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BEFORE THE
PUBLIC SERVICE COMMISSION OF WISCONSIN

In the Matter of the Revision by the Commission of the

Rules and Regulations Governing the Construction, Opera-

tion, and Maintenance of Lines and Equipment Owned,
Managed, Operated, or Controlled by Every Public Utility - U-2776
and Every Railroad Along or Across any Public Highway

or Private Right of Way over which Electrical Energy is
Transmitted, or Messages are Transmitted or Conveyed.

ORDER APPROVING ELECTRICAL CODE

WHEREAS copies of Volume 2 of the fifth edition of the code as
adopted August 30, 1944; November 21, 1944 and amended February
25, 1949 have become exhausted and changes in material and methods
have made it desirable to revise both volumes of the code; and

WHEREAS a joint investigation has been conducted by the Industrial
Commission of Wisconsin and the Public Service Commission of Wis-
consin involving the revision of the standards of safe electrical
construction and operation; and

WHEREAS all railroads and publie utilities under the jurisdiction of
this Commission and subject to the requirements of Chapters 195 and
196 of the Statutes have had due notice of the hearing held in con-
nection with the aforesaid investigation; and

WHEREAS as a result of such investigation certain changes in, and
additions to, the Wisconsin State Electrical Code have been adopted
and promulgated by the Industrial Commission of Wisconsin as their
General Orders Nos. 1000 to 1452 and 1600 to 1652 inclusive, effective
July 25, 1951, as more particularly shown in said code;

FINDING
THE COMMISSION FINDS:

That the requirements set forth in the order herein made are
proper and necessary to be preseribed for the railroads and publie
utilities of this state,

ORDER
IT I8 THEREFORE ORDERED:

. (1) That all railroads and public utilities subject to the jurisdie-
tion of this Commission and subject to the requirements of Section
196.74 be and are hereby required to observe and conform to the
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and rules of operation as
ical Code adopted by the
and adopted as an

standards of construction, maintenance,
established by the Wisconsin State Electr
Industrial Commission, which is hereby approved
- order of this Commission.
(2) That to make the latest code available to the public.
a. Volume 2 of the fifth edition shall be reprinted and shall con-
tain all vevisions to the date of this order.

me 1 of the fifth edition shall be printed

. A lement to Volu 4
. oxil sinee November 1944 to the date of this

containing all changes made
order.
Dated at Madison, Wisconsin, this 25th day of July, 1951.
PUBLIC SERVICE COMMISSION OF WISCONSIN
Joun C. DOERFER
Chairman

James R. DURFEE
Comnissioner

W. F. WHITNEY
Commissioner

WISCONSIN STATE ELECTRICAL CODE

Preface

By Chapter 101 of the revised statutes, it is the duty of the Indus-
trial Commission to fix standards of safety in all places of employ-
ment and to formulate rules and regulations relative to the enforce-
ment of such standards. It is further the duty of the Industrial
Commission to fix similar standards and formulate rules and regula-
tions relating to fire hazards or to the prevention of fires in buildings
so situated as to endanger other buildings or property.

The first electrical code was adopted in 1917, Between 1917 and the
present date, the 1917 code orders were revised and changed a number
of times.

The first printing of the fifth edition contained some orders which
became effective August 30, 1944 and some that became effective
December 21, 1944, Certain amendments became effective February
25, 1949,

The fifth edition was the first code that was printed in two volumes
to accommodate various interests who use some parts of the code
to the exclusion of others. When reference is made to the Wisconsin
State Electrical Code, both volumes are meant.

_ Because copies of volume 2 of the code became exhausted and new
materials and methods have become available, it was decided to
reprint and revise volume 2 and to print a supplement for volume 1.

The following committee representing the organizations noted,
together with the advisors given below, met with representatives of
the Industrial and Public Service Commission at various times to
formulate recommendations to be presented to the Commission.

CODE COMMITTEE

John E. Wise, Madison, Chairman of Committee, Industrial Com-
mission of Wisconsin,

R. B. Purucker, Madison, Secretary of Committee, Public Service
Commission.

J. A, Dickinson, Washington, Bureau of Standards.

W. A. Haig, Milwaukee, Milwaukee Building Inspection Department.
" George C. Cooper, West Allis, Wisconsin Manufacturers’ Associa-
tion,

L. A. Woad, Chicago, Association of American Railroads.

B. J. Kallevang, Madison, Wisconsin Utilities Association,

B. H, Barg, Milwaukee, Electrical Contractors’ Association.



I. B. Wilkinson, Milwaukee, Fire Insurance Rating Bureau.
Wm. Harnack, Wauwatosa, Wisconsin State Federation of Labor.
G. W. Searle, Milwaukee, Wisconsin Telephone Company.
Orville R. Nichols, Milwaukee, Wisconsin Electrical Association.
C. T. Evans, Milwaukee, Electrical Utilization Equipment Manufac-
turers.
Herman P. Siebkin, Madison, State Telepiione Association.
The persons consulted as technical advisors were:
G. A. Benjamin, Minneapolis, Western Union Telegraph Company.
Walter Gerke, Milwaukee, Wisconsin State Federation of Labor.
W. E. Gundlach, Milwaukee, Wisconsin Electric Power Company.
E. H. Herzberg, Milwaukee, Manager Electrical Contractors’ Asso-
ciation, Milwaukee Chapter.
R. C. Siegel, Milwaukee, Wisconsin Telephone Company.
C. L. Smith, Chicago, Electrical Tield Engineer, National Fire Pro-
tection Association.
W. 8. Wilder, Milwaukee, Wisconsin Electric Power Company.
H. E. Reinhold and L. W. Butler, Milwankee, Wisconsin Telephone
Company.

The formal hearing was held at Milwaukee on January 12, 1951, at
which time the committee’s report was submitted to the two com-
missions. Following the hearing the committee considered certain
questions raised at the hearing and made recommendations to the
commissions. The committee’s recommendations and other suggestions
were considered fully and the Industrial Commission’s action was pub-
lished in the official state paper on June 95, 1951, and hence became
offective thirty days later, namely, July 25, 1951. The Public Service
Commission’s order became effective as of the same date.

LOCAL ELECTRICAL REGULATIONS

Section 101.16 subsection 1 of the statutes provides that when any
orders of the Industrial Commission have been filed with the clerk
of any village or city it then becomes the duty of local officers to
enforce such orders and thereafter no local officer shall make or
enforce any order contrary to such orders.

However, nothing in this Electrical Code shall be understood to
limit the power of any town, village or city to enact and enforce
additional or more stringent local regulations, provided the same do
not abridge or conflict with this code or any other orders of the
Industrial Commission, The State Electrical Code sets forth the
minimum construetion vequirements for the entire state, but where
local regulations are more stringent, in whole or in part, the addi-
tional local requirements must also be met.

Leds stringent local regulations are held to be amended or modified
by similar orders of the Industrigl Commission.

Statutes Affecting Interior Wiring, Transmission Lines, etc.

Section 167.16 of the Statutes requires the following regarding
electric wiring. '

Regulation of Electric Wiring. 167.16(1) It is hereby
made the duty of every contractor and other person who does
any electric wiring in this state to comply with the Wiscon-
sin State Electrical Code, and the company furnishing the
electrical current shall obtain proof of such compliance be-
fore furnishing such service; provided, that nothing therein
contained shall be construed as prohibiting any municipality
from making more stringent regulations than those contained
in the above mentioned code. Proof of such compliance shall
consist of a certificate furnished by a municipal or other
1'ec0g1:nzed inspection department or officer, or if there is no
such inspection department or officer it ghall consist of an
affidavit furnished by the contractor or other person doing
the wiring, indicating that there has been such compliance.

(2) Any person who shall violate the provision i
4 s of th
section shall be deemed guilty of a misdemganor and shall l;:
punished by a fine of not less than twenty-five dollars nor
more than one hundred dollars, or by imprisonment in the

Sr?:r?t?s. jail not less than thirty days mnor more than six

The following forms of affidavit, one form for the contractor and
one for the electrical inspector, are suggested:

SUGGESTED FORM OF AFFIDAVIT TO BE USED BY
ELECTRICAL INSPECTOR

State of Wisconsin
___________ County

City 88
Village }-———--——-

Town

—mmmmmm o i — , do hereby certify that I am the duly
appointed, qualified and acting electrical inspector of said city, village
or town; that I have inspected the following deseribed electric wiring
;nstalled by, , on the premises occupied
by T R , and located at No. ____________ Street
m_sald (.:lty, village or town, and that said wiring complies with t-he’
Wisconsin State Electrical Code. Description of wiring inspected,

Electrical Inspector
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SUGGESTED FORM OF AFFIDAVIT TO BE USED BY
ELECTRICAL CONTRACTOR

STATE OF WISCONSIN }
s8

ety o e

____________________ ——____, being duly sworn by oath, says that he
is the person who *_______ the following described work of
wiring for electricity in the ™ ____, occupied
N , and located *** _____
ithe Countyof cocoieenrnn aanee , Wiscongin, and that all of said

deseribed electric wiring at the location above was done so as to
comply, and does comply, with the Wisconsin State Electrical Code,
and that this affidavit is made pursuant to and in compliance with
the provisions of section 167.16 of the Statutes.

Description of wiring done ——— =

(Signed) =

Qubscribed and sworn to before me,
s FEE 2l S A b S
Notary Publie, . _—___ County, Wis.

Seetion 196.72(1) of the Statutes requires

(1) Every public utility shall immediately report to the
Commission (i.e. Public Service Commission) every, fatal
accident oceurring upon its premises or directly or indirectly
arising from or connected with its maintenance or operation.

Section 102.37 of the Statutes requives

Every employer of three or more persons and every em-
ployer who is subject to the workmen’s compensation act
shall keep a record of all accidents causing death or dis-
ability of any employee while performing services growing
out of and incidental to the employment, which record shall
give the name, address, age and wages of deceased or injured
employee, the time and causes of the accident, the nature and
extent of the injury, and such other information as the In-
dustrial Commission may require by general order. Reports
based upon this record shall be furnished to the Industrial
Commission at such times and in such manner as it may
require by general order upon forms to be procured from the
Commission (i.e. Industrial Commission).

In connection with Section 102.37 of the statutes quoted above, the
Industrial Commission has issued the following rule 2 of its “Rules
of Practice of Industrial Commission of Wisconsin.”

Employers under the provisions of the workmen’s com-
pensation act within one day after the fatal termination of
an accident or industrial disease, shall make a brief report

* 8pace left for the word "did"” or “supervised.” ** Specify residence,
barn or other building in which wiring was done. ***In villages and
cities insert street and number and name of city or village. Tn
unineorporated territory imsert sectlon number and name of town.

of this occurrence to the Industrial Commission by tele-
graph or by letter., They shall also make a report on Form
A-12 on the fourth day after the accident or beginning of
disability from occupational disease upon every accident or
disease causing death or a disability which exists beyond
the third day after the employee leaves work as a result of
the acecident.

Self-insured employers and insurance companies on all
accidents which require a first report must:

1. Make a supplementary report on Form A-13 on the
eleventh day following that on which the accident occurred.

2. Malke another supplementary report immediately when
payments are stopped for any reason. This report must be
accompanied by an explanatory memorandum, if there is a
dispute with the injured man.

3. Make a final report on Form A-13 when final payment
of compensation has been made, which must be accompanied
by (a) a copy of the final receipt signed by the injured
employee; and (b) a report from a physician, if the dis-
ability exceeds three weeks or if there is any permanent
disability, unless there has been a hearing before the
Commission, 3

4. Supply to the employe copy of final report on Form
A-18 in all cases at the time of final payment, and final
physician’s report in cases where disability has extended
beyond three weeks following the date of injury, or where
permanent disability has resulted.

5. Make immediate report of any amputation which
requires an artificial member or appliance.

Some of the other laws that have a bearing on electric construction
and safety are as follows:

Section or Chapter

Laws of 1949 Subjeet Matter
EhRteT A0 Creation and duties of Industrial Com-
mission
Enapter 02 .. o' Workmen’s compensation act
Chapters 195 and 196 ______ Creation and duties of Public Service
; Commission
Section 86.16 _______ ————- Poles on highways
Section 180.17 . ___.________ Transmission lines
Seckion 18018 _____ - _____ Wires over railroads
gection 196.171 —___________ Examination of meters, pipes, fittings,
}fwres and works; entering buildings
3 or
Section 180.19 _____________ Damages for non-delivery of message
Sect}on L e e S S Transmission lines and warning signs
Hection 196,74 _____________ Safety and interference
Sections 843.17 and 98.25 ___ Diversion of current
Eoetion 848075 _ Fraudulent use of gas, electricity, water

Section 843.724 P Ei'nd g

Sechic il oles on private propert

ga_et}on S R Injury to property L
T R Injury to wires

- The a:bove is not a complete list of laws covering all the subject
Q‘@attel: 11:wolvecl nor all the laws administered by the Public Service
Commission and Industrial Commission.
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Other Industrial Commission Publications

Flammable Liquids Code

Building Code

Elevator Code

Boiler Code )

Industrial Lighting Code

School Lighting Code

Refrigerator Code

Heating and Ventilating Code

Cleaning and Dyeing Code

General Orders on Existing Buildings

General Orders on Dusts, Fumes, Vapers and Gases
General Orders on Safety in Construction
General Orders on Fire Prevention

General Orders on Sanitation

General Orders on Safety

General Orders on Spray Coating

General Orders on Quarries and Pits

General Orders on Mineg

General Orders on Tunnel, Caisson and Trench Construction
General Orders on Explosives

General Orders on Klectrical Fenceg

General Orders on Liquefled Petroleum Gases.

Enforcement

The authority for the enforcement of this code is wvested in the
Public Serviece Commission with respect to the installation and opera-
tion of circuits or equipment by public ufilities in the exercise of

their functions as utilities; and in the Industrial Commission with

respect to the installation and operation of circuits or equipment
affecting employees, employers, or the public, :

ELECTRICAL CODE—ORDER 1012 13

(A INTRODUCTORY PART
VOLUME 2
GENERAL REQUIREMENTS AND DEFINITIONS

Order 1000. Scope of Code.

This code, consisting of two volumes, shall apply as minimum fire
and safety requirements for the construction, installation, and main-
tenance of all electrical and communication cireuits and egquipment
including signal, radio, and lightning rod eguipment; and includes
rules to be observed in the operation of electrical and communication
“equipment and Hines.

SECTION 101, GENERAL REQUIREMENTS

'Ofder 1010. Character .of Construction, Maintenance and Operation.

:'_All electrical and communication equipment and lines shall be of
_such ‘construetion, and so installed, operated, and maintained as to
mmlmlze the life and fire hazard.

rder 1011, Use of Approved Materials and Construction Methods.

A Materinls, No materials, employed in construction covered by
g code, ghal! be used which have not been approved by the Indus-
al Commlssmn or Publie Service Commisgion,

epf:ion Materials which comply with the requirements of this cede
e hereby approved

't i3 the policy of the administrative authority fo approve
'Edevlces, and systems which are listed as standard by the
W 1ters sLaboratories if they do not confliet with the require-
of this’ _or other state codes or the laws of the state.

Methods. df Installation. No methods of installing electrical ma-
‘devices in construction covered by this code shall be used
not. approved by the Industrial Commission or Public
ce Commission,

tion .Iv_ie_t_hods of installation which comply with the require-
: code: are hereby approved,

q pm:e_nt ot ¢onstruction known to be defective so as to en-
_operty ‘shall be promptly repaired, permanently dis-
orisolated untﬂ repalrs can be made, Construction, repairs,

d;
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additions and changes to electrical equipment and conductors shall be
made by qualified persons only. (See also Orders 1211 and 1213.)

Order 1013. Application of Orders.

A. Waiving Orders. The orders are intended to apply to all in-
stallations except as modified or waived by the proper administrative
authority. They are intended to he so modified or waived in par-
ticular cases wherever any rules are shown for any reason to be
impracticable, such as by involving expense not justified by the pro-
tection secured; or if equivalent or safer construction is secured in
other ways.

B. Application. The intent of the orders will be realized (1) by
applying the orders in full to all new installations, reconstructions,
alterations, and extensions, except where any rule is shown to be
impracticable for special reasons or where the advantage of uniformity
with existing construction is greater than the advantage of construc-
tion in compliance with the orders, providing the existing construc-
tion is reasonably safe; (2) by bringing existing installations into
conformity with these orders as far as may be directed by the Indus-
trial Commission or Public Service Commission and within the time

determined by them.
C. Penalties. The 1949 Statutes of the State of Wisconsin require:

102.57 Where injury is caused by the failure of the employer
to comply with any statute or any lawful order of the Commis-
sion, (i.e. Industrial Commigsion) compensation and death bene-
fits as provided for in this chapter shall be increased fifteen
percent.

102.58 Decreased compensation. Where injury is caused by the
wilful failure of the employe to use safety devices where pro-
vided in accordance wilh any statute or lawful order of the com-
mission and adequately maintained, and their use is reasonahbly
enforced, by the employer, or where injury results from the em-
ployee's wilful failure to obey any reasonable rule adopted by the
employer for the safety of the employe and of which the employe
has notice, or where injury results from the intoxication of the
employe, the compensation, and death benefit provided herein
shall be reduced 15 per cent.

196.64 Utilities, liability for treble damages. If any public util-
ity shall do or cause to be done or permit to be done any matter,
act or thing prohibited or declared to be unlawful by chapter 196
or 197, or shall ‘'omit to do any act, matter or thing required to
be done by it, such publie utility shall be liable to the person
injured thereby in treble the amount of damages sustained in
consequence of such vielation.

196.66 General penalty; utility responsible for agents. (1) If
any publie utility shall violate any provision of chapter 196 or
197, or shall do any act therein prohibited or shall fail or refuse
to perform any duty enjoined upon it for which a penalty has
not been provided, or shall fail, neglect or refuse to obey any
lawful requirement or order made by the Commission (l.e. Public
Service Commission) or the municipal council or any judgment
or decree made by any court upon its application, for every such
violation, failure or refusal such public utility shall forfeit not
less than twenty-five dollars nor more than one thousand dollars.

HLECTRICAL CODE—ORDER 1020 15

(2) Every day during which any public utility or any officer,
agent or employee thereof shall fail to observe and comply with
any order or direction of the Commission or to perform any duly
enjoined by chapter 196 or 187, shall constitute a separate and
distinet violation.

D. Temporary Installations. It will sometimes be necessary to modify
or waive certain of the orders in case of temporary installations or
installations which are shortly to be dismantled or reconstructed.
Such temporary construction may be used for a reasonable length of
time provided it is under competent supervision while it or adjoining
equipment is alive or if it is protected by suitable barriers or warning
signs when accessible to any person, without fully complying with
this code; but all such construction shall be made reasonably safe.

E. Testing. Rooms which are used exclusively for routine or
special electrical test work and, therefore, are under the supervision
of a qualified person, need comply with this code only insofar as is
practicable for the character of the testing done.

F. Emergency. In case of emergency or pending decision of the
administrator, the person responsible for the installation may decide
as to modification or waiver of any order, subject to review by proper
authority.

SECTION 102. DEFINITIONS OF SPECIAL TERMS

Order 1020, Definitions.

The following is a list of terms which it was deemed advisable to
define. Terms defined only in Volume 1 are indicated. Terms not
defined will be understood to have their customary meaning.

Aceessible (as applied to wiring methods) means not perma-
nently closed in by the structure or finish of the building, capable of
being removed without disturbing the building structure or finish; (as
applied to equipment) admitting close approach because not guarded
by locked doors, elevation or other effective means. (See also “Readily
Accessible.”)

Administrative Authority means the Industrial and/or the Public
Service Commissions.

Alive or Live means electrically connected to a source of potential
difference, or electrically charged so as to have a potential different
from that of the earth. The term “live” is sometimes used in place
of the term “current-carrying” where the intent is clear, to avoid
repetitions of the longer term.

Antenna Conflict. See Volume 1.

Appliance means current-consuming equipment, fixed or portable;
for example heating, cooking and small motor-operated equipment.

Approved means acceptable to the administrative authority enfore-
ing this code. (See Order 1011).

Armored Cable means flexible metallic tubing in which the con-
ductors have been inserted in the process of manufacture,

Askarel means a synthetic non-flammable insulating liquid which,
when decomposed hy the electric are, evolves only non-explosive gases.
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Authority. See Administrative Authority. ‘

Automatic means self-acting, operating by its own mechanism when
actuated by some impersonal influences as, for example, a change
in current strength; not manual; without personal interventmp. Re-
mote control that requires personal intervention is not automatic, but
manual. _

Branch Circuit means that portion of a wiring systc:m extending
beyond the final overcurrent device protecting the cir.cult.

A device not approved for branch circuit protection, such‘ as a
thermal eutout or motor overload protective device, is not considered
as the overcurrent device protecting the circuit. .

Building means a structure which stands alone or which is c}lt 'oﬁ'
from adjoining structures by unpierced fire walls. (See Building
Code).

Cabinet means an enclosure designed either for sul'f?.ce or ﬂl.'.lElh
mounting, and provided with a frame, mat or trim in which swinging
or sliding doors are placed. (See cutout box).

Cable means a combination of conductors which are bound together
and insulated from each other. It also includes single_ conductors
having the same insulation and outside protective covering as com-

" monly used in multi-conductor cables.

Cuable Vault. See Manhole. .

Circuit means a conductor or system of conductors through which
an electrie current is intended to flow.

Circuit-breaker means a device designed to open under abnormal
conditions a current-ecarrying circuit without injury to itse]f._ The
term as used in this code applies only to the automatic type designed
to trip on a predetermined overload of current.

Climbing Space. See Volume 1.

Common Use. See Volume 1.

Communication Lines. See Volume 1. .

Concealed means rendered inaccessible by the structure or finish
of the building. Wires in concealed raceways are considered concealed,
even though they may become accessible by withdrawing them.

Conductor: )

Conductor means a metallic conducting material, usually in the
form of a wire or cable, suitable for carrying an electric current.

Grounding Conductor means a conduetor which is used fo con-
nect the equipment or the wiring system with a grounding electrode
or electrodes. )

Lateral Conductor means, in pole wiring work, a wire or cable
extending in a general horizontal direction approximately at right
angles to the general direction of the line conductors. . .

Line Conductor means one of the wires or cables carrying electric
current, supported by poles, towers, or other structures, but not
including vertical or lateral connecting wires. :

Vertical Conductor means, in pole wiring work, a wire or cable
extending in an approximately vertical direction.

Conductor Conflict. See Volume 1.
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Conduit:

Conduit means a tube especially constructed for the purpose
of enclosing electrical conductors.

Rigid Metal Conduit means a tubular raceway with threaded
ends, for electric wires and cables; if of ferrous metal, having a
corrosion resistant coating on all surfaces, except threads and if of
corrosion vesistant material, properly identified and in either case
with a uniformly smooth interior coating of enamel or like material.
Conduit may be made of mild steel tubing of circular cross-section
having walls which in the various electrical trade sizes comply with
the measurements and weights set forth in Order 18-93461. For other
materials dimensions are to be the same and weights will vary.

Flexible Metallic Conduit means a flexible raceway of cireular
cross section especially constructed for the purpose of permitting
drawing in or withdrawing of wires and cables after the conduit and
its fittings are in place, and is made of metal strip, usually of steel
with metallic corrosion resistant coating, helically wound and with
interlocking edges.

Eleetrical Metallic Tubing means a thin-walled steel or corrosion
resistant metal raceway of cirenlar cross-section, constructed for the
purpose of pulling in or withdrawing wires after it is installed in
place, coated inside and out to be corrosion resistant and connected
by means of threadless fittings. The interior diameters should be
the same as for the corresponding trade sizes of rigid conduit, See
Section 13-348 and Order 13-93481.

Conflict. See Volume 1.

Connector, Pressure (Solderless) means a connector in which con-
tact between the conductor and the connector is obtained without the
use of solder by means of mechanically applied pressure,

Controller means device, or group of devices, which serves to gov-
ern, in some predetermined manner, the electric power delivered to
the apparatus to which it is connected,

Current-carrying Part means a conducting part intended to be
connected in an electric circuit, Non-current-carrying parts are those
not intended to be so connected,

Cutout Box means an enclosure designed for surface or flush mount-
ing and having swinging or sliding doors or covers secured directly
to and telescoping with the walls of the box proper. (See Cabinet).

Dead means free from any electrical connection to a source of
potential difference and from electric charge; not having a potential
different from that of the earth. The term is used only with reference
to current-carrying parts which are sometimes alive,

Demand Factor of any system or part of a system means the ratio
of the maximum demand of the system, or part of a system, to the

total connected load of the system, or of the part of the system under
consideration,

Device means a unit of an electrical system which is intended to
carry but not consume electrical energy.
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Disconnector means a switch which is intended to open a cireuit
after the load has been thrown off by some other means.

Note: Manual switches designed for opening loaded circuits are usually
installed in circuit with disconnectors, to provide a safe means for
opening the circuit under load.

Disconnecting Means means a device, group of ‘devices, or other
means whereby the conductors of a ecircuit can be disconnected from

their source of supply.

Duet means (in underground work) a single tubular runway for
underground cables.

Dustproof means so constructed or protected that an accumulation
of dust will not interfere with its successful operation.

Dusttight means so constructed that dust will not enter the

enclosing case.

Duty:

Continuous. Continuous duty is a requirement of service that
demands operation at a substantially constant load for an indefinitely
long time.

Intermitbent. Intermittent duty is a requirement of service that
demands operation for alternate intervals of (1) load and no load;
or (2) load and rest; or (3) load, no load and rest.

Periodic. Periodic duty is a type of intermittent duty in which
the load conditions are regularly recurrent.

Short-Time. Short-time duty is a requirement of service that
demands operation at a substantially constant load for a short and
definitely specified time.

Varying. Varying duty is a requirement of service that demands
operation at loads, and for intervals of time, both of which may be
subject to wide variation.

See table in Order 18-4312 for illustrations of various types
of duty.

Effectively Grounded. See Grounded.

Electrical Metallic Tubing. See Conduit.

Electrical Supply Equipment. See Equipment.

Eleetrical Supply Lines. See Lines,

Electrical Supply Station means any building, room, or separate
space within which electrical supply equipment is located and the
interior of which is accessible, as a 1ule, only to properly qualified
persons. :
This includes generating stations and substations and generator,
storage battery, and transformer rooms, but excludes manholes and
isolated transformer vaults on private premises. (See definition of
“Transformer Vault”).

Electric Sign means a fixed or portable, self-contained electrically
illuminated appliance with words or symbols designed to convey
information or attract attention.

Enelosed means surrounded by a case which will prevent accidental
contact of a person with live parts. A solid enclosure means one which
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will nf.-ither ad‘mit accumulation of flyings or dust nor transmit sparks
or flying particles to the accumulations outside.
Equipment :

) Equlpr‘nent means a general term including material, fittings, de-
vIce.as, apphanlces, fixtures, apparatus, and the like, used as a part of,
or in conngctmn with, an electric installation.
m(}di}lectncallsi}:pply Equipment means equipment which produces,

mes, regulates, controls, or safeguards a i
ol 5 z supply of electrieal

Utﬂiza‘tion I.:'}guipment means equipment, devices, and connected
}:mmg, “f.l‘]_lch utilize electrical energy for mechanical, chemiecal, heat-
ing, lighting, testmg:, or similar purposes and are not a part of supply
equipment, supply lines or eommunication lines.

Explosion-proof means enclosed in a case which is designed and

- construeted to withstand an explosion of a specified gas or dust

which may oceur wit%lin it, and to prevent the ignition of the specified
g’;;,st }?1' dust. glg‘roundmg‘ the enclosure, by sparks, flashes or explosions
of the specified gas or dust which may oceur withi
it y within the enclosure.
i Exposed (ap;?lied to circuits or lines) means in such a position
t at in case of failure of supports or insulation contact with another
circuit or line may result.
Exposed (as applied to live : i
3 parts) means that a live part can
:e inadvertently t.ouchedl or approached nearer than a safe distance
y agy pers&)ni It is applied to parts not suitably guarded or isolated
txposed (as applied to wiring metho : ible; :
Ry g ds) means accessible; not
E“:ctemally Operable means capable of heing operated without ex-
Eosmg .the o;;erator to contact with live parts. (This term is applied
0 equipment, such as a switch, that i i
by A s enclosed in a case or a
Fe}edef means any conductors of a wiring system between the
service equipment, or the generator switchboard of an izolated plant
and 'th.e branch cireuit over-current device, i
ft"attmg mr?a.ns an accessory such as a locknut, bushing or other
pa of. a wiring system which is intended primarily to perform a
mecharfmal rather than an electrical function. :
Flexible Metallic Tubing. See Conduit.
Garage :
= 'Ga‘rage means a building or portion of a building in which one
forntl‘ouf St‘:lf~pr0pelled vehicles carrying volatile, flammable liquid
exhihilt? or power are k_ept for use, sale, storage, rental, repair,
.buildj fon or c}emonstratmg purposes, and all that portion of a
- k:ftwmgh u; 01;1 or below the floor or floors on which such vehicles
and which is not separated therefrom by tight i
fire galls and fire-resistive floors. i
oo l?némem'lal (Public) Garage means any building where self-
) ed vehicles are sold or serviced, or where three or more such

vehi . ;
= cles are stored or serviced for hire or for commercial use,
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General-use Switeh. See Switch.

Grounded :

Grounded means connected to earth or to some exterided conduct-
ing body which serves instead of the earth, whether the connection is
intentional or accidental.

Effectively grounded means permanently connected to earth
through a ground connection of sufficiently low impedance and having
sufficient current-carrying capacity to prevent the building up of volt-
ages which may result in undue hazard to connected equipment or to
persons.

Grounded System means a system of conductors in which at
least one conductor or point (usually the middle wire, or neutral point
of transformer or generator windings) is intentionally grounded,
either solidly or through a current limiting device. This ground
connection may be at one or more points.

Grounding Conductor. See Conductor.

Guarded means covered, shielded, enclosed, or otherwize protected,
by means of suitable covers, casings, barriers, rails or screens, or by
means of mats, or platforms, to remove the liability of dangerous
contact or approach by persons or objects to a point of danger. Wires,
which are insulated, but not otherwise protected, are not considered
as guarded, (See Definition of Insulated).

Guard Zone. See Volume 1.

Handhole, See Volume 1.

Hazardous Locations. See Section 13-500.

Hoistway means any shaftway, hatchway, wellhole, or other vertical
opening or space in which an elevator or dumbwaiter is designed to
operate,

Inclosed., See Enclosed.

Insulated means separated from other econducting surfaces by a
dielectric substance or air space permanently offering a high resist-
ance to the passage of current and to disruptive discharge through
the substance o1 space.

Note: When any object is said to be insulated, it is understood to be
insulated in a suitable manner for the conditions to which it is sub-
jected. Otherwise, it is within the purpose of these rules, uninsulated.
Insulating covering of conductors is one meang of making the con-
ductors insulated,

Insulating (where applied to the covering of a conductor or to
clothing, guards, rods, and other safety devices) means that a device,
when interposed between a person and current-carrying parts, pro-
tects the person making use of it against electric shoek from the
current-carrying parts with which the device is intended to be used.
(The opposite of conducting.)

Isolated means that an objeet is not readily accessible to persons
unless special means for access are used. (See definition of exposed).

Isolated Plant means a private electrical installation deriving
energy from its own generator driven by a prime mover.

Isolating Switeh. See switch.
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Isolation by Elevation means elevated sufficiently so that persons
may .safely walk underneath. (See definition of exposed)

Joint Use means simultaneous use by two or more kinds of utilities,

Lateral Conductor, See Conductor.

Lr.:,te'ral Working Space. See Volume 1.

Lighting Outlet means an outlet intended for the direct connection
of a lampholder, a lighting fixture or a pendent cord terminating in
a lampholder.

I_rzghtmfng Arrester as applied to Supply Circuits means a device
whEch has the property of reducing the voltage of a surge applied
to its terminals, is capable of interrupting follow current if present
and restores itself to its original operating condition, ’

Line Conductor. See Conductor.

Lines. See Volume 1.

Location:

Dry Location means a location not normally subject to dampness
or wetness. A location classified as dry may be temporarily subject
to dampness or wetness, as in the case of a building under con-
struetion.

. Damp Location means a location subject to a moderate degree of
moisture, such as some hasements, some barns, some cold storage
warehouses, and the like,

Wet ]"_Jocation means a location subject to saturation with water
or other liquids, such as locations exposed to the weather, wash rooms
in garages, and like locations, Installations underground or in con-
cret(? slabs or masonry in direct contact with the earth, shall be
considered as wet loecations. ,

Low-Energy Power Circuit means a circuit which is not a remote-
control or signal circuit but which has the power supply limited in

accor e ith Irequir ] Of C =
da]lc W the emellt 1335 271 emote con tl cireuit
01 uits.

Buch circui inc i
opemtiocl:l1;;11ct:zir1lr_1;LL;?‘:t:;eztg;iod;?ﬁrp}?;eners and circuits used in the

Low-volt_age Protection means the effect of a device operative on
the ?eductlon or failure of voltage to cause and maintain the inter-
ruption of power supply to the equipment protected.

Low:voltage Release means the effect of a device operative on the
reduction or failure of voltage to cause the interruption of power
supply to the equipment, but not preventing the reestablishment of
the power supply on return of voltage,

Manhole. See Volume 1,

Mc'muai means capable of being operated by personal intervention

Minor Communication Lines. See Volume 1. .

Motor Circwit Switeh. See Switch,
th:}flovc;izsbfqmp::nent means electrical apparatus which is heavier
- p . able equipment as defined below, but which, nevertheless, is

igned to be transported from place to place for use; equipmient

_-whu:h 1s stationary when in use, but is designed for being transported

from job to job. (See Definition of Portable Appliance).
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Multi-outlet Assembly means a type of surface raceway, designed
to hold conductors and plug receptacles, assembled in the field or at
the factory.

New Construction means all new electrical installations and all
extensions and renewals which constitute a substantial portion of

the installation.

Open Wire. See Volume 1.

Outlet means a point on the wiring system at which current is
taken to supply fixturves, lamps, heaters, motors and current-con-
suming equipment generally.

Outline Lighting means an arrangement of incandescent lamps or
gaseous tubes to outline and call attention to certain features such
as the shape of a building or the decoration of a window.

Panelboard means a single panel, or group of panel units designed
for assembly in the form of a single panel; including busses and
with or without switches and/or automatic overcurrent protective
devices for the control of light, heat, or power circuits of small indi-
vidual as well as ageregate capacity; designed to be placed in a
cabinet or cutout box placed in or against a wall, or partition, and
accessible only from the front. (See Definition of Switchboard).

Permanently Grounded. See Grounded, Effectively.

Pole Face. See Volume 1.

Portable Appliance means an appliance capable of being readily
moved where established practice or the conditions of use make it
necessary or convenient for it to be detached from its source of
‘current by means of flexible cord and attachment plug. This includes
apparatus which can be easily moved about or lifted and is intended
to be so handled when in use.

Qualified Person means one familiar with the construetion and
operation of the apparatus and the hazards involved.

Raceway means any channel for holding wires, cables or bus-bars,

which is designed expressly for, and used solely for, this purpose.

Raceways may be of metal or insulating material, and the term in-
cludes rigid metal conduit, flexible metal conduit, electrical metallic
tubing, underfloor raceways, cellular metal floor raceways, surface metal
raceways, wireways, busways and auxiliary gutters.

Ruaintight means so constructed or protected that exposure to a
beating rain will not result in the entrance of water.

Readily Accessible means capable of being reached quickly, for
operation, renewal or inspection, without requiring those to whom
ready access is requisite to climb over or remove obstacles or to
resort to portable ladders, chairs, ete.

Reeeptaele Outlet means an outlet equipped with one or more recep-
tacles, not of the screw-shell type, or provided with one or more
points of attachment within one foot or less, intended to receive
attachment plug caps.

Reconstruetion means replacement of a substantial portion of an
existing installation by new equipment or construetion. Does not
include ordinary maintenance replacements,
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Remote-Control Circuit means any electrical cirvcuit which controls
any other cirenit through a relay or an eguivalent device.

Rural Districts. See Volume 1.

Sag. See Volume 1.

Sealable Equipment means equipment enclosed in a case or cabinet
that is provided with means for sealing or locking so that live parts
cannot be made accessible without opening the enclosure. The equip-
ment may or may not be operable without opening the enclosure.

Service:

Service means the conductors and equipment for delivering
energy from the electricity supply system to the wiring system of the
premises served.

Serviee Cable means service conductors made up in the form of
cable. '

Service Conductors means that portion of the supply conductors
which extends from the street main or duet or from transformers
to the service equipment of the premises supplied. For overhead con-
ductors this includes the conductors between the last pole or other
aerial support and the service equipment.

Service Drop means that portion of overhead service conductors
between the pole and the first point of attachment to the building.

Service Entrance Conduectors means that portion of service con-
ductors between the terminals of service equipment and a point out-
side the building, clear of building walls, where joined by tap or
splice to the service drop or to street mains or other source of supply.

Where service equipment is located outside the huilding walls,
there may be no service entrance conductors, or they may be entirely
outside the building. '

Service Equipment means the necessary equipment, usually con-
sisting of cireuit-breaker or switch and fuses, and their accessories,
located near point of entrance of supply conductors to a building and
intended to constitute the main control and means of cutoff for the
supply to that building.

Service Raceway means the rigid metal conduit, electrical metal-
lie tubing, or other raceway, that encloses service-entrance conductors.

Setting (of circuit-breaker) means the value of the current at
which it is set to trip. .

.Show-Window means any window used or designed to be used for
displaying of goods or advertising material, whether it is fully or
partly enclosed or entirely open at the rear, and whether or not it has
a pl-atfm'm raised higher than the street floor level,

Signal Cirewit means any electrical eciveuit which supplies energy
to a device which gives a recognizable signal.

Such circu ; . i
s, aignis:f ];gglt:flea“cdll:.;:Ltsl“f:.r door bells, buzzers, code-calling

Shall is used to indicate requirements.
Should is used to indicate recommendations, or that which is
advised but not required. In general, recommendations have the form

- of fine-print notes or paragraphs supplementing the preceding text.
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Span Length. See Volume 1.

Special Permission means the written consent of the Industrial
or Public Service Commission.

Structure Conflict. See Volume 1.

Substanticl means so constructed and arranged as to be of adequate
strength and durability for the service to be performed under the
prevailing conditions.

Switeh :

Switch means a device for opening or closing or changing the con-
nection of a circuit. In these rules, a switch will always be under-
stood to be manually operated unless otherwise stated.

General-Use Switch means a switch intended for use as a switch
in general distribution and branch ecircuits. It is rated in amperes and
is eapable of interrupting its rated current at its rated voltage.

Isolating Switch means a switch intended for isolating an electric
cirenit from the source of power. It has no interrupting rating and
is intended to be operated only after the circuit has been opened by
some other means. ;

Motor-Cirenit Switech means a switch, rated in horsepower,
capable of interrupting the maximum operating overload current of a
motor of the same horsepower as the switch at the rated voltage.

Switchboard means a large single panel, frame, or assembly of
panels, on which are mounted, on the face or back or both, switches,
overcurrent and other protective devices, buses, and usually instru-
ments. Switchboards ave generally accessible from the rear as well
as from the front and are not intended to be installed in cabinets.
(See Panelboard.)

Tugs mean tags or other markers of distinctive appearance, indi-
cating that men are at work on the equipment or lines so designated.

Tension. See Volume 1.

Transformer Vault means an isolated fire-resistant enclosure, either
above or below ground, in which transformers and related equipment
are installed and which is not eontinuously attended during operation.

Urban Districts mean thickly settled areas, whether inside city
limits or not. ]

Utilization Equipment. See Equipment.

Vapor-tight means so enclosed that vapor will not enter the
enclosure.

Ventilated: Provided with a means to permit circulation of the air
sufficiently to remove an excess of heat, fumes or vapors.

Vertical Conductor., See Conductor.

Voltage:

Voltage of a cireuit means the greatest effective difference of
potential between any two conductors of the cireuit concerned.

Voltage to ground in grounded circuits means the voltage between
the given conduetor and that point or conductor of the circuit which
is grounded; in ungrounded circuits, the greatest voltage between
the given conductor and any other conductor of the cireuit.
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Where one cireuit is directly connected to another cireuit of
higher voltage (as in the case of auto transformers) both are con-
sidered of the higher voltage, unless the circuit of lower voltage is
effectively grounded.

When the term “volts” or ‘“voltage” is used without qualification
in Volume 1 it means the voltage between conductors if no grounded
conductor capable of carrying load is present. If such a grounded
conductor is present, “volts” or “voltage” means volts to ground.

Watertight means so constructed that moisture will not enter the
enclosing casge.

Weatherproof as applied to the protective covering on conductors
means a covering made up of braids of fibrous material which are
thoroughly saturated with a dense moisture-proof compound after
they have been placed on the conductor or an equivalent protective
covering designed to withstand weather conditions.

Weatherproof as applied to exterior installations means so con-
structed or protected that the weather will not interfere with
successful operation.

Wire Guauges. The American Wire Gauge (A.W.G.), otherwise
known as Brown & Sharpe (B.&S.), is the standard gauge for copper,
aluminum, and other conductors, excepting steel, for which the steel
wire gauge (StLW.G.), is used throughout this code.
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PART 3

ELECTRICAL AND COMMUNICATION
EQUIPMENT AND WIRING
INCLUDING GROUNDING

Chapter 1. General

Section 13-00. Scope of Orders.

In Part 3, the National Electrical Code has generally been followed.
The number of the National Electrical Code rule corresponding to any
order in this part may be determined by dropping the first two digits
and the hyphen. In a few cases the orders differ from the wording of
the National Electrical Code rule. ;

Note a. Throughout this part of the code are paragraphs which state
only fundamentals or objectives of safeguarding. These are followed hy
paragraphs setting forth the recognized methods and detail by which
the purposes and intent of the fundamental may be satisfied. Accord-
ingly, when employed, the rules stating a fundamental only will appear
as the first paragraph of a section or order.

Note b. The first four chapters of Part 3 are of general application to
the equipment not exempted by Order 13-0001, Chapters 6, 6, and 7 apply
to installations which involve special occupanecies, speclal equipment
or other special conditions. These chapters are supplementary to, or
amendatory of, the general orders, and the latter apply under such
circumstances except as so amended for the particular conditions. Chap-
ter 8 governs installations of communication systems, and is independ-
ent of the preceding chaplers except as they may be specifically referred
to. Chapter 9 covers construction specifications, The larger tables,
examples and the diagrams are collected in Chapter 10.

Order 13-0001. Application of Orders.

A. General. 1. Except as otherwise specified hereafter, the following
orders, Chapters 1 to 10 inclusive, which have for their purpose the
practical safeguarding of persons and buildings and their contents
from electrical hazards arising from the use of electricity, apply to
the electric and communication conductors and equipment installed
within or on public and private buildings and other premises, includ-
ing yards, carnival and parking lots, and industrial substations; also
the conductors that connect the installations to a supply of electricity,
and other outside conductors adjacent to the premises.

2. These orders do not apply to installations in ships, airveraft,
railway cars or antomotive equipment.

3. These orders do not apply to installations employed by a rail-
way, electric or communication utility in the exercise of its funetion
as a utility where the installations are located outdoors or in quarters
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used exclusively for that purpose, but they do apply to wires us.ed
in such quarters to distribute a power supply for lighting, service
outlets, and other utilization equipment.

4. Chapter 8 governs the installation of communication systems.
No other chapters of Part 3 apply to such installations, except as
they may be specifically referred to in Chapter 8.

Note a. The provisions of this Code constitute a minimum standard.
Compliance therewith and proper maintenance will result in an installa-
tion reasonably free from hazard but not necessarily efficient or con-
venient. This Code is to be regarded neither as a design specification
nor an instruction manual for untrained persons. Good service and

satisfactory results will often require larger sizes of wire, more branch
circuits, and better types of equipment than the minimum which is here

specified.

Note b. It is recommended that architects, when drawing plans and
specifications, make provision for ample raceways for wiring, spaces for
equipment, and allowances for future increases in the use of electricity.
In laying out an installation for constant-potential systems, provision
should be made for distribution centers located in easily accessible
places for convenience and safety of operation.

Note ¢, It is elsewhere provided in this Code that the number of wires
and eircuits confined In a single enclosure be varyingly restricted. It is
strongly recommended that architects and others provide similar restric-
tions wherever practicable, to the end that the effects of breakdowns
from short-circuits or grounds, even though resulting fire and similar
damage is confined to wires, their insulation and enclosures, may not
involve entire services to premiges nor Interruptions of essential and
independent services,

B. Equipment of More than 600 Volts. 1. All electrical equipment
and conductors of more than 600 volts shall comply with the orders
applying to electrical supply stations, Part 1. (See Order 1100).

2. If such equipment and conductors are installed in supply sta-
tion or other quarters accessible only to qualified persons, they need
not comply with the orders of Part 3, but only with the orders of
Part 1.

3. If such equipment and conductors are not installed in supply
stations or other quarters accessible only to qualified persons, they
shall comply with the orders of Part 3 for equipment of over 600
volts (See Section 13-710) and also with the orders of Part 1. In
addition, all eurrent-carrying parts shall be either incased in effec-
tively grounded metal cases or conduit, or otherwise suitably guarded
to prevent access (or too close approach) to such current-carrying
parts by any but qualified persons. '

C. Equipment Accessible to Qualified Persons Only. Electrical
equipment and conductors, if installed in supply stations or other
quarters accessible only to qualified persons, may be installed in con-
formity with the orders applying to electrical supply stations (Part
1), in which case only wiring used to distribute a power supply for
lighting, service outlets and other utilization equipment need comply
‘with the orders of Part 3. (See Order 1100).
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SECTION 13-100. DEFINITIONS
The ‘“definitions” will be found in Order 1020, Introductory Part.

SECTION 13-110. GENERAL

Order 13-1101. Approval.

The conductors and equipment required or permitted by this Code
shall be acceptable only if approved. See definitions of “Approved”
in Order 1020. '

Order 13-1102. Wiring Methods.

A, Only wiring methods recognized as suitable are included in
this Code. Special types of wiring may be used only where recognized
as suitable under this and other sections of this Code. The recognized
methods of wiring may be installed in any type of building or occu-
pancy except as otherwise provided in this Code.

B. All conductors shall be guarded in an approved manner when
brought closer to floor or platform than 7 feet, or when exposed to
mechanical injury above that level.

Exception: Trolley conductors, grounding conductors size No. 4 or
larger, lightning arrester ground conductors, pendants and portable
cords are exempt from this order.

C. All conductors for light, heat or power for interior wiring sys-
tems in schools, theaters, assembly halls, hotels, hospitals, public
garages, as well as apartments and office buildings of fire-resistive
construetion, shall be guarded by enclosure in rigid or flexible conduit,
electrical metallic tubing, armored cable, surface metal raceways or
other approved raceways.

HException: (1) Wiring for lighting purposes, except lightning arrester
ground conductors, in schools and assembly halls of frame construction

may be of concealed knob and tube construction or non-metallie
sheathed cable when protected against mechanieal injury.

(2) Pendants and portable cords are exempt from this order.

Note: (1) The Wisconsin State Bullding Code deflnes assembly halls
ag inecluding all buildings or parts of buildings not included under
theaters where 100 or more persons assemble for entertainment, ingtruc-
tion, worship or dining purposes.

(2) Communication equipment, connected to communication lines
and all other communication, signal and low voltage control systems,
radio apparatus and similar apparatus are apecifieally covered in sec-
tions 13-725; 18-800 or 13-810.

D. Bus-bars and other open bare ungrounded conductors which

are elevated less than eight feet above floor or platform, shall be
enclosed by suitable guards.

Order 13-1103. Mandatory and Advisory Rules.

Mandatory rules of this Code are characterized by the use of the
word “shall.” Advisory rules are characterized by the use of the word
“should,” or are stated as recommendations of that which is advised
but not required.
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Order 13-1104. Special Chapters Amendatory of General Rules.

The provisions of Chapters 5, 6 and 7 of this Code are supple-
mentary to, or amendatory of, the general provisions of Chapters 1 to
4, inclusive, and the latter apply under such circumstances except
as so amended for particular conditions.

Order 13-1105. Mechanical Execution of Work,
Electrical equipment shall be installed in a neat and workmanlike
manner,

Order 13-1106. Mounting of Equipment.

Electrical equipment shall be firmly secured to the surface on which
it is mounted. Wooden plugs driven into holes in masonry, concrete,
plaster or similar materials shall not be depended on for seeurity.

Order 13-1107. Voltages.

Throughout this Code the voltage considered shall be that at which
the cireuit operates, whether the current is supplied by a battery,
generator, transformer or rectifier. (See Voltage. Order 1020)

Order 13-1108. Conductor Gauges,
Conduector sizes are given in American Wire Gauge (AWG).

Order 13-1109. Conductors.

Conductors normally used to carry current shall be of copper unless
otherwise provided in this code. Where conductor sizes are given in
this code, they shall apply to copper conductors. If other materials
are used, the size shall be changed accordingly. See Order 13-3106.

Order 13-1110. Deteriorating Agencies.

Unless approved for the purpose, no conductors or equipment shall
be located in a damp or wet location; where exposed to gases, fumes,
vapors, liquids, or other agents having a deteriorating effect on the
conductors or equipment; nor where exposed to excessive tem-
peratures.

Order 13-1111. Light and Power from Railway Conductors.

Circuits for lighting and power shall not be connected to any system
eontaining trolley wires with a ground return, except in electric rail-
way cars, car houses, power houses, or passenger and freight stations
operated in connection with electric railways.

Order 13-1112. Working Space About Electrical Equipment.

Suitable working space shall be provided and maintained about all
electrical equipment,

A. Hovizontal Dimensions. Bxcept as elsewhere required or per-
‘mitted in this Code, the horizontal dimensions of the working space
111 front of live parts, operating at not more than 600 volts, which
must be handled while alive, shall not be less than:
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1. For parts of more than 150 volts to ground on one side of the
working space and no bare live or grounded parts on the other side
of the working space, 2% feet.

2. For parts of more than 150 volts to ground on one side of the
working space and bare live or grounded parts on the other side of
the working space, 4 feet.

3. For parts of 150 volts or less to ground on one gide of the
working space and no bare live or grounded parts on the other side
of the working space, 13 feet.

4. For parts of 150 volts or less to ground on one side of the
working space and bare live or grounded parts on the other side of the
working space, 2% feet.

For higher voltages, see Section 13-710.

B. Clearr Spaces. Working spaces adjacent to exposed live parts
shall not be used as passageways.

C. Elevation of Equipment. The elevation of the equipment at least
8 feet above ordinarily accessible working platforms usually affords
protection at least equivalent to that provided by the horizontal
clearances of paragraph A and may be used in lieu thereof.

Order 13-1113. Guarding of Live Parts.

Except as elsewhere required or permitted by this Code, exposed
live parts of electrical equipment operating at 50 volts or more shall
be guarded against accidental contact by enclosure or by locating the
equipment as follows:

A. In a room or enclosure which is accessible only to qualified
persons;

B. On a suitable balcony, gallery, or platform, so elevated and
arranged as to exclude unqualified persons; :

C. Elevated 8 feet or more above the floor;

D. So that it will be protected by a guard rail if the equipment
operates at 100 volts or less.

For motors see order 13-4432.

Order 13-1114. Enclosure of Arcing Parts.
Parts of electrical equipment which in ordinary operation produce
arcs, sparks, flames or molten metal, shall be enclosed unless separated

and isolated from all combustible material. For hazardous locations
see Section 13-500. For motors see Orders 13—-4308 and 13-4310.

Order 13-1115. Interrupting Capacity.

Devices intended to break current shall have an interrupting
capacity sufficient for the voltage employed and for the current which
must be interrupted.

Order 13-1116. General Plans of Investigation.

Materials, devices, fittings, apparatus, and appliances designed for
use under this Code shall be judged chiefly with reference to the
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following considerations which also determine thfe classification by
types, sizes, voltages, current capacities, and specific uses:

A. Suitability for installation and use in conformity with the
provisions of this Code.

B. Mechanical strength and durability, including, for parts de-
signed to enclose and protect other equipment, the adequacy of the
protection thus provided.

C. Electrical insulation,

D. Heating effects under normal conditions of use and also under

abniormal conditions liable to arise in service.
E. Arcing effects.

Order 13-1117. Connections to Terminals.

Connection of conductors to terminal parts shall insure a thoroughly
good connection without damaging the conductors and shall be made
by means of pressure connectors (including set screw type), solder
lugs, or splices to flexible leads either soldered, brazed or welded,
except that No. 8 or smaller solid conductors and No. 10 or smaller
stranded conductors may be connected by means of clamps or screws
with terminal plates having upturned lugs. Terminals for more than
one conductor shall be of a type approved for the purpose.

Because of different characteristicse of copper and aluminum the
devices and fittings, such as pressure connectors, splices, solder lugs,
solders, and fluxes, employed where making connections, should be
suitable for the material of the conductor.

Order 13-1118. Splices.

. Conductors shall be so spliced or joined as to be mechanieally and
electrically secure without solder and, unless an approved splicing
device is used, shall then be soldered with a fusible metal or alloy or
brazed or welded. All splices and joints and the free ends of con-
ductors shall be covered with an insulation equivalent to that on the

conductors.

~ Order 13-1119. Insulation Resistance.

All wiring shall be so installed that when completed the system
1 be free from short-circuits and grounds, and in order that a rea-
onable factor of safety may be provided the following table of
hftion resistance is suggested as a guide where the insulation is
bjected to test.

1. For circuits of No. 14 or No. 12 Wire———eemeee—eo 1,000,000 ohms

- gireuits of No. 10 or larger conductor, a resistance based upon the
le current-carrying capacity of conductors as fixed in Tables 1
2 of Chapter 10, of this code as follows:

b 50 amperes, inclusive £ 450,000 ohms

0 amperes, inclusive T e e e 100,000 ohms
200 amperes, inclusive _____ 50,000 ohms
iEgmneregcdneloaive o 25,000 ohms
800 amperes, inclusive ___ e 12,000 ohms
0 amperes __ 5,000 ohms

above values shall be determined with all switchboards
8, fuseholders, switches and overcurrent devices in place.
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3. If lampholders, receptacles, fixtures, or appliances are also con-
neected, the minimum resistance permitted for branch cireuits supplying
same shall he one-half the values specified in paragraph 1.
4, Where climatic conditions are such that the wiring or equipmeni
is exposed to excessive humidity, it may be necessary to modify the

foregoing provisions.

Order 13-1120, Marking.
The maker’s name, trademark, or other identification symbol shall

be placed on all electrical equipment. Other markings shall be pro-
vided giving voltage, current, wattage, or other ratings as are pre-

seribed elsewhere in this Code.
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Chapter 2. Wiring Design and Protection

SECTION 13-200. POLARITY IDENTIFICATION OF SYSTEMS
AND CIRCUITS

Order 13-2001. General.
All interior wiring systems, except as provided in Orders 13-2007,

18-2512, 13-2514, 13-2515, 13-2516, 13-2517 and 13-5083 shall have a
grounded conductor which iz continuously identified throughout the
system, except as permitted by paragraph B of order 13-2005.

Order 13-2002, Connection to Grounded System.

No interior wiring shall be electrically connected to a supply system
unless the latter contains, for any grounded conductor of the interior
system, a corresponding conductor which is grounded.

Order 13-2003. Circuits Derived from Auto-Transformers.
Branch cireuits as described in Section 13-210 shall not be supplied
through auto-transformers (transformers in which a part of the wind-
ing is common to hoth primary and secondary circuits) unless the
system supplied has an identified grounded conductor which is solidly
connected to a similar identified grounded conductor of the system

supplying the auto-transformer,

Order 13-2004. Connections to Serew-Shells.
An identified conductor, if run to a lampholder, shall be connected

to the screw-shell.
Order 13-2005. Means of Identification of Conductors.
Identification for conductors shall be secured as follows:

A. Insulated conductors of No. 6 or smaller, except conductors
the weatherproof type, shall have an outer identification as specified
paragraph D of Order 13-93101.

~B. Insulated conductors larger than No. 6, and weatherproof con-
rs of all sizes if used indoors, shall have an outer identification
cified in Paragraph D of Order 13-93101, or shall be identified
iinctive marking at terminals during process of installation.
exible c¢ords shall be identified as provided in Order 13-94002,
. If, on a 4-wire delta-connected secondary, the midpoint of one
s grounded to supply lighting and similar loads, that phase
ctar having the higher voltage to ground shall be identified by
; or other effective means at any point where a connection is
ade if the neutral conductor is present.

006. Identified Conductor in Identified Cireuits Only,

ors having white or natural gray covering shall not be
* than as conductors for which identification is required by
001, except under the following conditions, and then only
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if they arve, in other respects, suitable for use as ungrounded con-
ductors in the circuit:

A, Identified conductors, rendered permanently unidentified by
painting or other effective means at each outlet where the conductors
are visible and accessible, may be used as unidentified conductors.

The foregeing permits the use of two-wire cable having one black and
one white conductor on two wire circuits tapped from the outside legs
of a three-wire system or any two conductors of a multi-wire system if

the identified conductor of the two-wire cable is rendered permanently
unidentified at terminals.

B. Cable containing an identified conductor may be used for
single-pole, three-way or four-way switch loops if the connections are
so made that the unidentified conductor is the return conductor from
the switch to the outlet.

This exceplion makes it unnecessary to paint the terminal of the
identified conductor at the switeh outlet.

C. A flexible coxd, for connecting a portable appliance, having
one conductor identified as required by Order 13-94002 may be used
even though there is no grounded conductor in the circuit supplying
the outlet to which it is connected.

Order 13-2007., Unidentified Circuits.

Two-wire branch eirenits and multi-wire A.C. circuits may be tapped
from the ungrounded conductors of circuits having identified grounded
neutrals. Switching devices in such circuits shall have a pole in each
ungrounded conductor, except as provided for motor controllers in
Order 13-4384, Polyphase circuits need not have one conductor
grounded and identified, except as required by Order 13-2514, but if
one conductor is grounded it shall be identified. Other unidentified
ungrounded systems or circuits may be used only by special per-
mission.

Order 13-2008, Identification of Terminals.

All devices provided with terminals for the attachment of con-
ductors and intended for connection to more than one side of the cir-
cuit shall have, unless specifically excepted, a pair of connecting ter-
minals properly marked for identification, unless the electrical connec-
tion of a terminal intended to be connected to the grounded conductor
is clearly evident.

A. Panelboards and Devices. The terminals of lighting panelboards
and of devices having a normal current rating of over 30 amperes
need not be marked for identification, except as required in para-
graphs E and F of this order for polarized receptacles for attachment
plugs and polarized attachment plug caps.

B. Utilization Appliances. The terminals of utilization appliances

need not be marked to indicate the proper connection to the grounded
conductor. If the terminals of utilization appliances, of which single-

pole switches form an integral part, ave marked for identification, the

terminal connected to the switch shall be the unidentified terminal.
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C. Portable Appliances. The terminals of portable appliances need
not be marked for identification.

D. Single-pole Devices. Devices, to the terminals of which only one
side of the line is connected, need not have terminals marked for
identification.

E. Two-wire Receptacles and Caps. Two-wire attachment plug re-
ceptacles without screw-shells, and two-wire attachment plug caps,
unless of the polarity type, need not have their terminals marked for
identification. Two-wire polarized receptacles for attachment plugs
and polarized attachment-plug caps shall have the terminal inten_ded
for commection to the grounded conductor marked for identification.

F. Thiree-wire Receptacles and Caps. Three-wire attachment plug
receptacles and three-wire attachment-plug caps, one terminal of
which may be used for the connection of a grounding conductor, shall
have such terminal identified in a manner differing from that specified
in Order 13-2009. The other terminals need not be marked for
identification. .

G. Serew-shells. In the case of devices with screw-shells, the iden-
tified terminal ghall be the one connected to the screw-shell. This does
not apply to serew-shells which serve as fuseholders,

H. Serew-shell Devices with Leads. In the case of screw-shell de-
vices with attached leads, the conductor attached to the screw-shell
shall have white or natural gray finish. The outer finish of the other
conductor shall be of a solid color that will not be confused with the
white or natural gray finish which is to indicate the grounded con-
ductor.

Order 13-2009, Means of Identification of Terminals,

The marking of terminals shall be done by means of a metallic
plated coating substantially white in color, as nickel or zine, or the
:-t_am‘ninals may be of material substantially white in color. The other
terminals shall be of a readily distinguishable different color.

SECTION 13-210. BRANCH CIRCUITS
GENERAL

The provisions of this section shall apply to branch circuits supply-
r lighting or appliance loads or combinations of such loads. If
o018, or motor-operated appliances, are connected to any cireui
plying lighting or other appliance loads, the provisions of both this

nch circuit supplies only motor loads.

_13—210&. Other Provisions.

Dbrovisions applying to branch cireuits referred to in the fol-
 table are exceptions to the provisions of this section or are
tary thereto, and shall apply to branch circuits supplying
referved to therein:
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Section or Order
Busways o _________ T e e AT A 13-3647
Siaes 88 BB o e e 13-6142
e o o L iy s 13-6251
Infra-red Industrial Heating Bquipment _______________________ 13-4237
Tnduction and Dielectric Heat Generating Equipment ____Section 13-665
Instruments . e e L e e 13-938423
MBS e ln e M L Section 13-430
L 136506
Remote-Control, lLow-TEnergy Power and Signal Circuits _Seetion 13-725
Signs and Outline Lighting ________________ """ 136008
Sound Recording and Reproduction _______________________.__ 136406

Systems over 600 Volts e A S S e s ] 13-T141 to 13-7144
Systems under 50 Volts o R L e 13-7204
Theatres and Similar Occupancies ——mee—— 135241, 13-5286, 13-5292
ol b e —_Section 13-630

Order 13-2103. Classification.

Branch cireuits recognized by this section shall be classified in
accordance with the maximum permitted rating or setting of the over-
current device, and the classification for other than individual branch
civeuits shall be 15, 20, 30 and 50 amperes. When conductors of larger
size are used to provide for voltage drop, the rating or setting of the
specified overcurrent device shall determine the circuit classification.

GENERAL PROVISIONS

Order 13-2111. Multi-Wire Branch Circuits.

Branch cireunits recognized by this section may be installed ag multi-
wire circuits. A multi-wire branch ecircuit as referred to herein is
a cireuit consisting of two or more ungrounded conductors having
a potential difference between them, and an identified grounded con-
ductor having equal potential difference between it and each un-
grounded conductor of the ecircuit and which is connected to the
neutral conductor of the system.

Order 13-2112. Color Code.

If installed in raceways, as open work, or as concealed knob and
tube work, the conductors of multi-wire branch circuits and two-wire
branch cireuits connected to the same system shall eonform to the
following color code. Three-wire circuits—one black, one white, one
red; four-wire circuits—one black, one white, one red, one blue; five-
wire circuits—one black, one white, one red, one blue, one yellow.
If more than one multi-wire branch circuit is carried through a single
raceway the ungrounded conductors of the additional civeuit may be
of colors other than those specified. All circuit conductors of the
same color shall be connected to the same ungrounded feeder con- .
ductor throughout the installation.

Order 13-2113. Voltage.

Branch circuits supplying lampholders, fixtures, or receptacles of
the standard 15-ampere or less rating shall not exceed 150 volts to
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¥ 1) in industrial establishments the voltage may ex-
fé:é: ni(:i’(}?{fﬁgtté g?round, but shall not exceed 300 volts to gmun.d f:g
branch circuits supplying lighting fixtures only tha-t are eq]llnll:l?g -
! either with mogul-base screw-shell lampthIders or with lanllp oth .
of other types approved for the applicatlo‘n, mounted not e_sst al
8 feet from the floor, which do not have sw1.tch control as an in ggé':r
part of the fixture; (2) in railway propez_'tles ag .des_cnbed c1111 r?bed
18-1111; (3) for infra-rved industrial he_s.tmg appliances as deseri :
in Order 13-4237. In dwelling occupancies, the voltage betweer; clcg;
ductors supplying lampholders of the screw-shell type, recep :;: é
or appliances, shall not exceed 150 volts, except that the :(:1 ag-
between conductors supplying only, (1) permanently conrtxfc e : ?:?)
pliances, or (2) portable appliances of more than 1,380 watts, ox o
portable motor-operated appliances of % horsepower or grea

rating may exceed 150 volts.

Order 13-2114. Heavy-Duty Lampholders. .

Heavy-duty lampholders as referred to in this section shall ﬁnilil‘xde
Fdison-base lampholders of the mogul type,. am.:l other lz.tmp of ﬁi
devices required for lamps exceeding the maximum rating o
medium-base lamp as provided in Order 13-94103.

Order 13-2115. Branch Circuits Required.

Branch cireuits shall be installed as follows: '

A. Lighting and Appliance Circuits. For lighting,. and for.al?t]_:l)h(i
ances, including motor-operated appliances, not gpeclﬁcally provi ted
for in paragraph B, branch circuits shall be provided for a compute
load not less than that determined by Order 13-2116. .

The number of circuits shall be not l(?ss tharT thlat determined
from the total computed load and the capamt'y of circuits to be use‘ii
but in every case the number shall be sufficient for the actual loa
to he served. ) .

Where the load is computed on a “watts per square foot l::ams,
the total load, in so far as practical, shal} be eve.nly proportioned
é;rﬁoné the branch circuits according to their capacity.

: i ; erate at other than 100 per cent
'n'a];lgf];.t::]ogr:, tt;taps.?‘ag'?a;r;ftglsrd OOIF"dm‘ 13-2125 for maximum ampere
permitted on branch circuita.

Fur' general illumination in dwelling occupancies, it is recommended
t not less than one branch cireuit be installed for each 500 square
f floor area in addition to the receptacle circuit called for in
aph B, below, )

Hée.ﬁxamples No. 1, 2, 3 and 4, Chapter 10.

B. Receptacle Circuits (Dwelling Occupancies). For the small ap-
ce load in kitchen, laundry, pantry, dining room and breakfast
of dwelling occupancies, one or more branch circuits shall I:JE',
ded for all receptacle outlets (other than outlets for clocks) in
rooms and such circuits shall have no other outlets. The con-
of such cirenits shall be not smaller than No. 12.
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C. Other Circuits. For specific loads not otherwise provided for in
paragraphs A or B, branch circuits shall be as required by other
sections of the code.

Order 13-2116. Calculation of Load.

The branch cireuit load for lighting and appliances shall be com-
puted in accordance with the provisions of this order. Where in
normal operation the maximum load of a branch cireuit will con.
tinue for long periods of time, such as store lighting and similar
loads, the minimum unit loads specified in this order shall be in-
creased by 25 per cent in order that the wiring system may have
sufficient branch cirenit and feeder capacity to insure safe operation,

A. General Lighting. For general illumination:

1. In Listed Occupancies. In the occupancies listed in the table
in Order 13-2208, a load of not less than the unit load of Column A
shall be included for each square foot of floor area.

In determining the load on the “watts per square foot” basis,
the floor area shall be computed from the outside dimensions of the
building, apartment or area involved, and the number of floors; not
including open porches, garages in connection with dwelling occu-
pancies, nor unfinished spaces and unused spaces in dwellings unless
adaptable for future use. ;

All receptacle outlets of 15-ampere or less rating in single-family
and multi-family dwellings and in guest rooms of hotels (except
those connected to the receptacle cireuits specified in paragraph B
of Order 18-2115) may be considered as outlets for general illumina-
tion, and no additional load need be included for such outlets. The
provisions of paragraph B of this order shall apply to all other
receptacle outlets,

2. In Other Occupancies: In other occupancies, a load of not less
than the unit load specified in paragraph B of this order shall be
included for each outlet,

B. Other Loads. For lighting other than general illumination and
for appliances other than motors, a load of not less than the unit load
specified below shall be included for each outlet.

*Outlets supplying specific appliances and other loads.
e ---Amp, rating of appliance

Outlets supplying heavy-duty Iampholders .ooecewoio oo b amperes
HOother ontlelyy oo e T 1% amperes

* For motors, see Orders 13-4314 and 13-43146.

I This provision not applicable to receptacle outlets connected to the
circuits specified in paragraph B of Order 13-2115 nor to rece{:tscle
outlets provided for the connection of fixed lighting units to fac litate
servicing and replacement,

C. Ewceptions. The minimum load for outlets specified in paragraph
B shall be modified as follows:
1. Ranges. For household electric ranges, the branch cireuit load
may be computed in accordance with Table 29, Chapter 10.
2. Show-Window Lighting. For show-window lighting a load of
not less than 200 watts for each linear foot of show-window, measured
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in li ified
horizontally along its base, may be allowed in lieu of the specifie
er outlet. ) .
i 3p Multi-Outlet Assemblies. Where, in other Ii;ll'.mn dreliﬁi;:,:;
y tels, fixed multi-outlet assemblies are er > ]
e Sty . rate and continuous
A thereof of each separa
each five feet or fraction e
ider tlet of not less than
th shall be considered as one ou ! am
lengacit:f' except in locations where a number of apphance? ali}]ﬂ;:?;
:jpbe us,ed simultaneously, when each one foot or fraction the
shall be considered as an outlet of not less tlllan 1% ampere:l. .
4. Telephone Exchanges. Shall he wawedhfcr manu
s itchi i anges,
3 d switching frames in telephone exc : )
11loaﬂ: d;a':;rslting Installations. Additions to existing installations shall
. to the following: . . -
confclmr]l)\;ellmg Occupancies. New circuits or extensions to iastfng
ircui.ts may be determined in accordance \:nth paragraphs : c{;ﬁ_
zf this order; except that portions of existing structqiﬁs n:f lehich
iti ildi tructure, either
ivred, or additions to the building s ) : ;
2§:L);d:1§00, square feet in avea, shall be determined in accordance
i ragraph A of this order. g "y
mtthazlz‘ﬁ:r IJTha.n Dwelling Occupancies. When ad;ilmg new cix ctflel;s
tensi isti ireuits in other than dwelling occupancies,
xtensions to existing cireuits in o t ;
‘l:lieeprovisions of paragraphs A or B of this order shall apply.

SPECIFIC REQUIREMENTS

Order 13-2121. Conductors. o
ireuit conductors shall conform to the fo owing:

iu%lc:m;?ing Capacity. Shall have a carrying capacity of noi’; less
thar; the rating of the branch circuit and not less than the maximum
load to be served. L
195;3 Min‘:imum Size. Shall be not smaller than No. 8 for ranges of
8% kw or more rating, nor smaller than No. 14 for other loads.

'8ee paragraph B of Order 13-2115.

C. Exceptions: ‘

y i R:l?:ge Loads. See Note 5 of Table 29, Chapter 10. Where the
‘ “maximum demand of a range of 8% kw or more rating is computed.
f 'Tlgcﬁnrding to Column A of Table 29, Chapter 10, the neutral cc.mductm
of '.a.':':fhrae-'wim branch cireuit supplying a household electric range
'may be smaller than the ungrounded conductors but s%mll have. a
éﬁrry g capacity at least 70 per cent of the current-carrying capacity
@ imgrou.nded conductors and shall not be smaller than No. 10.
le aszemblies with the neutral conductor smaller than the
rounded conductor shall be so marked.
Taps. Taps to individual lampholders or ﬁxt?res, taps not
 inches long to individual outlets, or taps to infra-red lamp
trial heating appliances, may be of less capacity than the branch
\' rating; but not less than the load to be served, and‘ not' smaller
12 for 50-ampere circuits and No. 14 for other cireuits.
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3. Fixture Wires and Cords. Fixture wires and cords may be of
smaller size, but not less than the size specified in paragraph D of
Order 13-2403,
See Table 3, Chapter 10, for the carrying capacity of fixture wires
and cords,
4. Outlet Devices. Outlet devices may have less
than the branch cireuit rating, but not less than the
specified in paragraphs A and B of Order 13-2128.

Order 13-2122. Overcurrent Protection,

The rating or setting of overeurrent devices shall conform to the
following':

A. Rating. Shall not be in -excess of the carrying capacity of the
cireuit conduetor.

B. Single Appliance. Shall not exceed 150 per cent of the rating
of the appliance, if the cirenit supplies only a gingle appliance of
10-ampere or more rating,

C. Exceptions:

1. Taps and Fixture Wires. Taps, fixture wires and cords as
permitted in paragraph C of Order 18-2121 may be considered as

protected by the cireuit overcurrent device,

Order 13-2123. OQutlet Devices.

Outlet devices shall conform to the following:

A. Lampholders, Lampholders shall have a rating of not less than
the load to be served ; and when connected to cirenits having a rating
of over 20 amperes shall be of the heavy-duty type.

B. Receptacles, Receptacles shall have g rating of not less than
the load to be served ; and when connected to circuits having two or

"more outlets shall conform to the following:

carrying capacity
types and ratings

o R | ——————— Not over 15-amp, rating
s o 15 or 20-amp, rating
Sh-amp. GRS wooy,, T TR 20 or 30-amp. rating
oL — S ——— 50-amp, rating

Receptacles connected to circuits of more than 150 volts between
conductors shall be of such design that attachment plug eaps used on
circuits of other voltages on the same premises cannot be inserted in
them,

Receptacles rated at 15 amperes connected to 15 and 20 ampere
branch circuits serving two or more outlets shall not supply a total
load in excess of 12 amperes for portable appliances,

C. Ezceptions:

1. Range Loads. See Note 5 of Table 29, Chapter 10,

Order 13-2124, Receptacle Outlets Required,

Receptacle outlets shall be installed as follows: _

A. General, Where portable cords are used, except where the attach-
ment of cords by other means is specifically permitted,

A cord connector that is supported by a permanently connected cord
pendant is considered a receptacle outlet.
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B. Dwelling Type Occupancies. In every kitchen, dining .1-o?m,
breakfast room, living room, parlor, library, den, sun room, dlfi;u;a-.
tion room and bedroom, one receptacle outlet shall be provide ‘ 0)1
every 20 linear feet or major fraction thc.areof of the total (glﬁsst
distance around the room as measured horiz.ontally along th.e \ET. E
the floor line. The receptacle outlets shall, insofar as practlcah (lai he
spaced equal distances apart. At least one 1‘e(.:eptacle ou‘tlet s at le
installed for the connection of laundry appllflnces. This rlecep ts;,ctg
shall be of a 3-pole type designed for groundu.lg. Recepta(‘: efmtl e ¢
in floor shall not be counted ag part of the requirved number of recep
tacle outlets unless located close to the wall.

See Examples 1, 2 and 4, Chapter 10,

Order 13-2125. Maximum Load. .
imum load shall conform to the following:
i%leMn:?j;‘lEperated Appliances, The t9tal load shall not excle.,ed 80
per cent of the branch circuit rating if moto1‘~0perated. app 113.1':(:;83
are supplied. If circuit supplies only motor-operated appliance loads,
1 - is to apply. e
Se;it.mgtizr‘iggalgs. Tthtgtal load shall not exceefl the branf:h clrcu;:
rating, and shall not exceed 80 per cent of theE rating wheretln‘m])}?n;t_
operation the load will continue for long periods guch_ as § (_);e lﬁ'ich
ing and similar loads. In computing the load of lighting ual:; sh":] e
employ ballasts, transformers or autf)-tra.nsfonners,. the I((i} : i
;Based on the total of the ampere rating of such units and not on

wattage of the lamps.

O, Exceptions:
1. Range Loads. See Note 5 of Table 29, Chapter 10.

Order 13-2126. Permissible Loads. -
Individual branch cireuits may supply any loads. Branch-cu'cmts
‘having two or more outlets may suppl'y o:}ly lua:ds as follm:vs. ‘

] A. 15- and 20-Ampere Branch Cireuits. Lx.ghtmg units and/ox
1*: appliances. The rating of any one portable appliance shal.] not exceeg
"':-..ﬁﬁn:[ier cent of the branch circuit rating. The total rating of fixe

ipliances shall not exceed 50 per cent of the bl'anch‘circuit rating

?p]lg‘hhng units or portable appliarfces are a.lso sul?ph(-ad. B

. 30-Ampere Branch Circuits. Fixed lighting units in other ;

' g occupancies; or appliances in any occupancy. The rating o

¥ one portable appliance shall not exceed 24' amperes. g

y 50-Ampere Branch Circuits. Fixed lighting units in other than
oceupancies; or fixed cooking appliances; or ﬁxo‘ad range and

heater; or infra-red lamp industrial heating appliances.

rm “fixed" as used in this order recognizes cord connections

otherwise permitted.

2127, Table of Requirements.

i * eireui i q tlets (other
requirements for circuits having two or more ou
Teceptacle circuits of paragraph B of Order 13-2115) as
‘provided for above are summarized in the following table:
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Branch Circuit Requirements
(Type R, RH, RW, RU, RUW, T, and TW conductors in raceway or cable)

CIRCUIT RATING 15 Amp. 20 Amp. 30 Amp. 50 Amp.
CONDUCTORS:
e
uit Wires 14 12 1
Taps - 14 14 12 lg
Fixture Wires and Cords
OVERCURRENT
PROTECTION 15 Amp, 20 Amp. 30 Amp. 50 Amp.
DUIELEE‘ 1EEVICES:
mpholders Permitted Any Type Any Type H Dut; H, D
Receptacle Rating Max. 15 or }210) ezl:]v?;r 31151 ¥ %%vim;ty
15 Amp. Amp. Amp.
MAXIMUM LOAD 15 Amp. 20 Amp. 30 Amp. 50 Amp.

PERMISSIBLE LOAD Order 1?;2126 Order 13‘&2126 Order 13-2126 Order 18-2126
B C

SECTION 13-220—FEEDERS

Order 13-2201. Feeder Size.

Feeder conductors shall be not smaller than specified in Tables 1
and 2 of Chapter 10 for the computed feeder load as determined by
Qrde:f' 13-2203. A 2-wire feeder supplying two or more 2-wire branch
c}rcuzts, or a 3-wire feeder supplying more than two 2-wire branch
circuits, or two or more 3-wire branch cireuits, shall be not smaller
tha:n. No. 10. If a feeder carries the total current supplied by the
service-entrance conductors, such feeder, for services of No. 8 and
smaller, shall be of the same size ag the service-entrance conductors,

If at any time it is found that feeder conductors will be, or are,
overl‘oaded, the feeder capacity shall be increased to comply with the
provisions of Tables 1 and 2 of Chapter 10 for the actual load served,

See Examples Nos, 1 to 7 of Chapter 10.

Order 13-2202. Voltage Drop.

The size of the feeder conductors should be such that voltage drop
up to the .ﬁnal distribution point for the load as computed by order
18-2203 will not be more than 3 per cent for power loads, and not

more than 1 per cent for lighting loads or combined lighting and
power loads. :

Order 13-2203. Calculation of Load,

The compu.ted load of a feeder shall be not less than the sum of :
all branch cireuit loads supplied by the feeder, as determined hy
Order 13-2116, subject to the following provisions

eral illumination. It is not intended that these demand factors b

applied in determining the carrying capacities of branch circuits for
general illumination supplied by the feeders. '

See paragraph C.

ELECTRICAL CODE—ORDER 13-2203 43

Unit Loads and Feeder Demand Factors

The unit values and the demand factors herein are based on minimum
load conditions and 100 per cent power factor, and may not provide
sufficient capacity for the installation contemplated.

In view of the trend toward higher intensity lighting systems and
incereased loads due to more general use of fixed and portable appliances,
each installation should be considered as to the load likely to be imposed
and the capacity increased to insure safe operation,

Where electric discharge lighting systems are to be installed, high
power-factor type should be used or the conductor capacity may need
to be increased.

COL. A COL. B
Unit Load Load to which Demand
Per 3q. Ft. ‘Demand Factor Factor
Type of Oceupancy (Watts) Applies (Watts)
Armories and Auditoriums 1 Total Wattage 100%,
Banks 2 Total Wattage 1009,
Parber Shops and Beauty Pa-lors 3 Total Wattage 1009,
Churches 1 Total \_’u:;at.tage 1009,
Clubs 2 Total Wattage 1009,
Court Rooma 2 Total Wattage 100Y%,
Dwellings—(Other than Hotels) ¥ 3,000 or less 1007
Next 117,000 359,
Oyer IEJ.()I)O 26%
Garages—Commercial (storage) 15 Total Wattage 100%,
Hospitals 2 50,000 or less 40%, 1
g Over 50,000 209,
Hotels, ineluding apartment houses without 20,000 or less 50%T
provisions for cooking by tenants 2% Next 80,000 40%,
Ower 100,000 30%,
Tndustrial Commercial (Loft) Buildings 2 Total Wattage 100%
Lodge Rooms 114 Total Wattage 100%,
Office Buildings 2 20,000 or less 100%
2 : Over 20,000 0%,
Hestaurants 2 Total Wattage 100%
Schools 3 15,000 or less 1009,
Over 15,000 50%
Stores e Total Wattage 100%
rehouses Stora 12,500 or less 100
WQ -4 . % Over 12,500 kA
Ih any of above oceupancies except single-
W dwellings and individual apartments
of multi-fami dwellinin: .
Assembly Halls and Auditoriums i Total Wattage as specified for
’ alls, Corridors, Closets 14 the specifiec occupancy
torage spaces £

*ﬁnﬁ'_namfrn h C of this order.

For eeders to areas in hospitals and hotels where entire lighting is likely to be used at

time; asdin operating rooms, ballrooms, dining rooms, ete., a demand factor of 100 per cent
e used.

. Show-Window Lighting. For show-window lighting, a load of
less than 200 watts shall be included for each linear foot of
w-window measured horizontally along its base.

Small Appliances. The small appliance load specified in sub-
ph C-1, and the computed branch cireuit load for receptacle
in other than dwelling occupancies, for which the allowance
more than 1% amperes per outlet, may be included with the
al lighting load and subject to the demand factors in paragraph

ig order. X

v Dwelling Occupancies. In single-family dwellings, in indi-
‘apartments of multi-family dwellings having provisions for
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cooking by tenants, and in each hotel snite having a serving pantry;
a feeder load of not less than 1,500 watts shall be included for small
appliances (portable appliances supplied from receptacles of 15-
ampere or less rating) in dining room, kitchen and laundry. If the
load is subdivided through two or more feeders, the computed load
for each shall include not less than 1,500 watts for small appliances,

D. Electric Ranges. The feeder load for household electric ranges
and other cooking appliances, individually rated more than 1% kw,
may be calculated in accordance with Table 29, Chapter 10.

In order to provide for possible future installation of ranges of higher
ratings, it is recommended that where ranges of less than 8% kw rat-

ings are to be installed, the feeder capacity be not less than the max-
imum demand value specified in Column A of Table 29, Chapter 10,

Where a number of ranges ave supplied by a 3-phase, 4-wire
feeder, the current shall be computed on the basis of the demand of
twice the maximum number of ranges connected between any two
phase wires.

Bee example No, 7, Chapter 10,

E. Fized Appliances (Other thanm Ramges). Where four or more
fixed appliances, in addition to an electric range or ranges, arve con-
nected to the same feeder in a single or multi-family dwelling, a
demand factor of 75 per cent may be applied to the fixed appliance
load, not including the electric ranges.

F. Motors. For motors, a load computed according to the provi-

sions of Orders 13-4814, 13-4315 and 13-4316 shall be included.
- G. Neutral Feeder Load. The neutral feeder load shall be the max-
imum unbalance of the load determined by Order 18-2203. The max-
imum unbalanced load shall be the maximum connected load between
the neutral and any one ungrounded condunctor; except that the load
thus obtained shall be multiplied by 140 per cent for 5-wire, 2-phase
systems. For a feeder supplying household electric ranges, the max-
imum unbalanced load shall be considered as 70 per cent of the load
on the ungrounded conductors, as determined in accordance with
Column A of Table 29, Chapter 10. For 3-wire, D.C. or single-phase
A.C., 4-wire 3-phase and 5-wire 2-phase systems, a further demand-
factor of 70 per cent may be applied to that portion of the unbalanced
load in excess of 200 amperes.

See Examples 1, 2, 3, 4 and 5, Chapter 10,

Order 13-2204. Commeon Neutral Feeder,

A common neutral feeder may be employed for two or three sets
of 3-wire feeders, or two sets of 4-wire or 5-wire feeders. When in
metal enclosures, all conductors of feeder cireuits employing a com-
mon neutral feeder shall be contained within the same enclosure as
provided in Order 13-3018.

Order 13-2205. Diagram of Feeders.

If required by the authority enforcing this code, a diagram showing
feeder details shall be supplied previous to installation. This diagram
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should show: Area in square feet; load (before applying dlemand fac-
tors) ; demand factors selected; computed load (after applying demand
factors); and the size of conductors.

SECTION 13-230. SERVICES
GENERAL REQUIREMENTS

Order 13-2301. One Set of Service Conductors Only.
In general, a building shall be supplied through only one set of
gervice conductors, except:

A. Where more than one service drop is permitted by Order
13-2321.

B. Buildings of multiple occupancy may have two or more
separate sets of service entrance conductors which__are tapped from
one service drop, or two or more sub-sets of servme_entrance con-
ductors may be tapped from a single set of main service conductor.s..

C. In a single oecupancy, where a set of service conductors is
already installed for one class of use, one additional set may be
installed for a different class of use. (See 13-2351B and 13-2371A4)

Order 13-2302. Service from One Building Through Another.

No overhead service, no underground service, and no service from
an isolated plant shall supply one building through another, unless
such buildings are under single occupancy or management. Conductors
in conduit or duct placed under at least two inches of cuncrt_ete beneath
a building, or buried in two inches of brick masonry or in concrete
within a wall, shall be considered outside the building.

Order 13-2303. Insulation of Service Conductors.

Service conductors extending from the service entrance to "the first
pole shall have an insulating covering which will normally wilthstand
gipusure to atmospheric and other conditions of use and which shall
prevent any detrimental leakage of current to adjacent conductors,
objects, or the ground.

A, Uninsulated Neutral, In the case of service conductors that have
a nominal voltage to ground of not move than 208 volts, a grounded
installed.

" B. Underground. Except as provided in paragraph A, underground
service eonductors up to the point of attachment to service equipment
11 be covered with rubber, cambrie, thermoplastic, paper or other
proved insulating material. Serviee conductors installed under-

lastic-covered. All open individual econductors shall be rubbeir-
ed, thermoplastic-covered, or weather-proof (type WP).
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D. On Eazterior of or Entering Buildings. Except as provided in
paragraph A, service conductors extending along the exterior of or
entering buildings shall be rubber-covered or thermoplastic-covered
if in raceways, or in service cables, Open individual eonductors which
enter the building shall be rubber-covered or thermoplastic-covered;
but where on the exterior of the building only may he weatherproof
(type WP).

Order 13-2304. Size of Service Conductors,

Service conductors shall have adequate current-carrying capacity
to safely conduet the current for the loads supplied without a tem-
perature rise detrimental to the insulating covering of the conductors,
and shall have adequate mechanical strength,

A. Service Entrance Conductors. Service entrance conductors, in-
cluding underground services, shall have a eurrent carrying eapacity
sufficient to carry the load as determined by Order 18-2208, and in
accordance with Tables 1 and 2 of Chapter 10. Service entrance
conductors supplying installations of three or more branch circuits
shall consist of at least two No. § insulated conductors and one No, 8
bare conductor. Installations having only one or two branch circuits
may be served by two No. 8 conductors, The neutral of the service
entrance conductors shall have a current carrying capacity in con-
formity with Order 13-2203, and shall be the same size as the
ungrounded conductor when the ungrounded conductors are No. 8.

B. Service Drops. Conductors in service drops shall be not smaller
than No. 10 if of soft copper, or No. 12 if of medium or hard drawn
copper. -

Order 13-2305. Service Entrance Conductors without Splice,

Service entrance conduetors shall be without splice except as
follows:

A. Clamped or bolted connections in a meter enclosure are per-
mitted.

B. Taps to main service conductors are permitted ag provided in
sub-paragraph B of Order 13-2801, or to individual sets of service
equipment as provided in sub-paragraph A of Order 13-2351.

C. A conmnection is permitted, if properly enclosed, where an un-
derground service conductor enters a building and is to be extended
to the service equipment or meter in another form of approved service
raceway or service cable.

- D. A connection is permitted where service conductors are ex-
tended from a service drop to an outside meter loeation and returned
to conneet to the service entrance conductors of an existing
installation.

E. For extending existing services, special DPermission to make

splices in fittings of the service run and to extend existing wire size
may be granted,
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Order 13-2306. Conductors in Service Raceway. . L
Conductors other than service cond_uctm's_, grounding (3011;1 mtect,ion

control econductors from time switches having overcurrent p 1

shall not be installed in the service raceway. —
Water heater leads are to be considered as service entrance co

and from the
Note: Where a meter is located on a pole the w?r\_«as\t:“;rfumc e
ter l'na.y be installed in the same raceway if Hi:\.’lc.&. s t
. i ildi i g s pole,
::’1191181: is provided at each building supplied from this j

UNDERGROUND SERVICES

i *rotection.
Order 13-2311. Mechaniecal Pro . )
1’Undel'g*ro‘u.nd gervice conductors shall be p‘rot_ected aga.mstfmet::l::.;e
ical injury by being installed in duet, conduit, in the form of a
approved for the purpose or by other approved means.

i Poles.
Order 13-2312. Protection on .
If 1;nde1'ground service conductors are carrle_\:d up la 1;01; fti;i
mechanical protection shall be installed to a point at leas

above the ground.

Order 13-2313. Protection Where Entering Bulldmg.. ‘ -
Where underground service conductors ente‘r a hu‘llgmgl,)le cznduit
have mechanical protection in the form of rigid or et:in i aT;
electrical metallic tubing, auxiliary gutters, Fh?r 1m et B o
e cgbil:e, t?ﬁ Gthe;: a£1f‘;§idtﬁei::;riceliquipment unless
i 11 extend to the enclosur : : :
' i;cehzzz-i}i]:e switeh is installed on a smtchboard,lmd “;l;::;‘ezasceana:
{ bushing shall be provided whiclll, exce_pt where lea
' ductors are used, shall be of the insulating type.

Order 13-2314. Sealing End of Raceway. _
. l.Whtere a service raceway or duct enters from an underground d}:h
tribution system, the end within the building shall }'Je seale.d wi
Euit‘abla compound so as to prevent the entrance of moisture or gases.
Spare or unused duects shall also be sealed.

SERVICE DROP CONDUCTORS

| O : Drops.

Order 13-2321. Number of N

" No building shall be supplied from the same transformer ;; }?1 fm:;
“the .-éa:me secondary distribution system, through more an o
ce drop, except as follows: ‘ .
A F*i're’ Pumps. If a separate service is required for fire pumps.
B. Emergency Lighting. If a sepavate service is required for
' ency lighting purposes. ' .
Capuacity Requirements. If capacity requirements make mul-
e services desivable.
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D. Buildings of Large Area. By special permission, if more than
one service drop is necessary due to the area over which a single
building extends.

E. Multiple Oceupaney Buildings. By special permission, in mul-
tiple occupaney buildings where there is no available space for service
equipment accessible to all of the occupants,

F. Additional drops may be supplied if they are necessary because
of voltage regulation, consumer classification or regulatory orders.

Note: On a farm or any place that must depend partially or wholly
upon a local motor driven pump for fire protection, it is advisahble to

connect that motor in such a way that the opening of other than its
own circuit protection will not interrupt service to the pump.

Order 13-2322, Clearance of Service Drop.

Service drops shall not be readily accessible and shall eonform to
the following: ;

A. Clearance Ouver Roof. Conductors shall have a clearance of not
less than 8 feet from the highest point of roofs over which they pass,
except where the voltage hetween conductors does not exceed 300 and
the roof cannot be readily walked upon, the clearance may be not
less than 3 feet,

B. Clearance from Ground. Conductors shall have a clearance of
not less than 10 feet from the ground or from any platform or projec-
tion from which they might be reached, ;

C. Clearance from Building Openings. Conductors shall have a
clearance of not less than 36 inches from windows, doors, porches,
fire escapes, or similar locations.

Order 13-2323, Supports Independent of Building,
Where practicable, conductors passing over a building shall be sup-
ported on structures which ave independent of the building. If neces-

tial structures.

Order 13-2324. Point of Attachment to Building.

In general, the point of attachment of a service drop to a building
shall be not less than 10 feet above ground and shall be at a height

Order 13-2325, Means of Attachment,

Multiple conduector cableg used for serviee drops shall be attached
to buildings by fittings approved for the purpose.
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SERVICE CONDUCTORS ON OR IN BUILDINGS

Order 13-2331, Wiring Methods. . .

Service conductors extending along the exterior, or entering bUI]d‘:
ings, may be installed as separate conductors, in.cab_les approved .fm
the purpose, or enclosed in rigid conduit, or, for circuits not exceeding
600 volts, in electrical metallic tubing or as busways.

Service-entrance conductors should not be run withi_n the l!o]‘lov::r
spaces of frame buildings unless provided with automatic overcurren
protection at their outer end,

Order 13-2332. Mechanical Protection. .

Individual open conductors or cables other than approved service-
entrance cables, shall not he installed within 8 feet of the gr.ourEd or
where exposed to mechanical injury. Service-entra_nce cable.s, if liable
to contact with awnings, shutters, swinging signs, mst_a.lled in exposed
places in driveways, near coal chutes or otherwise exposed to
mechanical injury, shall be of the protected type or be protected by
conduit, electrical metallic tubing or other approved means.

Order 13-2333. Individual Conductors Exposed to Weather.

Individual open conductors, if exposed to weather, shall he. sup-
ported on insulators, racks, brackets, or other means, placed at inter-
vals not exceeding 9 feet and sepavating the conductoys at least 6
inches from each other and 2 inches from the sul_'face wired over; or
at intervals not exceeding 15 feet if they maintain the conductors at
least 12 inches apart. For 300 volts or less, conductors may hfwe a
separation of not less than 3 inches if supports ave placed at _mtel'-
vals not exceeding 4% feet and conductors are not less than 2 inches
from the surface wired over. Weather-proof conductors (type WP)
on exterior of buildings shall have a clearance from the ground of
not less than 8 feet, and a clearance from windows, doors, porches,
ete., of not less than 3 feet.

Order 13-2334. Individual Conductors Not Exposed to Weather.

Individual open conductors not exposed to the weather may be sup-
ported on glass or poreelain knobs placed at intervals not exceeding
4% feet and maintaining the conductors at least one ineh from the
surface wired over and a separation of at least 2% inches between
conductors.

Order 13-2335. Individual Wires Entering Buildings,

Individual conductors entering buildings shall pass inward and up-
ward through slanting non-combustible, non-absorptive insulating
tubes, or shall enter through roof bushings, and shall conform to the
Provisions of Section 13-824, Drip loops shall be formed on the cori-
‘ductors before entering tubes,

Order 13-2336, Service Cables,

Serviee cables of a type not approved for mounting in contact with
- the wall shall have insulating supports at intervals not exceeding 15
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feet, and maintaining a distance of at least 2 inches from the surface
wired over. Service eables mounted in contact with the building shall
_be supported at intervals not exceeding 4% feet.

Order 13-2337. Service Head.

Service raceway shall be equipped with a raintight service head.
Service cable, unless continuous from pole to service equipment o1
meter, shall be equipped with an approved raintight service head,

- or be formed in a gooseneck, taped and painted and held securely in
place by its connection to service-drop conductors below the goose-
neck or by a fitting approved for the purpose. Drip loops shall be
formed on individual conductors. To prevent the entrance of moisture,
service-entrance conductors shall not be connected to the service-drop
conductors at a point above the level of the service head or the ter-
mination of service-entrance eable sheaths. If service heads are used,

conductors of opposite polarity shall be brought out through separately
bushed holes.

Order 13-2338 Enclosing Raceways Made Raintight.

If rigid metal raceways ave installed where exposed to weather the
raceways shall be made raintight and arranged to drain.

Order 13-2339. Terminating Raceway at Service Equipment.

If conduit, electrical metallic tubing, or service cable is used for
service conductors, the inner end shall enter a terminal box or cabinet,
or be made up directly to an equivalent fitting, enclosing all live metal
parts, except that if the serviee disconnecting means is mounted on
a switchboard having exposed bushars on the back, the raceway may
be equipped with a bushing which shall be of the insulating type
unless lead-covered conductors are used.

DISCONNECTING MEANS
Order 13-2351. General.

Each set of service-entrance conductors shall be provided with a
readily accessible means of disconnecting all conduetors from the
source of supply, -

A. Switeh and Cireuit-Breaker, The disconnecting means shall be
manually operable, It may consist of not more than six switches or
six eireuit-breakers in a common enclosure, or in a group of separate
enclosures, located at a readily accessible point nearest to the entrance
of the conductors, either inside or outside the building wall. The
disconnecting means shall be of a type approved for service equipment
and for prevailing conditions.

For service operating at not to exceed 250 volts and capacities
up to and including 100 ampeves, the service switch and service fuses,
when not a part of a switchboard, shall be of the accessible fuse or
deadfront type in which the fuses are dead when accessible and no
live parts are exposed to accidental contact.
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Exception, Where the meter is not of the socket type or where cur-
rent transformers or large self-contained meters are used, the main dis-
connecting means may consist of not more than six switches or f;ix
manually-operable circuit-breakers, provided an approved disconnecting
means is installed ahead of the meter or the metering current trans-
formers. If such disconnecting means is incapable of being operated
under full load, the service on which it is installed must be sealed or
otherwise rendered inaccessible to other than qualified persons.

B. Multiple-Ocecupaney. In a multiple-occupancy building, each oc-
cupant shall have access to his disconnecting means. A multiple-
occupancy building having individual occupancy above the second floor
shall have service equipment grouped in a common accessible place,
the disconnecting means consisting of not more than six switches or
six cireuit-breakers. Multiple-ocecupaney buildings that do not have
individual occupancy above the second floor may have service con-
ductors run to each occupancy in accordance with 13-2301-B and
each such service may have not more than six switches or circuit-
breakers. -

C. Disconnection of Grounded Conduector. If the switch or eireuit-
breaker does not interrupt the grounded conductor, other means shall
be provided in the service cabinet or on the switchboard for discon-
necting the grounded conductor from the interior wiring.

D. More than One Building. In a property comprising more than
one building under single management, the conductors supplying each
building served shall be provided with a veadily accessible means,
within or adjacent to the building, of disconnecting all ungrounded
conductors from the source of supply. In garages and outbuildings on
regidential property the disconnecting means may consist of a snap
switch, suitable for use on branch circuits, including switch controls
at more than one point.

E. Safeguarding Emergency Supply. If an emergeney supply is
provided to feed the conductors controlled by the service disconnecting
means, the disconnector shall be of a design that will open all un-
grounded conductors from the usunal supply before connection is made
to the emergency supply, unless agreed upon arrangements have been
made for parallel operation and suitable automatic control equipment
provided. g

Order 13-2352. Connections Ahead of Disconnecting Means,

Service fuses, meters, high:impedance shunt cireuits (such as poten-
tial coils of meters, ete.), supply conductors for time switches, surge
protective capacitors, instrument transformers, lightning arresters and
civenits for emergency lighting and for fire alarms as provided in
Order 13—2375, may be connected on the supply side of the discon-
necting means. Taps from service conductors to supply time switches,
eireuits for emergency lighting, ete., shall be installed in accordance
with Order 18-2331 and disconnecting means shall be installed as

- tequired in Order 13-2351.

For detailed service provisions for fire alarm, sprinkler supervisory,

or watchman gystems, see appropriate Standards of the National TFire
- Protection Association, :
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Order 13-2353. Simultaneous Opening,

The disconnecting means shall simultaneously disconnect all un-
g'.rounded conductors, except for 3-wire direct-current or single-phase
circuits or multi-wire lighting cireuits.

Order 13-2354, Types Permitted.

The disconnecting means for ungrounded conductors may be a switch
or manually operable circuit-breaker of the air-break or oil-immersed
type, equipped with a handle or lever for mechanical operation by
the hand. .

A push-button type of electrical remote control may be used in addi-
tion to the manual handle,

Order 13-2355. Indicating.

The disconnecting means shall plainly indicate whether it is in the
open or closed position,

Order 13-2356. Externally Operable.

An enclosed service switch or circuit-breaker shall be externally
operable. See definition Order 1020,

It_is 1‘9001‘[}111211&3[1 that where the current of a single circuit, or group
of c_n'cuits.‘ls separately metered, as in apartment house installations,
devices be installed in a convenient location to control each separately

n_leter'ed installation, such devices being enclosed and the switeh or
circuit-breaker being externally operable,

Order 13-2357. Rating of Service Switch.

A_service switch shall have a rating not less than the load to be
carried determined in accordance with Order 13-2203. The service dis-
corznect%ng means shall have a rating of not less than 60 amperes if a
switeh is used, and not less than 50 amperes if a circuit-breaker ig
used; hovf'ever for installations consisting of not more than two 2-wire
bra.nch cireuits a switeh or cireuit-breaker of 30-ampere minimum
rating may be used.

Order 13-2358, Connection to Terminals.

The service conductors shall be attached to the disconnecting means
by Pressure connectors, clamps or other approved means, except that
connections which depend upon solder shall not be used,

Order 13-2359, Hazardous Locations.

Servic:la equipment installed in hazardous locations shall comply with
the requirements of Section 13-500.

Order 13-2360. Service Equipment Grouped.

If supplied at the same side of the building by more than one over-
head service drop or more than one set of underground service con-
ductors, the service equipments, except for services ag permitted in
Ol'd.ers 18-2301B, C and 13-2321, shall be grouped and each set of
equipment marked to identify it. )
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OVERCURRENT PROTECTION

Order 13-2371, Where Required.
Each ungrounded service entrance conductor shall have overcurrent

protection.

A, In Ungrounded Conductor. Such protection shall be provided by
an overcurrent device in series with each ungrounded service con-
ductor, having a rating or setting not higher than the allowable carry-
ing capacity of the conductor, except as follows:

1. For motor-starting currents, ratings in conformity with Orders
13-4342, 13-4362, or 18—4363 may be used.

2. Circuit-breakers may have a setting in conformity with Orders
13-2403 B & C.

3. Not more than six circuit-breakers or six sets of fuses may
serve as the overcurrent device.

4. In a maultiple occupancy building each occupant shall have
access to his over-current protective devieces. A multiple occupancy
building having individual occupancy above the second floor shall have
service equipment grouped in a common accessible place, the overcur-
rent protection consisting of not more than six eircuit-breakers or six
sets of fuses. Multiple occupancy buildings that do not have indi-
vidual occupancy above the second floor may have service conductors
run to each occupancy in accordance with 13-2301B and each such
service may have not more than six circuit-breakers or six sets of
fuses.

A zet of fuses iz all the fuses required to protect all the ungrounded
conductors of a circuit,

B. Not in Grounded Conductor. No overcurrent device shall be in-
serted in a grounded service conductor, except a circuit-breaker which
simultaneously opens all conductors of the cireuit.

C. More Than One Building. In a property comprising more than
one building under single management, the conductors supplying each
building served shall be protected by overcurrent devices, which may
be located in the building served or in another building on the same
property, provided they are accessible to the occupants of the buildin
served. -

Order 13-2372. Location.

The service overcurrent device shall be an integral part of the
service disconnecting means or shall be located immediately adjacent
‘thereto, unless located at the outer end of the service raceway.

Order 13-2373. Location of Branch-Circuit Overcurrent Devices.

If the service overcurrent devices are locked or sealed, or otherwise
not readily accessible, branch-cireuit overcurrent devices shall be in-
stalled on the load side, shall be mounted in an accessible location

and shall be of lower rating than the service overcurrent device.
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Order 13-2374, Protection of Special Circuits.

‘If necessary '?u prevent tampering, an automatic overcurrent device
protecting service conductors supplying only a special load such as
water heater, may be locked or sealed if located so as to be accessible,

Order 13.—2375. .Relative Location of Overcurrent Device and Other
Service Equipment.

0 de € B 11 I
] I[e vercurrent Vic: ]lc'l Otect all t
p circults and dE vices exce p t

g. I"I;he service switch may be placed on the supply side,
d' eteirs, ete,, as permitted in Order 13-2352, that may be con-
;:ectzh and 1.115talled on the supply side of the disconnecting means
or the service conductors, Taps from service conductors to supply
time sthc}.les, gtc., that are connected and installed on the supply side
Gf. ::1% stler\floceddlsconnecting and overcurrent protective means, as per-

mitted In Order 13-2352, if separatel i ith g
ok 3 D ¥y provided with over-current
o Cd Cu;cz}ilts for emergency lighting may be connected on the sup-

v side o e service overcurrent device if separatel i i

aovercurrent protection. VNN S
D. ‘CII‘CL’litS 1llsed only for the operation of fire alarm or other
p;'oz}eictwe signaling systems may be connected on the supply side

0 e service overcurrent device if separatel i i
current protection. . RTLASCERRER ot
‘ E. ThE. meter may h.e placed on'the supply side of the over-
gm rent device for alternating current supply not in excess of 800 volts
S:t“feen cm_lductors, and provided the conductors between meter and

Tvice equipment are installed by any of the method i i

Order 13-2331 for service conductors. ? sl

GROUNDING AND GUARDING
Order 13-2381. Enclosure.

Live parts of service equipment shall be enclosed so that they will
not be exposed to accidental contact, unless mounted on a switchboard
pane]bosfrd or controller accessible to qualified persons only anei
located in a room or enclosure free from easily ignitible material
Such an elnclnsure shall be provided with means for locking or sealin :
doors giving access to live parts. .

This includes meter sockets.

Order 13-2382. Grounding.

Service equipment shall be grounded as follows:

g A, Equlpment..The meter and enclosure for service equipment
shall be grounded in the manner specified in Section 13
(1) tl;e V:oltage does not exceed 150 volts to ground and such enclosures
1:;u'e (h) isolated from confiucting surfaces, and (3) unexposed to con-
au:1';I Y persons or materials that may also be in contact with other
conducting surfaces, The enclosure for metering equipment, installed

—250, unless
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on the supply side of the service equipment, may be grounded to
the neutral conductor when the provisions of paragraph A of Order
13-2304 are complied with,

B. Raceways. Service raceways, and the metal sheath of service
cables, shall be grounded. Conduit and metal pipe from underground
supply shall be considered sufficiently grounded if containing lead-
sheathed cable bonded to a continuous underground lead-sheathed
cable system. Co

C. Flexible Conduit. If a service run of rigid metal raceway 18
interrupted by flexible metal conduit, the gections of rigid metal race-
way thus interrupted shall be bonded together by a copper conductor
not smaller than No. 8, using clamps or other approved means. The
conductor and bonding devices shall be protected from mechanical
injury. If the flexible conduit runs to the service cabinet, similar
bonding shall be installed between the cabinet and the rigid raceway.

SERVICES EXCEEDING 600 VOLTS |

Secondary conductors, not the primary conductors, are regarded as
constituting the service conductors to the building proper in the
following cases:

1. Where step-down transformers are located outdoors.

2. Where step-down transformers are located in a separate build-
ing from the one served.

3. Where step-down transformers are located in the building
served in a transformer vault conforming to the requirements of
Orders 13-4541 to 13-4548, and under the sole control of the supply
company.

In no case will the provisions of this section apply to equipment not
directly connected to service conductors, and consequently will not
apply to equipment in vaults under the sole control of the supply

company.

Order 13-2386. General.

Service conductors and equipment used on circuits exceeding 600
volts between conductors shall comply with Orders 13-2301 to 13-2325
inclusive, Orders 13-2335, 13-2381 and 13-2382, and also the following
Orders 13-2387 to 13-2392 inclusive.

Order 13-2387. Wiring Methods.

In locations accessible to other than qualified persons service en-
trance conductors of more than 600 volts shall be installed in rigid
conduit, or as multiple conductor cable approved for the purpose. If
the voltage exceeds 15,000 volts between conductors they shall enter
a transformer vault conforming to the requirements of Orders 13-
4541 to 13-4548, Conductors in conduit or duct and enclosed by con-
erete or brick not less than 2 inches thick shall be considered outside
of the building. Unless conductors specifically approved for the pur-
pose are used, raceways embedded in masonry, or exposed to the
weather, or in wet locations shall be arranged to drain.
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A. Open Work. 1f open work is employed where not accessible to
other than qualified persons, the service conductors shall be rigidly
supported on glass, porcelain or other insulators approved for the
purpose, which will keep them at least 8 inches apart, except at
terminals of equipment, They shall be not less than 2 inches from the

surfaces wired over and for voltages exceeding 2500 not less than
3 inches,

B. Service Cable. Where cable conductors emerge from a metal
sheath or raceway, the insulation of the conductors shall be protected
from moisture and mechanieal injury by a pothead or other approved
means,

C. Conductor Size, Service conductors shall be not smaller than
No. 6 unless in cable. Conductors in cable shall be not smaller than
No. 8.

D. Supports. Service conductors and their supports, ineluding in-
sulators, shall have strength and stability sufficient to insure main-

short cirenits,

E. Guarding. Open wires shall be guarded where accessible to
unqualified persons,

Order 13-2388, Disconnecting Means.

The circuit-breaker or the alternatives for it specified in Order

13-2389 will constitute the disconnecting meang required by Order
13-2351,

Order 13-2389, Overcurrent Protection.

Overcurrent devices shall be provided in accordance with the fol-
lowing:

A I'n Vault or Consisting of Metal-Enclosed Switchgear. 1f the
service equipment ig installed in a transformer vault meeting the pro-
visions of Orders 13-4541 to 13-4548, or consists of metal-enclosed
switchgear, the requirements for overcurrent protection and discon-
necting means may be fulfilled by the following:

1. On circuits of 15,000 volts or less, oil-filled or other fuses of
suitable rating and type, which conform to Order 13-7103, may be
used without switeh oy circuit-breakey provided they may be operated
as a disconnecting means,

2. If the voltage is 25,000 or less, a non-automatic switch capable
of intermpting the rated circuit load and suitable fuses may be used.

limitations outlined in paragraphs 1 and 2. If these limitations are
exceeded, an automatic-trip circuit-breaker shall be installed in com-
pliance with the requirments of paragraph B.

4, If the voltage is 15,000 op less, a switch capable of interrupting
the no-load current of the transforimer and suitable fuses may be used,
provided the switch is interlocked with a circuit-breaker in the sec-
ondary circuit of the transformer so that the switeh cannot be opened
when the circuit-breaker is closed, Sl
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5. Metal-enclosed switchgear veferred to in this sectign six;l;;
consis.t of switchgear having a substantial steel stmg}:,tur‘edan nad stop
i 1% inch, over the sides a :
enclosure of thickness not less than . i vl
'ni integral part o e equip
The enclosure shall be furnished as an : : 2
mléit If installed over a wood floor, suitable protection thereto sha
be provided. . . .
B. Not in Vault or Metal Enclosure, If the servtice t_aqulp].rlm;:lntc (1; srit;:
. Z ~current device sha
in a vault or metal enclosure, the over ! : Kl
ie trip cireuit-breaker of suitable current-carrying
of an automatic trip cireuit-brea e e - i
i i i ‘rent unit in each ungro
interrupting capacity with an overcux ] e
? ‘ation of any one device

ductor and so arranged that the opera il
:):m;n all ungrounded conductors. If the voltage of the c{lcu{t E)fce;di
51[;00 the requirement of Order 13-7135 shall apply. A cg{;}l{:tgol -:;ieie

’ i i located as near as possi

d as service equipment shall be cate .
?}j: service conduectors enter the building, or else on a pole outside
the building.

C. Fuses. Fuses used as permitted in pa.rag“l'ap.h A shal;ll .];a\.r:c 1?11:
inte.rrupting rating at least equal to the maximum short-ci
current possible in the cireuit. "

D. Circuit-Breakers. Provision shall be mad? sodthat theuvc;;{:;:d-

' i i the circuit is closed on an 4
breaker is free to open in case lope b S
i h as trip-free breakers o
This can be accomplished by means sue i
i ; i ‘ating handle per pole.
multiple breakers having an opera ile B S
i indi hether it is open or closed,
ircuit-breaker shall indicate clearly w : or cl
:Lrall be capable of interrupting the maximum short-circuit current
to which it may be subjected.

Order 13-2390. Isolating Switches.
Isolating switches shall be provided as follows:

A. Air-break isolating switches shall be insta!led bgt\a};een (I);}
switches or air or oil eircuit-breakers used as service swite isdaon
the supply conductor, except where such equl;)ment is mq\:n :; S
removable truck panels or metal—enclose@ switch-gear T(Jllnl sh. e
cannot be opened unless the cireuit is ql'sconnected, an uw (;cs c,(m_
removed from the normal operating pomthn‘, automatically di
nects the circuit-breaker or switch from all live parts.

B. When the fuses used with non-automatic oil switches in
accordance with 13-2389-A are of a type thz_a.t may be o;_)er];at?;':l :,]fea.
disconnect switch, they may serve as the 1solat.1ng sw.1tc 1t - v
completely disconneet the oil switch and all service equipment from
the source of supply.

C. Air-break isolating switches shall be accessible 130 qualified
attendants only. They shall be arranged so that a gro‘undmg connec&
tion on the load side can readily be made. Such gr‘oundmg: means need
not be provided for duplicate isolating switches, if any, installed an
maintained by the supply company,
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Order 13-2391. Lightning Arrester.

1';A2 8Il.;g‘htning arrester complying with the requirements of Section
3- shall be placed on each ungrounded overhead service con-

ductor on the supply si . 3
ply side of the service equipment, if call
the authority enforcing this code, p ) alled for by

Order 13-2392. Equipment in Secondaries.

whlcfsteh:eil)iﬁ:ry sgrvdl;:e equlpmem': supplies one or more transformers
ko e ry windings feed a single set of mains, and the primary
e er is man};la.lly operable from a point outside the trans-
er vault or accessible to qualified persons only, the disconnectin
means and overcurrent protection may be omitted from the Beccndarfr
:,ismflt, provided the setting o.f the primary ecircuit-breaker is such
A f:-j protect the secondary cireuit. If not manually operable from
uutsE e the vault, means shall be provided to trip the breaker from
ou sl.cle the. vault. In all other cases the secondary circuit shall be
provzded with a disconnecting means and overcurrent protection
required by various paragraphs of this section. 3?
“Manually operable” calls for a mechanical, rather than only electrical,

Iinl(age between the cire =0T v

it aker and the

u bre n h point of operation, and
refers to both the opening and closing operations.

SECTION 13-240 OVERCURRENT PROTECTION

INSTALLATION
Order 13-2401. General Requirement.

Overc].u‘rent protection for conductors is provided for the purpo
of' opening the electric circuit if the current reaches a va]u(I: \frii:l?
will cause an excessive or dangerous temperature in the conductor
or conductor insulation. A grounded conductor is considered to be
protectt‘ad fr.om overcurrent if a protective device of a suitable ratin
or setfing is provided in each ungrounded conductor of the sami

circuit.
Order 13-2402. Overcurrent Protection of Equipment,

Equipment shall be pr i
protected against overcurrent i i
references in the following table: R e

Branch Circuits

_____ = - - Section 13-210

Capacitors ___

okt i - -Orders 13—4607B and 13-4608

P el SR Orders 13-6141 and 13-6142

e eemOrder 13-4454
_ Section 13-430

Over 600 Volts
Panelboards _
Services _____

____________________ Orders 13-7141, 13-7142 and 13-7143

s __E) » Order 13-3882

Remote-Control, Low E;_e_r“ i e
" gy and Signal

Signs and Outline Lighting i i i

SBound Equipment _____________ e grger ‘}3_8003

e SR e rder 13-6406

Transfo rmers e Bec =t
S ection 13-450
Induetion and DIQ]&C[II!.‘ Heat GEBel'a.ting Equipment -Order 13-6654
—_— T o
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Order 13-2403. Overcurrent Protection of Conductors.

Conductors shall be protected in accordance with their current-
carrying capacities, as given in Tables 1 and 2, Chapter 10, except
as follows:

A. Fuses. If the allowable current-carrying capacity of a conductor
does not correspond to the rating of a standard-size fuse, the next
larger size or rating of fuse may be used but in no case shall the
size or rating of the fuse exceed 150 per cent of the allowable current-
carrying capacity of the conductor. Plug fuses and fuseholders shall
not be used in circuits exceeding 125 volts between conductors, except
cireuits of a system having a grounded neutral and no conductor at
more than 150 volts to ground. Plug fuses installed in residential
occupancies should be of the time-delay type. The serew shell of plug
type fuseholders shall be connected to the load side of the circuit.

B. Non-Adjustable-Trip Circuit-Breakers. Non-adjustable-trip eir-
cuit-breakers, except as otherwise permitted in sub-paragraph 9 of
Tables 1 and 2 of Chapter 10, shall be rated in accordance with the
current-carrying capacity of the conductor. Circuit-breakers of the 0
to 30 ampere class should be of the time-delay type.

C. Adjustable-Trip Circuit-Breakers. Adjustable-trip circuit-break-
ers of the thermal trip, magnetic time-delay trip or instantaneous-
trip types shall be set to operate at not more than 150 per cent of the
allowable current-carrying capacity of the conductor.

The effect of the temperature on the operation of thermally-controlled
circuit-breakers should be taken into consideration in the application
of such circuit-breakers when they are subjected to extremely low or
extremely high temperatures.

D. Fixture Wires and Cords. Fixture wire or flexible cord, sizes
No. 16 or No. 18, and tinsel cord shall be considered as protected by
20-ampere overcurrent devices, except as provided in Order 13-6251.
Flexible cords approved for use with specific appliances, shall be con-
sidered as protected by the overcurrent devices of the branch circuits
of Section 13-210 when conforming to the following: 20-ampere cir-
cuits, No. 18 and larger; 30-ampere circuits, 10 amperes or over
capacity. Fixture wires of the sizes permitted for taps in paragraph
C-2 of Order 18-2121 shall be considered as protected by the over-
current protection of the 20-ampere, 30-ampere and 50-ampere branch
circuits of Section 13-210.

E. Motor Circuits. The conductors supplying motors and motor-
operated appliances shall be considered as protected by the over-
current protective devices specified in Orders 134322, 13-4324, and
13-4342.

F. Branch Circuits. Taps to individual outlets and cireunit condue-
tors supplying a single household electric range shall be considered
as protected by the branch circuit overcurrent devices when in
accordance with the requirements of Orders 18-2121 and 13-2122.

G. Remote Control. Except as provided in Section 13-725, the con-
ductors of the control circuits of remote-control-switches shall be
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considered as protected from overcurrent by overcurrent devices that
are not of the so-called time-lag type and are rated or set at mnot
more than 500 per cent of the carrying capacity of the remote-control
conductors, as specified in Tables 1 and 2 of Chapter 10,

H. Taps. A conductor tapped from a feeder shall be considered as
properly protected from overcurrent if installed in accordance with
Orders 13-2434, 13-3647, and 13-4348,

Order 13-2404, Thermal Devices,

Thermal cutouts, thermal relays and other devices not designed to
open short-circuits, shall not be used for protection of conductors

Order 13-2405, Ungrounded Conductors,
An overcurrent device (fuse or overcurrent trip unit of a eircunit-
breaker) shall he placed in each ungrounded conductor. Circuit-

relays shall be as given in Table 28, Chapter 10, Individual single-pole
circuit-breakers may be used for the protection of each conductor of
ungrounded 2-wire cirenits, each ungrounded conductor of 3-wire
direet-current or single-phase circuits, or for each ungrounded con-
ductor of lighting or appliance branch cireuits connected to 4-wire
three-phase systems, or 5-wire 2-phase systems, provided such light-
ing or appliance cireuits include a grounded conductor,

Order 13-2408, Services.

For services the number of overcurrent units shall be as specified
in Order 18-2371.

Order 13-2407, Motors.

For motor-running protection the number of overcurrent units shall
be as specified in Orderg 13-4326, 13-4327 and 13-4328.

Order 13-2408. Feeders at Supply Stations,

Each conductor of a constant potential circuit entering or leaving
a supply station, except grounded neutral conduetors, shall be pro-
tected from excessive current by a circuit-breaker, or by an equivalent
device of approved design. Such protective devices shall be located
4s near as practicable to the point where the conductors enter oy
leave the building. For the outgoing circuits not connected with other

sources of power, the protective devices may he placed on the supply
side of transformers or similar devices,

Order 13-24¢9. Grounded Conductor,

No overcurrent device shall he placed in any permanently gr
conductor, except ag follows:
A. Simultaneous Opening, If the overcurrer
ously opens all conductors of the circuit.

ounded

1t device simultane-

BLECTRICAL CODE-—ORDER 13-2434 61

B. Conductors of Branch (Circuits. In locations where 1.:he :,2?:
ditions of grounding, or the likelihood of reversal of 'conneflu:;lstems
i ing this code may require, o
rants, the authority enforcing . DI Tt bn Moo
rounded, tha
ing a grounded neutral or having one side g el > cor
gzz;:rgs ofg 2-wire branch ecircuits shall have an overcurrent device in
each conductor, . ’
C. For motor-running protection as provided in Orders 13-4326

and 13-4827,

Order 13-2410, Change in Size of Grounded Conductor.

Where a change oceurs in the size of the ungrounded conguc:or,
a similar change may be made in the size of the grounded conductor.

Order 13-2411. Fuses in Multiple. .

For the protection of conductors, exc?pt the c?rﬁductms (:lf mol:ﬁ:
branch circuits, having allowable carrying 'capac1ties excee mf i
rated capacity of the largest approved cartridge tzpe fl}SE, cfaLS:; iq

i i be used, provided as few fu s

fuses arranged in multiple may " e

i ) he same type, characteri )
ible are used and the fuses ave of t !

zl('}:is rating, and provided the fuseholder termmal:s alre tmoun‘cede :-:;ni

i i i have an equivalent arrang

ngle continuous pair of bus bars, or :

Ela% will eliminate any potential difference between the terminals of

the fuses.
LOCATION

er 13-2434. Loecation in Circuit.
Orgvercurrent devices shall be located at the point where. the conduc-
tor to be protected receives its supply, except as fol%ows. . ‘

A, Service Conductors. An overcurxtent Protectwe df;\;l;g for a
service conductor may be located as specified in Order 13- - ’

B. Smaller Conductor Protected. If the overcurrent de;rlc: fl;)];
tecting the larger conductor also protects the smaller conducto
accordance with Tables 1 and 2 of Chapter 10. e

C. Taps Not Over 5 Feet Long. If (1) the smaller con ufc :ﬁz
have a current-carrying capacity of mnot less than the su;"nt ]:: b
allowable current-carrying capacities for the com:‘luctors o : 5e o
or more circuits or loads supplied, (2) th}a tap is not oxlrgl ; e:r
long and does not extend beyond the switchboard, pane. toalf' ::an
control devices which it supplies, and (3) eXt_:ept_at 1;ht:1 p.f;ln lo i
nection to open wires on insulators, is enclosed in con: 'l.'ll‘?h elec e
metallic tubing, or in metal gutters when not a part of the sw

oard or panelboard.

i D. T:.)ps Not Over 25 Feet Long. If the_z smaller cond!.u:tors‘;l hsive
a cuwrrent-carrying capacity at least one-third that of the. conductor
from which they are supplied, and provided the tap is suitably prcf-‘
tected from mechanieal injury, is not over 25 feet.long, (where fe;deib
are at a greater elevation, this distance may be increased to E?'O ee.],';
and ferminate in a single circuit-breaker or set of fuses which wi
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limit the load on the tap to that allowed by Tables 1 and 2, Chapter 10.
Beyond this point the conductors may supply any number of cireuit-
breakers or sets of fuses.

Order 13-2435. Location in Premises.

Overcurrent devices shall be located where they will be:
A. Readily accessible, except as provided in Order 13-2372 for
serviee equipment and Order 13-3650 for busways.
B. Not exposed to mechanical injury.
C. Not in the vicinity of easily ignitible material.

ENCLOSURES
Order 13-2436. General.

Overcurrent devices shall be enclosed in cutout boxes or cabinets,
unless a part of a specialty approved assembly which affords equiva-
lent protection, or unless mounted on switchboards, panelboards or
controllers located in rooms or enclosures free from easily ignitible
material and dampness. The operating handle of a circuit-breaker may
be aceessible without opening a door or cover.

Order 13-2437. Damp or Wet Locations.

Enclosures for overcurrent devices in damp or wet locations shall be
of a type approved for such locations and shall be mounted so there

is at least one-half inch air space between the enclosure and the
supporting surface.

Order 13-2438. Vertical Position.

Enclosures for overcurrent devices shall be mounted in a vertical
position unless in individual instances this is shown to be impracticable.

Order 13-2439. Rosettes.
Fuses shall not be mounted in rosettes.

Order 13-2440. Disconnection of Fuses and Thermal Cutouts Before
Handling.

Disconnecting means shall be provided on the supply side of all
fuses or thermal cutouts in ecireuits of more than 150 volts to ground
and cartridge fuses in ecircuits of any voltage, if accessible to other
than qualified persons, so that each individual eireuit containing
fuses or thermal cutouts can be independently disconnected from the
source of electrical energy, except as provided in Order 13-2352 and
except that a single disconnecting means may be used to control g

group of circuits each protected by fuses or thermal cutouts under
the conditions described in Order 13-4410. -

Order 13-2441, Arcing or Suddenly-Moving Parts.

Arcing or suddenly-moving parts shall comply with the following:
A. Location. Fuses and circuit-breakers shall be so located or

shielded that persons will not be burned or otherwise injured by thei:
operation.
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B. Suddenly-Moving Parts. Handles or levers u]f circuit—i}jre:ker::.
g hi ddenly in such a way that per-

i imilar parts which may move sud : : ;
;{1)'1:55;“ the \Ir)icinity are liable to be injured by being struck by them,

shall be guarded or isolated.

CONSTRUCTION OF OVERCURRENT DEVICES

Order 13-2451, Plug Fuses of the Edison-Base Type. W
Plug fuses of the Edison-base type shall conform to thel fol owmg;'
A. Classification. Plug fuses of this type shall be classified at no

25 volts, 0 to 30 amperes. .
0veBI. ;Jwrking. Plug fuses of 15 amperes rating or less shs:ll bf: ci;s;
tinguished from those of larger 1'ating_ by an hexagonal openn;)g n;ome

cap through which the mica or similar window shcwst,hort y s

other prominent hexagonal feature such .as ’r:he form of * e top o P

itself, or an hexagonal recess or projection in thg top or cap.

g Fuses.
Order 13-2452. Holders for Plug Fu ‘
Holders for plug fuses of 30 amperes or less shall not be 1nstall:ﬁ
unless they comply with Order 18-2453 or are made to comply wi
Order 13-2453 by the insertion of an adapter.

Order 13-2453, Plug Fuses and Fuseholders of Type S. .

Where Type S plug fuses ave to be used as the overcurrelnt 3:\:;2
required by this code, the fuses and ft_lseho}del‘s ghall conform
following requirements:

A, thssiﬁcation. Plug fuses and fuseholders of Type S S]:lB.]l be
classified at not over 125 volts; 0 to 15 amperes, 16 to 30 amperes. .

B. Fuses Usable Only in Fuseholders of the Swme Clasmﬁ,catu_m.
Fuses of the 16 to 30 ampere classification shall ncft be .usable with
fuseholders or adapters of the 0 to 15 ampere classification. .

C. Fuseholders and Adapters, Fuses, fuseholders, and adapters shad
be so designed that a fuse other than a Type S fuse cannot be use
in a fuseholder or adapter designed for Type S fuses.

D. Tamperability. Fuses, fuseholders anfi a.dapters sh?,ll bl?. 80 &e—
signed as to be subject to tampering or bndgl.ng only with difficulty.

B. Live Parts. Fuses and fuseholders when installed and assembled

" ave no live parts exposed.
to%}'f't h::;asp}?sl'lshto be Non—RI;mcmbIe. Fuse adapters shall be so de-
signed that when once inserted in a fuseholder they cannot be
. d- y
lerg?‘}itewﬂmngeabiuty. Fuses, fuseholders and adapters of various
manufacturers should be interchangeable with each 0.1'.1'1&1‘, and the
plugs with adapters shall be suitable for use in the Edison-hase type
- fuseholder.

H. Plug Type. Fuses and fuseholders shall be of the plug type.

I. Ampere Rating. Each fuse, fuseholder and adapter shall be
marked with its ampere rating.
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J. Marking. Fuses of the 0 to 15 ampere rating shall be distin-
guished from those of larger rating by an hexagonal opening in the
cap through which the mica or similar window shows, or some other
prominent hexagonal feature such as the form of the top or cap itself,
01 an hexagonal recess or projection in the top or cap.

Order 13-2461. Cartridge Fuses and Fuseholders.

Cartridge fuses and fuseholders shall conform to the following:

A. Classification. Cartridge fuses and fuseholders shall be classified
as regards current and voltage as follows:

Not Over 250 Volts  Not Over 600 Volts ~ Not Over 250 Volts Not Over 600 Volts

Amperes Amperes Amperes Amperes

0- 30 = 101-200 101-200
31~ 60 31- 60 201-400 201-400
61-100 61-100 401-600 401-600

B. Non-Interchangeable. Cartridge fuses and fuseholders shall be
so designed that it will be impossible to put a fuse of any given class
into a fuseholder which is designed for a current lower, or voltage
higher, than that of the class to which it belongs.

C. Marking. Each fuse shall be marked with its ampere and voltage
ratings.

Order 13-2471, Link Fuses and Fuseholders.
Link fuses shall be mounted on approved fuseholders.

A. Minimum Rating. Link fuses and fuseholders shall be used only

in sizes rated at more than 600 amperes, and only by special
permission.

Order 13-2481. Circuit-Breakers.
Circuit-breakers shall conform to the following:

A. Method of Operation. In general, circuit-breakers shall be
capable of being closed and opened by hand without employing any
other source of power, although normal operation may be by other
Power such as electrical, pneumatie, and the like. Large circuit-break-
ers which are to be closed and opened by electrical, pneumatie, or
other power shall be capable of being closed by hand for maintenance
purposes and shall also be capable of being tripped by hand under
load without the use of power.

B. Injury te Operator. Civeuit-breakers shall be arranged and
mounted so that their operation is not likely to injure the operator.

C. Indication. Circuit-breakers shall indicate whether they are in
the open or closed position.

D. Non-Tamperable. An air circuit-breaker, used for the branch
cireuits deseribed in Section 13-210, shall be of such design that any
alteration of its trip point (calibration), or in the time required for
its operation, will be difficult,

E. Marking. Cireunit-breakers shall be marked with their rating in
such a manner that the marking will be visible after installation,
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SECTION 13-250. GROUNDING

Order 13-2501. Scope.

This section treats of protection t?f electnc.
ing. Insulation, isolation, and guarding are sul
certain conditions.

installations by ground-
table alternatives under

SYSTEMS AND CIRCUITS

Order 13-2511. Circuits. —
Circuits are grounded for the purpose }?f ]111;11t1ng t};i Evtt)(l)tzﬁii ;-;1::;
ireui i i 7i ' through expos
he cireuit which might otherwise oceur ‘ KRILS | "
tn'eother voltages higher than that for which the circuit i1s fesolﬁr;; :
or to limit the maximum potential to ground due to normal v A

i ¥ —2621.
Tor instrument transformer grounding, see Order 13-26

Order 13-2512. Two-Wire Direct-Current Sy?tem%. . o el
Two-wire direct-current systems supplying 11'11;@1;&1't vtrn S'E;n i
ting at not more than 300 volts between con lue 018‘,' ; L
Opiel‘ﬁ ded, unless such system is used for supplying md}lgtna equ pd
i‘llgllll: in ,iimited aveas and the cireuit is equipped with a groun
detector.

3 rating at
Tt is recommended that 2-wire direct-current systems operating

e than 200 volts between conductors be Igl‘cundcc‘l if a uiui.l;:lral,:.cg‘?;z:
| tablished such that the maximum differenee of upter} i =)
ol 83‘2{- oint and any other point on the system docs no tv.:: v
E D‘s recommended that 2-wire direct-current systems be .
kL vadlel:i. 1ITF 1t‘he voltage to ground of either conductor would exce
5;;!)“:'101& after grounding. See Order 13-2522.

Order 13-2513. Three-Wire Direct-Current Systems. o
The neutral conductor of all 3-wire direct-current systems supplying
* [
interior wiring shall be grounded. See Order 13-2522.

mating-Current Systems.
Order 13-2514. Alternating-Curren . L B
Secondary alternating-current systems supplying interior w&;:jni:
and interior alternating-current wiring systems, shall be g‘rom:i -
they can be so grounded that the maximum voltage to groun .
not exceed 300 volts.
Higher voltage circuits may be grounded.

Order 13-2515. Furnace Circuifs.
Tlectric furnace circuits need not be grounded.

Order 13-2516. Electrie Crane Circuits. . -

Circuits for electric cranes operating over cnmbustlbles ﬁbeéid;r;
@lags 111 hazardous locations shall not be grounded, See O
13-5083,
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Order 13-2517. Circuits of Less Than 50 Volts.

Circuits of less than 50 volts need not be grounded, except as
follows:

A. If supplied by transformers from systems of more than 150
volts to ground, except as provided in paragraph C of Order 13-2545;

B. If supplied by transformers from ungrounded systems;

C. If run overhead outside of buildings.

LOCATION OF GROUNDING CONNECTIONS

Order 13-2521, Current Over Grounding Conductors.

The grounding of wiring systems, circuits, equipment, arresters,
cable armour, conduit, or other metal raceways as a protective meas-
ure shall be so arranged that there will be no objectionable passage
of current over the grounding conductors. The temporary currents set
up under accidental conditions, while the grounding conductors are
performing their intended protective functions, are not to be con-
sidered as objectionable. If an objectionable flow of current oceurs
over a grounding conductor, due to the use of multiple grounds, (1)
one or more of such grounds shall be abandoned, or (2) their location
shall be changed, or (3) the continuity of the conductor between the
grounding connections shall be suitably interrupted, or (4) other
means satisfactory to the authority enforcing this code shall be taken
to limit the current.

Order 13-2522. Grounding Connection for Direct-Current Systems.

-Direct-current systems which are to be grounded shall have the
grounding connection made at one or more supply stations but not at
individual services nor elsewhere on interior wiring,

Order 13-2523. Grounding Connection for Alternating-Current Systems.
Secondary alternating-current circuits which are to be grounded
shall have a connection to a grounding electrode at each individual
service, except as provided for in Order 13-2521, The connection shall
be made on the supply side of the service disconnecting means. Each
secondary distribution system which is grounded shall have at least
one additional connection to a grounding electrode at the transformer
or elsewhere. No connection to a grounding electrode shall be made
to the grounded eircuit conductor on the load side of the service dis-
connecting means, except as provided for in Order 13-2524.

Order 13-2524. Two or More Buildings Served by a Single Service.

If more than one building is served by the same service, the
grounded circuit conductor of the wiring system of any building util-
izing one branch ecircuit supplied from such service may be connected
to a grounding electrode at such building, and in the case of any build-
ing utilizing two or more bhranch circuits supplied from such service,
and in the case of a building housing live stock, shall he so connected,
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way system is used in any such building suppllec}
raceway or any comnected non
ble from any grounded surface,
al conductor shall be bonded
ode at the

! When a metal race .
from a single service and this metal.
current carrying metal part is aicessx y
the metal raceway system and the neutr .
together and connected to an approved ground electr

entrance to the building.

Order 13-2525. Conductor to be Grounded.
Tor alternating-current interior wiring syste
be grounded shall be as follows:
A. Single-phase, 2-wire: the identified conductor;
B. Single-phase, 3-wire: the identified neutral conductor; '
C. Multi-phase systems having one wire commeon to all phases:
identified common conductor; . ‘
- 1](fi)‘.3 Multi-phase systems having one phase gmunde:d: the identi-
fied conductor; ‘ . . |
E. Multi-phase systems in which one phase is used as in (B): |
the identified neutral conductor. One phase only can be grounded.

The identified conductor is commonly known as “the white wire.

ms the conductor to

er 13-2526, Isolated Systems. ‘
Or;‘or an interior wiring system or circuit wbich is 1'equ11'e(? t';t(‘}.bbe
orounded and which is not connected to an exterior secondaryhdlstu 1;:
Zion system, the grounding connection shall be made at t_ ehbrand
former, gencrator, or other source of suppl}f, or at the switchboara,
on the supply side of the first switch controlling the system.

CONDUCTOR ENCLOSURES

Order 13-2531. Exposed Metal. e .
Exposed conductive materials enclosing electric conductors are
grounded for the purpose of preventing a potential above ground on

the enclosures.

Order 13-2532. Service Conductor Enclosures.
Service raceways, service cable sheaths or armoring, if of metal,

shall be grounded.

Order 13-2533. Other Conductor Enclosures.
’ Metal enclosures for conductors shall be grounded, except in runs of
~ less than 25 feet which are free from probable contact with ground or
- -g’i‘ounded metal and which, if within reach from grounded surfaces,
are guarded against contact by persons.

1

Order 13-2534. Spacing from Lighining Rods.

Metal enclosures of conductors shall, wherever practicable,_bg kept
- ab least 6 feet away from lightning rod conductors. Where it is not
. - practicable to secure 6 feet separation, they shall be bonded together.
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EQUIPMENT

Order 13-2541. Exposed Metal.

Exposed conductive materials enclosing electrie equipment, or form-
ing a part of such equipment, are grounded for the purpose of
preventing a potential above ground on the equipment.

Order 13-2542. Fixed Equipment.

General. Under any of the following conditions, exposed, non-cur-
rent-carrying metal parts of fixed equipment, which are liable to
become energized, shall be grounded:

A. If equipment is supplied by means of metal-clad wiring;

B. If equipment is located in a wet loecation and is not isolated;

C. If equipment is located within reach of a person who can
make contact with any grounded surface or object;

D. If equipment is located within reach of a persen standing on
the ground;

E. If equipment is in a hazardous location; see Section 13-500;

F. If equipment is in electrical contact with metal or metal lath;

G. If equipment operates with any terminal at more than 150
volts to ground, except as follows:

1. Enclosures for switches or circuit-breakers where accessible
to qualified persons only;

2. Metal frames of electrically-heated devices, exempted by
special permission, in which case the frames shall be permanently
and effectively insulated from ground;

3. Transformers mounted on wooden poles at a height of more
than 8 feet from the ground. See Order 1033-B, Volume 1.

Order 13-2543. Fixed Equipment.—Specific
Specific. Exposed, non-current-carrying metal parts of the following
kinds of equipment, regardless of voltage, shall be grounded:
A, Frames of motors as specified in Order 13-4436;

B. Controller cases for motors, except lined covers of snap
switches;

C. Electric equipment of elevators and cranes;

D. Electric equipment in garages, theatres and motion picture
studios, except pendent lamps on circuits of not more than 150 volts
to ground;

E. Motion picture projection equipment;

F. Electric signs and associated equipment, unless these are in-

accessible to unauthorized persons and are also insulated from ground
and from other conduetive objects;

G. Generator and motor frames in an elecfrically operated organ,
unless the generator is effectively insulated both from ground and
from the motor driving it;
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H. Switchboard frames and structures supportir}g 1sw11;1u:;"1r1irl:;g
equipment, except that frames of direct‘-currt%nt, smg.e—po y
switchboards need not be grounded if effectiw..aly insulated; .

I, X-ray tubes used in therapy. For exceptions see Order 13-6633.

For instruments, meters and relays, see Orders 18-2622 to 13-2624.

Order 13-2544, Non-Electrical Equipment.
The following metal parts shall be grounded:

A. Frames and tracks of electrically operated cranes;

B. The metal frame of a non-electrically driven elevator car to
which electric conductors are attached; .

C. Hand-operated metal shifting ropes or cables of electric ele-
vatGrDS.l Metal enclosures such as partitions, grill work, ete., agr}d
equipment carrying voltages in excess of 760 volts between c;ndu 115,
unless in substations or vaults under the gole control of the supply
company.

Order 13-2545. Portable Equipment. .
Under any of the following conditions, exposed non-current-carrying
metal parts of portable equipment shall be grounded:
A. In hazardous locations;
B. If operated at more than 150 volts to ground, except:

1. Motors, if guarded;

2. Metal frames of electrically-heated appliances exempted by
Order 13-4238;

3. Enclosures for X-ray tubes used in therapy exempted by
Order 13-6633.

C. In other than residential oceupancies, exposed metal parts of
portable appliances used in damp or wet locatlc:ns, 'or_hy persom;
standing on the ground or on metal floors or working 11‘131.(16 of 'matah
tanks or boilers, shall be grounded, except where supplied thmu?;o
an insulating transformer with ungrounded secondary of mot over
volts,

This paragraph shall not be construed to prohibit the use of la.n
insulating transformer with a secondary voltage greater than 50 volts,
if the exposed metal parts of the appliance connected to .such a traf‘lsf-
former are grounded, and provided other conditions of this section are
Tulfilled. ) . —

It is recommended that the non-culrent carrying metal parts of a
portable motors and other electrically operated eguipment which operate
at more than 50 volts and less than 150 velts to ground be grounded.

Order 13-2546. Spacing from Lightning Rods.

Metal frames and cases of electric equipment shall, wherever prac-
ticable, be kept at least 6 feet away from lightning rod conductors.
~ Where it is not practicable to secure 6 feet separation, they shall be
‘bonded together.
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METHODS OF GROUNDING

Order 13-2551. Effective Grounding.

The path to ground from cireuits, equipment, or conductor en-
closures shall be permanent and continuous and shall have ample
carrying capacity to conduct safely any currents liable to be imposed
on it, and shall have impedance sufficiently low to limit the potential

above ground, and to facilitate the operation of the overcurrent
devices in the cirenit.

Order 13-2552. Grounding Conductor to Circuit.

The grounding conductor may be connected to the grounded cireuit
conduetor at any convenient point on the premises on the supply side
of the service disconnecting means.

Order 13-2553. Common Grounding Conductor.

The grounding conductor for cirveunits may also be used for ground-
ing equipment, conduit and other metal raceways or enclosures for

conductors, including service conduit or eable sheath and service
equipment.

Order 13-2554, Common Grounding Electrode.

Where the alternating-current system is connected to a grounding
electrode in or at a building as specified in Orders 13-2523 =nd 13-
2524, the same electrode shall be used to ground wire enclosures and
equipment in or on that building.

Order 13-2555. Underground Service.

Where served from a continuous underground metal-sheathed cable
system, the sheath or armor of underground service cable metallically
connected to the underground system, or underground service conduit
containing a metal sheath cable bonded to the underground system,

need not be grounded at the building and may be insulated from the
interior conduit or piping.

Order 13-2556. Short Sections of Raceway.

Isolated sections of metal raceway or cable armor, if required to be
grounded, shall preferably be grounded by connecting to other

grounded raceway or armor, but may be grounded in accordance with
Order 13-2557.

Order 13-2557. Fixed Equipment.

Metal boxes, cabinets and fittings, or non-current-carrying metal
parts of other fixed equipment, if metallically connected to grounded
cable armor or metal raceway, are considered to be grounded by such
connection. If not so connected they may be grounded in one of the
following ways:

A. By a grounding conductor run with civenit conductors; this
conductor may be uninsulated, but if it is provided with an individual

covering and is part of a cable, the covering shall be finished to show
a green color;

; 8 1
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B. By a separate grounding econduetor installed the same as a
gl-oﬁﬁding conductor for conduit and the like; :

C. Bjr special permission, other meansg for g
ment may be used.

rounding fixed equip-

5 i 1 -al Metal.

y 13-2558. Equipment on Stiuctlua. | ‘
Olgf;ctrical equipment secured to and in contact with tll:a g::;l;]él;él
styuctural metal frame of a building, shal} hf: deemed totteeied 4 01..
Metal car frames supported by metal hoisting }(:.ahles }::.auabe ma

tor machines s
ine over sheaves or drums of eleva 2 4 =
:,Enséngrounded if the machine is grounded in accordance with this

code.

; ' i ;
Order 13-2559. Portable Equipmen ’ .
Non-current-carrying metal parts of portable equipment may be
: ed in any one of the following ways: ‘
gwuj;d By meafls of the metal enclosure of the conductors f‘eedlmgt
such e-quipment, provided an approved multi?ron;gc‘hpluge::l iql[il::l;;: 1:;
: rounding the m g
is used, one prong for the purpose of grou _
1asnd prt;vided, further, that the metal enclosure is attached to 1.;he plug
and to the equipment by connectors approved for tl‘lt; ﬂmﬁrpzéﬁ,uit o
i ductor run wi e -
B. By means of a grounding con ! ol
i i + flexible cords, provided an app
ductors in cable assemblies or i
i i i ed, one prong for the purp
multi-prong plug or equivalent is used, R
i i tor to the grounded metal r
connecting such grounding eonduc t 1 Worwom
i lated but if an indivi
« cable armor; this conductor may be uninsu ] :
Ztlwc:ring is prc;vided for this conductor, it shall be finished to show
reen color; . : ‘
3 B'l*ée By mq’eans of a separate flexible wire or str.slp, {ns_ulated o1
bare, protected as well as practicable against mechanical injury.

ic Ranges.
Order 13-2560. Frames of Electrlc.
Frames of electrie ranges shall be grounded by any of the‘ mezng
provided for in Orders 13-92557 and 13-2559, or they may be grounde
by connection to the grounded circuit conductors. .

Order 13-2561. Grounding Equipment to Circuit Co'nductfort.h -

The grounded service conductor on the supply gide o 1 zi Ee i
disconnecting means may be used fpr _gmundmg rmaterthcm1 " g .
service equipment. The grounded cireuit conductor on the lo; i
of the service disconnecting means shall not be used fctfl ,?;irf)u ara&i
‘equipment, cable armor, or metal raceways except as provided in p
graph C of Order 13-2557 and in Order 13-2560.

BONDING

* Order 13-2571. Bonding at Service Equipment.

Where the supply is from an overhead distribution sy.stem th_e elec-

trical continuity of the grounding circuit for the followxfug e(!mpment

] and enclosures shall be assured by one of the means given in Order
13-2572:

.
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A. Th i i
2 Alle ser\’?we raceways or service cable armor or sheath;
c{)ndu;;torg s.arxlru‘:f_ equipment enclosures containing service entrance
v T8, including meter fittings, boxes or the like, interposed in
e service raceway or armor;

C. An Cc‘nduit or a i
, ; " .
. L' ; rmory ‘\'\'hlch fOIm% part Of the Y (]undlng con

Order 13-2572. Means of Assuring Continuity,

4 1 co]ltlnu v
] IQCtIICa it at e e
service qmpment S]Ia]l be assu]ed by one

A. Bonding equi
quipment to the Vi i
manner provided in Order 13-2613. BRSNS R R

B. Thre i
s e G e e e, 2
electrical metallic ti‘%ﬁ;“gs made up tight for rigid conduit and
ti“"'Dﬁ‘flr‘}i?:;ngjulezﬂirihmﬁeting the other requirements of this sec-
knockouts which are 'plul;chid tl:: olic;ﬁ-\xf;mund i gy . seckikric
electrical connection to ground. se formed so as to impair the

E. Other devices i
-l (not locknuts and bushings) approved for the

Order 13-2573, Metal Armor or Tape of Service Cable.

With i i i
4 R insz::::.e cable havfng an uninsulated grounded service con-
i m?;oust electrical contact with its metallic armor or t
covering is considered to be adequately grounded e

Order 13-2574. Voltages Exceeding 150 Volts,

Th i inui
. he ceiii:;l;::l continuity of metal raceway or metal sheathed cable
e Oir;yoio:};iuctozho% more than 150 volts to ground shall
e methods specified in Ox —
and E or by one of the following methods: PESERSRR L

A. Threadless fitti i i
b tings, made up tight, with conduit or armored

B. o
Two locknuts, one inside and one outside of boxes and cabinets

Order 13-2575. Loosely-Jointed Metal Raceways.

N IE::Is;mr; ,]oil::ts and te]escoplmg sections of raceways shall be mad
e tmy hon inuous by bonding jumpers or other approved me ]
ugh raceways used in connection with sound recording Z]::;

g, d
P PIlns Ct;lDIlS Sha ] tai
re \Ioducnl made u e » l con mn a gll’]u"dl]lg Colldllct(n

Order 13-2576. Hazardous Locations.

In i Vi Volv alec-
7 lhazar(-iou.ﬂ locatlonﬂ, I‘(?g’ardless Of the oltag‘e i]'l D] ed the I
tIlca C{J]ltmulty Of meta]llc raceway, hOXeS and the likel Shal] be
L]

assured by one of the met i i
et Bl ol 1ethods specified in sub-paragraphs B, C, D
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Order 13-2577. Bonding Jumpers.
Bonding jumpers shall conform to the following:
A. Material and Size. Bonding jumpers ghall be of copper ov
other corrosion-resistant material and shall be of sufficient size to
: have current-carrying capacity not less than is required for the cor-

responding grounding conductor;
ttached to cabinets

B. Attachment. Bonding jumpers shall be a
and the like in a manner provided in Order 13-2613; where used be-

tween grounding electrodes or arvound water meters and the like,
they shall be attached in a manner provided for in Order 13-2614.

GROUNDING ELECTRODES

Order 13-2581. Water Pipe.

A metallic underground water piping system, either local or supply-
ing a community, shall always be used as the grounding electrode
where such a piping system is available. If the buried portion of the
metallic piping system is less than 50 feet excluding well casings, or
has a resistance to ground of more than 3 ohms, the piping system

ground shall be augmented by at least 2 grounding electrodes recog-
nized in Order 13-2583 wherever the civeuit or non-current carrying

parts are required to be grounded.

Order 13-2582. Other Available Electrodes.

Where a water system as described in Order 13-2581 is not avail-
able, the grounding connection may be made to any of the following
if the resistance to ground is less than 3 ohms or the metal is supple-
mented by two electrodes of the type recognized in Order 13-25683:

A. The metal frame of the building, if effectively grounded;

B. A continuous metallic underground gas piping gystem;

C. Other local metallic underground systems, such as piping,
tanks, and the like.

Order 13-2583. Made Electrodes.

Where electrodes described in Orders 13-2581 and 13-2582 are not
available, the grounding electrode shall consist of a driven pipe, driven
rod, buried plate or other device approved for the purpose and con-
forming to the following requirements:

A. Plate Electrodes. Each plate electrode shall present not less than
2 square feet of surface fo exterior soil. Electrodes of irom, or steel
plates shall he at least 14 inch in thickness. Eleetrodes of non-ferrous
metal shall be at least 0.06 inch in thickness.

B. Pipe Electrodes. Electrodes of pipe or conduit shall be not smaller
than of the %-inch trade size and, if of iron or steel, shall have the
outer surface galvanized or otherwise metal-coated for corrosion
protection.

C. Rod Electrodes. Electrodes of rods of steel or ivon shall be at
least 5 inch in diameter. Approved rods of non-ferrous materials or

~
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their approved equivalent
used for +
¥ G0k fi dinrasben. or electrodes shall be not less than

be(llf."i. gnstauatian. Electrodes should, as far as practicable, be em-
s e i::elow permanent moisture level, Except where rock l;ottom is
regg;él] red,fm}.}es or rods shall be driven to a depth of at least 8 feet
€85 of size or number of electrodes used. Pi
. : . Pipes or rods w
]?25. tléan stfmdard commercial length shall preferably be wagii
Ee Zz.veuc;l pipes or rods shall have elean metal surfaces and shall not
e izCkwI;Z]itpam_t, enamel or other poorly conducting materials
om 1s encountered at a depth of less than 4 l
felfactrodes shall be buried in a horizontal trench, and if pipel; or f‘?:lté
:jlfetl:lised a‘.is the 31&5}1;;0(1(& they shall comply with paragraphs B and C
s order and shall not be less than 8 feet in 1
trode shall be separated at least 6 fe A
. et from any other electrode, i
cluding those used for si ircuits, radi  Hioe sain s
e o signal circuits, radio, lightning rods, or any

E ception: 1. In baseme W 2 an Li]
1 nts here an § fo 0 or D}IJB cannot b

o io ot rod
driven because of the low ce‘IImg height and where the baﬁﬁl'(le“l floor
level is at least 2 feet below the surround e 801  pip
u ing outside so 1, a rod or Pipe

Order 13-2584. Resistance.

sy:fe :j)eislf;,;s:ar;e to ground of an underground piping or metallic
e el s:n 3 ohms, tw_/o made electrodes must be added to
o g electrodes. If a single made electrode does 1ot have ¢

stance to ground of less than 25 ohms, two made electrodes shal‘;

be installed. The dist: y
ey e distance between made electrodes shall be at least

Order 13-2585, Railway Tracks.

Rai W LaN
.- bés ﬁ:egt:::l agtounded t.:onductors of electric railway circuits shall
e (i 5. ground for ?ther than railway lightning arrvesters
oo 01;hq‘ p;fneni.:, conduit, armored cable, metal raceway, and
o fl : er effective grounds are available; and in no case ’shall
rails or other grounded conductors of railway cireuits be used

g dl g1 r 1
fﬂl roundain, ntEIlo WIirly B Stelﬂs tlleI ]l&n (o] u
2 ¥ 0 t th se s pphﬂd fr(]l'll

Order 13-2586. Use of Lightning Rods.

tr;[:ilegshl;ilslgg ;:od conduct_ors a}'ui dr_iven pipes, rods or other made elec-
' ol :;r gg(.)undmg lightning rods, shall not be used in lieu
g s5_2;:“:0un ing elect.rudes required by this section for ground-
e e f);rh%lc;lih an};i eqL_upment. The foregoing provision shall not
ks i e onc}mg together of the several made electrod
are respectively provided for electrie wiring systems and eq?;igs

ment, for communication svst: i i
i 1 SRAT B systems, and for lightning protection, (See
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GROUNDING CONDUCTORS

Order 13-2591. Material. .

The material for the grounding conductors shall be a

A, For System or Common Grounding Conductor. The grounding
conductor of a wiring system shall be of copper or other corrosion-
resistant material. The conductor may be solid or stranded, insulated
or bare. Except in cases of bus bars, the grounding conductor shall be
without joint or splice throughout its length, If the grounding con-
ductor is not of copper, its electrical resistance per linear foot shall
not exceed, and its tensile strength shall not be less than that of the
allowable copper conductor for such a purpose.

B. For Conductor Enclosures and Equipment Only. The grounding
conductor for equipment, and for conduit and other metal raceways or
enclosures for conductors, may be a conductor of copper or other cor-

resistant material, stranded or solid, insulated or bare, a bus
rigid conduit, steel pipe or electrical
der conditions favorable to corrosion
ther corrosion-resistant

s follows:

rosion
bar or other conductor, or a
metallic tubing, except that un
the grounding conductor shall be of copper or o

material.

Order 13-2592. Installation.

A grounding conductor, No. 4 or larger, may be attached to the
surface on which it is carried without the use of knobs, tubes or
insulators. It need not have protection unless exposed to severe
mechanieal injury. A No. 6 grounding conductor, which is free from
exposure to mechanical injury, may be run along the surface of the
building construction without metal covering or protection, if it is
rigidly stapled to the construction; otherwise, it shall be in conduit,
electrical metallic tubing or cable armor. Grounding conductors
smaller than No. 6 shall be in conduit, electrical metallic tubing or
cable armor. Metallic enclosures for grounding econductors shall be
continuous from the point of attachment to cabinets or equipment to
the grounding electrode, and shall be securely fastened to the ground
clamp or fitting. Where rigid metallic conduit or steel pipe is used as
a grounding conductor, the installation shall comply with the require-
ments of Section 13-346; where electrical metallic tubing is used, the
installation shall comply with the requirements of Section 13-348.

Order 13-2393. Direct-Current Circuits. -

The carrying capacity of the grounding conductor for a direct-
current supply system or generator shall be not less than that of the
largest conductor supplied by the system, except where the grounded
cireuit conductor is a neutral derived from a balancer winding or a
balancer set protected in accordance with requirements of paragraph
O of Order 13-4454, the size of the grounding conductor shall not be
less than that of the neutral conductor. The grounding conductor shall
in no case be smaller than No. 8 copper.
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Order 13-2594. .

A. Wiring éAitematmg-Current Circuits and Service Fqui

; { 1 1
of the groundin ?g’ ::;dand Common Grounding Conductor qupme?lt.
& common groundin uctor for an alternating-current g 51.; he size
following tahle g conductor shall not be less than isy tem or for
in Order 13 2:588?3{)%512 that where connected to made olectrodas P
L T e conductor electrodes (as

co : . need .

ppe;‘ Wwire or its equivalent in carrying :;(;tac}iafy larger than No. ¢

Size of Largest Service
Size of Copper

Conduetor or Equj
0 quivale:
for Muitipla Conductolg @
rrotinding Conductor
. . AWG. No.

2 or gmaller
or0____
%o ar 000 :
ver 000 to 850,000 g
853: ggo,ooo eda. to 600,006 s :
Quer 600,000 e.m. to 1,160 000 c.1 0
T 1,100,000 e.m, . e 0
________________________ 0
000

B. If the wir
in ;

of a grounding coid?;ite,m is not grounded at the premises, the g
or armor of a servi or for a service raceway, for the metal heatt
less than is given i ICS} cable, afld for serviee equipment ]j al sheath
fo made electrodes Il(aslinfogoy ing table, cxcept that where iljnbe ::mé:

larger th rder 13-2583) th necte
an No. 6 copper or its eqmvalent) in :agﬁ;iitgtcf ne‘id ot be

pacity.

Size of Grounding Conductor

Size of Lan X .
C gest Serviee : Electr§
fo[r’nﬂfﬁ?;[?g&}g"altent Capper C“"Pdi};lt or I\‘I(luctélilciil
uctors Wi . e i
' ine . d
8 3 {inch)
1] ¥3
4 ;5 ]_%
Z (¢ 1
9 # ¥
114
00 1 2
000 1 2
2

OI' e I 3—259.; I ter 100 Racew ay a Equlp nt
d I « AN i nd
y ment.

The size of th
& groundin, d
armor, and other g conductor for conduit
for equipment, ;h;ille?; ;a:e'\ivays or enclosures fozt gillziiicstheath "
except that ot less than given i clors, and
b where comnected to electrodes ;Isl iicf?ll)lof i (t)able,
ibed in Order

13-2583, the .
: ’ groundin
or its equivalent: g conductor need not be larger than No 6 ¢

. opper

Ratin, : .
& or Setling of Automatic Size of Grounding Conduetor

Ovemu,- N * -
Equipmﬂﬁf}%}gﬁé’:ﬁi in Cireuit Ahead of
R
ar Pipe ocallic
! Ho. (Tnch) Tubing
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300 8 ié iz
00 ] iz
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2

*Per missible only w 243 .
Y o ovel e embly.
[ he, part of an approved cable ags b
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Order 13-2596. Portable and Pendent Equipment.

For grounding portable or pendent equipment, the conductors of
which are protected by fuses o¥ circuit-breakers rated or set at not
exceeding 20 amperes, No. 18 copper wire may be used. Conductors
of Nos. 16 or 18 eopper which are used for grounding portable equip-
ment shall be part of an approved flexible cord assembly, For ground-
endent equipment protected at more than 20 amperes,

132595 shall be followed.

ing portable or T
the table in Order
Order 13-2597. Outline Lighting.

Jsolated non-current-earrying
tems may be bonded together by a No. 14
mechanical injury, if a conductor complyin

used to ground the group.

metal parts of outline lighting sys-
conductor protected fromm

g with Order 13-2596 is

Order 13-2598. Common Raceway.

¢ conductor may be run
tern to which

A groundin in the same metal raceway with
it ig connected.

otner conductors of the sys

Order 13-2599. Continuity.

No automatic cutout or gwitch shall be pl
conductor of ar interior wiring system unles
cutout or switch disconnects all sources of energy.

aced in the grounding
s the opening of ihe

GROUNDING CONDUCTOR CONNECTIONS

ding Conductor to Raceway.
rounding conductor to interior metal
¢ near as practicable o
r cable

Order 13-2611, Groun

The point of connection of the g
yaceways, cable armor and the like shall be a
the source of supply and shall be so chosen that no raceway o
aymor is grounded through a run of smaller size than is called for in

Order 13-2595.

Order 13-2612. Grounding C
The grounding conmection to the electro

follows:

onducior to Electrode.
de shall be located as

A. T'o Water Pipes. System or common grounding conductors shall
be attached to a water piping system on the street gide of the water
. meter or on a cold water pipe of adequate current-carrying capacity

. as near as practicable to the water service entrance to the building.
17 the source of the water supply is from a driven well in the bage-
- ment of the premises, the conneetion shall be made a8 near as prac-
" ficable to the well, Where practicable, the point of attachment shall

t is nmot on the street side of

" be sccessible. If the point of attachmen
the water meter, the water piping system shall be made electrically

‘ continuous by bonding together all parts between ihe attachment and
the street side of the water meter or the pipe entrance which are
liable to become disconnected, as at meters, valves and service unions.
Tquipment may be grounded to a cold water pipe near the equipment.
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B. To Gas Pi ;
pes. The point of :
Yo was v of attachment of 5
andgshaﬂll;;mg shall always be on the street s?dgmfl'l e
e accessible where practicable e of the gas meter,

C. To Other Elect
des. The g1 ;
t gt e groundin
o other electrodes permitted in Orderg i;llggggﬂiigalll;?gsﬁggtached
= at a

point which will assur
i ‘e 4 perma 3
point of attachment shall be acrt:::;ibglzound. VTR SIS ik

Ord =
er 18-2613, Attachment fo Circuits and Equipment

The g‘lt)m!dlll onductor (4] b d 24 I be ﬂttac ed
gc d ct ] b nd, or bondin Ju]]lpel Shal h

to (‘.']rcmt\s D]']d y BQ P (]
C lllts cablnetﬂ
] '] equl l'ﬂent, ﬂnd the llku W}llC]l are to
be glOllllde, by means of Su”}able Iugb’ Pressure CGnTlCCtOIS cl m
] a DS,

or other approved m
eans ;
solder shall not be St except that connections which depend upon

Order 13-2614, Attachment to Electrodes,

tr(:.:‘il;ebirc:;::dmg conductor shall be attache
i g zim;a of (1) an approved bolted
- plain oz: malleable cast iron
Othex: approved deviee, serewed into the,
Shatlell beeqzﬂlyhsa.:ihstantial approved me
ached to t i
Pressure connectors, chl‘;n%;zunci-mg .
connections which depend upc;n sol
one conductor shall be conne to
single clamp or fitting: e
for such use. N

d to the grounding elec-
clamp of cast bronze or
or (2) a pipe fitting, plug, or
pipe or into the fitting, or r(3)
ans. The grounding conductor-
B ing by means of ‘suitable lugs
er approved means, except tha‘;
dde;) shall not be used. Not more than
o i the gr.uunding electrode by a
e clamp or fitting is of a type approved

Order 13-2615. Ground Clamps.

For the groundi
ing conductor of gz
strap type of o -Lor oL a wiring gyste
rigid ni;lialobaizoz::t:éamp tllf not considered agequlzt: }:lillz];:eiﬁ: ]I?Etal
strap is =0 ONL7W1E water pipe or other el 28 4
duriII: of such rPabenal and dimensions that it i er ele.ctrode and the
g or after installation, 1t 18 not liable to stretch

Ground eclam
ps for use
s on copper -
vm:iizie)épirs};:uld preferably be paf ;;;ilr 3
on pipe shoul : ;
o0 . ould prefe
signed as to avoid mechanical lnr;:ﬁ‘];: 4

bing and copper, brass or
and those for use on g’;ab

of galvaniz
to pipe. ed iron and so

Orger 13-2616. Protection of Attachment
Y.thmund clamps or other fittings :
without protection, shall be protec’t
J(;ryb (1) .by being placed where the

) by being enclosed in metal, woo

Order 13-2617. Clean Surfaces,

unless approved for general us
ed from oirdinary mechanical _'[n‘f
dy are n?t liable to he damaged or
» Or equivalent protective covering

used on the § ; g such as pai i n
shall be remozgzllf)gi?tt:hccngun' couplings or ﬂttr;nlgr;t f;;cinameil;, o
i Teads and . 4 coatin

insure a good electrical connection other contact surfaces in order tf
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INSTRUMENT TRANSFORMERS, RELAYS, ETC.

Order 13-2621. Instrument Transformer Circuits.

The secondary cirvcuits of current and potential instrument trans-
formers shall be grounded if the primary windings are connected to
cirveuits of 300 volts or more to ground, and, if on switchboards, shall

be grounded irrespective of voltage.

Order 13-2622. Instrument Transformer Cases.

Cases or frames of instrument transformers ghall be grounded,
except that cases or frames of current transformers, the primaries
of which are not over 150 volts to ground and which are used exclu-
sively to supply current to meters, need not be grounded.

Order 13-2623. Cases of [nstruments, Meters and Relays.

Operating Voltage 750 or Less. Instruments, meters and relays

which operate with windings or working parts at 750 volts or less

shall be grounded as follows:
A. Not on Switchboards. Instruments, meters, and relays not lo-
cated on switchboards, which operate with® windings or working parts
at 300 volts or more to ground, and accessible to other than qualified
persons, shall have the cases and other exposed metal parts grounded;
B. On Dead Front S witehboards, Instruments, meters and relays
(whether operated from current and potential transformers, or con-
nected dirveetly in the cireuit) on switehboards having no live parts on
the front of the panels shall have the cases grounded;
Switehbowrds. Instruments, meters and rvelays
rent and potential transformers, or con-
nected directly in the cireunit) on switchboards having exposed live
parts on the front of panels shall not have their cases grounded. Mats
of insulating rubber, or other suitable floor insulation, shall be pro-
vided for the operator if the voltage to ground exceeds 150.

C. On Live Front
(whether operated from cur

Order 13-2624. Cases of Instruments, Meters and Relays.

Operating Voltage Over 750, Where instruments, meters and relays
have current-carrying parts over 750 volts to ground, they shall be
isolated by elevation or protected by suitable barriers, grounded metal
or insulating covers or guards. Their cases shall not be grounded,
except as follows:

A, Tn electrostatic ground detectors the internal ground segments
of the instrument are connected to the instrument case and grounded;

the ground detector ghall be isolated by elevation.

Order 13-2625. Instrument Grounding Conductor.

The grounding conductor for secondary circuits of instrument trans-
formers and for instrument cases shall not be smaller than No. 12,
if of copper, or, if of other metal, shall have equal conductance.




80 VOLUME 2—ORDER 13-2631

LIGHTNING ARRESTERS

~ Order 13-2631, On Secondary Services, 750 Volts or Less.

Where a lightning arrester is installed on a secondary service, the
connections to the service conductors and to grounding conductor shall
be as short as practicable. The grounding conductor may be (1) the
grounded service conductor, or (2) the commnion grounding conductor,
or (3) the service equipment grounding conductor, or (4) a separate
grounding conductor. The bonding or grounding conductor shall be of
copper not smaller than No. 14 or of equivalent corrosion-resistant
material.

Order 13-2632. On Primary Circuits,

The grounding conductor of a lightning arvester protecting a trans-
former which supplies a secondary distribution system may be inter-
connected solidly or through a gap with the grounded conductor of
such transformer, provided that in addition to the direct grounding
connection at the arrester either:

1. The secondary has elsewhere 2 grounding connections at least
20 feet apart to extended underground water piping systems or to
artificial grounds complying with Order 1038. One or both of thess
connections may be at customers’ entrances,
2. The secondary neutral is common with the primary neutral and
is grounded in the manner indicated in Order 1031, B, 5.
Note: See definition of lightning arrester Order 1020,

SECTION 13-280. LIGHTNING ARRESTERS
INDUSTRIAL STATIONS
Order 13-2801. Where Required.

Lightning arresters shall be provided in industrial stations in loca-
tions where thunder storms are frequent and adequate protection
against lightning is not otherwise provided.

For lightning arresters in hazardous locations, see Section 13-500.

Order 13-2802. Number Required.

A lightning arrester shall be connected to each ungrounded overhead
conductor entering or leaving the station, except that where there is
more than one cireuit, a single set of arresters may be installed on
the station bus if means are provided to protect cirveuits that may
remain disconnected from the bus. .

Order 13-2803. Where Connected.
The arrester shall be connected on the line side of all connected
station apparatus.
OTHER OCCUPANCIES

Order 13-2811. Utilization Equipment,

Lightning arresters installed for the protection of utilization equip-
ment may be installed either inside or outside the building or enclosure
containing the equipment to be protected. Arvesters, unless isolated by
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elevation or made otherwise inaccessible to unquali-ﬁed_persons, shasls
be enclosed, and if the operating voltage of the f:u-cult exceeds ';ed
volts between conductors they shall be inaccessible to unquali

persons.

GENERAL

Order 13-2821. Location.

Indoors. Arresters installed indoors shall.be located well.av‘fay frmg
other equipment, passageways and combustible parts &:Jf buildings, aﬁ
if containing oil shall be separated from other equipment by walls
meeting the requirements of Order 13-4542,

Order 13-2822, Location, -
Outdoors. If arresters containing oil are located o.utdoors, provision
shall be made to drain away any accumulation of oil.

011 may be drailned away by ditches and drains or the oil may be
absorbed and danger of spreading removed by paving t]_':e vard with
cinders or other absorbent material to a depth of several inches,

Order 13-2823. Connections.

The connections between the arrester and the 1in.e wire or bus, and
between arrester and ground shall be of copper wire or cab!e or the
equivalent, and, except as provided on secondary services in Order
13-2631, shall not be smaller than No. 6, and shall be 1¥1ade as short
and as straight as practicable, avoiding as far as possible all bends
and turns, especially sharp bends.

Order 13-2824. Insulation,

Lightning-protection accessories such as gap electrodes, and choke
coils if used, shall have an insulation from ground or from ‘other con-
ductors at least equal to the insulation required at other points of the
circuit.

‘Order 13-2825. Isolating Switch.
If isolating switches or disconnecting devices are used, they shall

i i iti i ts 10
withstand, in full open position, a voltage test between l_1ve par
per cent i,n excess of the maximum voltage test they will withstand

to ground.

Order 13-2826. Grounding. . _
Lightning arresters shall be grounded in the manner prescribed in
Section 13-250.
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Chapter 3. Wiring Methods and Materials

SECTION 13-300. GENERAL REQUIREMENTS FOR WIRING
METHODS

On premises where a continuous extensive underground metallic
water-piping network system is not available as a grounding electrode,
and where it is not practicable otherwise to secure a ground of per-
manently low resistance (below 3 ohms), the use of a wiring method
which does not employ metal enclosures for the wires is recommended,
unless the character or occupaney of the building is such as to require
the use of a metal-enclosed wiring system. In general, metallic race-
way systems should not be used for the interior wiring but may be
used for the service entrance.

The intent and purpose of the following rules is to provide that
conductors shall have mechanical strength, insulation, and carrying
capacity adequate for the particular conditions under which they are
to be used, and, that where subject to mechanical injury, they shall
be adéquately protected.

Order 13-3001. Scope.

The provisions of Orders 13-3002 to 13-3020 inclusive, shall apply
to all wiring installations, except for remote-control, low-energy
power an_d signal systems as provided in Section 13-725, and com-
munication systems as provided in Section 13-800.

The provisions of Lhis section are not intended to apply to the con-

ductors which form an integral part of equipment such as motors, motor
controllers and the like.

Order 13-3002, Voltage Limitations.

Wiring methods specified in Chapter 3 may be used for voltages not
exceeding 600, unless specifically limited in some section of Chapter
3, and may bhe used for voltages over 600 where specifically permitted
elsewhere in this code,

Order 13-3003. Protection Against Corrosion and Mechanical Injury.

Conductors and equipment shall he protected against corrosion and
mechanical injury in accordance with the following:

A. Corrosion. Metal raceways, cable armor, boxes, cabinets and all
metallic elbows, couplings, and fittings, unless made of corrosion-
resistant material, shall be guitably protected against corrosion inside
and outside (except threads at joints) by a coating of approved cor-
rosion-resistant materials such as zine, cadmium, or enamel; except
that ferrous raceways, fittings and boxes protected from corrosion
solely by enamel may be used only indoors and in occupanecies not
subject to severe corrosive influences. Where enameled conduit is not
permitted, exposed threads shall be proteeted with a eorrosion
resistant coating afteyr installation.
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See Order 13-3162 for conduit, and Order 13-3482 for electrical metallic

tubing. ) \
]Meat—packing plants, tanneries, hide cellars, casing rooms, glue houses

fertilizer rooms, salt storage, some chem1|ctalhlwzvcll'ku‘.:1 :ilgfﬁl,rrfoﬁ:::;fé
@8, an
1p mills, sugar mills, round houses, some sta '
:Eepjuﬂged to be occ'upancias where severe corrosive conditions are

likely to be present,
B. Mechanical Injury. If subject to mechanical injury, conductors
shall be adequately protected.

Order 13-3004. Secured in Place. .

Raceways, cable assemblies, boxes, cabinets and fittings shall, unl;is
otherwise provided, be securely fastened in place. Racew.ays-and (fa.- t.‘e
assemblies shall be mechanically secured to boxes, ﬁttm;.;s, cabme's
and other enclosures, except as provided for nonmetallic boxes in

Order 13-3710.

Order 13-3005, Runs Continuous. . .y
i tinuous from outlet to
Raceways and cable assemblies shall be con )
outlet and from fitting to fitting. Conductors shall be crmtmuqus from
outlet to outlet and, except as permitted for auxiliary gutters in Ord'er
13-8748, and for wireways in Order 13-3625, there shall be no splice
or tap within the raceway itself.

Ovder 13-3006. Free Length of Conductors at Outlets.

At least six inches of free conductor shall be left at egch outlet and
switch point for the making up of joints or the connectwl.l_of ﬁx.tlfres
or devices, except where conductors are intended t? loop without joints
through lampholders, receptacles and similar devices.

Order 13-3007. Boxes at Outlets. -

Except as permitted in Order 13-3369, a box shall be. installed s‘:t
each outlet, switeh, or junction point of conduit, electrlc(:ll metallie
tubing, surface metal raceway, armored cable, or non-metallic sheathed
cable, and at each outlet and switch point of concealed knob-and-tube
work.

Order 13-3008. Boxes and Fittings Where Conductors Are Brought
Out.

Except as provided in Order 13-3009, a box or terminal fitting
having a separately bushed hole for each conductor shall- be u.sed
wherever a change is made from conduit, electrical metallic tubing,
non-metallic sheathed cable, armored cable and surface metal raceway
wiring to open wiring or to concealed knob-and-tube work. A fitting
used for this purpose shall contain no taps or splices and shall not be
used at fixture outlets.

Order 13-3009. Bushing in Lieu of Box or Fitting.

A bushing may be used in lieu of a box or terminal fitting at ends
of conduit or electrical metallic tubing where conductors leave the
conduit or tubing behind a switchboard, or where more than 4 con-
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ductors leave the conduit or tubing at control apparatus or in similar
locations, in which case the conductors shall be bunched, taped and
painted with insulating paint. Such a bushing shall be of the insulating
type except for lead-covered conductors.

Order 13-3010, Through Studs, Joists and Rafters.

When, in exposed or concealed work, conductors in insulating tubes
or cables are run through bored holes in studs, joists or similar wood
members, holes shall be bored at the approximate centers of wood
members, or at least two inches from the top edge. Where there is no
objection because of weakening the building structure, armored or
non-metallic sheathed cable may be laid in notches no more than 1%
span from either end in the studding or joists if the cable at those
points is protected against the driving of nails into it by having the
notch covered with a steel plate at least 1/16 inch in thickness before
building finish is applied,

Order 18-3011. Conductors of Different Systems,

Conductors of signal or radio systems shall not occupy the same
enclosure with conductors of light or power systems except as per-
mitted for elevators in Orders 13-6216 and 13-6217; for sound record-
ing in Order 13-6405; for remote-control, low-energy power and gignal
circuits in Orders 13-7266 and 13-7292; and communication system
in Orders 13-8012 and 13-8031. Secondary wiring to electrie discharge
lamps of 1,000 volts or less may occupy the same enclosure as the
branch eireuit conductors. Conductors of light and power systems of
600 volts or less may occupy the same enclosure, without regard to
whether the individual cireunits are alternating-current or direct-cur-
rent, only if all conductors are insulated for the maximum voltage of
any conductor within the enclosure, Conductors of light and power
systems of over 600 volts shall not occupy the same enclosure with
conductors of light and power systems of 600 volts or less, Control,
relay and ammeter conductors used in connection with any motor or
starter may occupy the same enclosure as the motor cirenit conductors,

Order 13-3012. Number of Conductors in Raceway.

In general the percentage of the total interior cross-sectional area
of a raceway occupied by conductors shall not be more than will
permit a ready installation or withdrawal of the conductors and dis-
sipation of the heat generated without injury to the insulation of the
conductors. See the following orders of this code: conduit, Order 13-
3466; electrical metallic tubing, 13-8486; surface metal raceways,
13-8524; underfloor raceways, 13-3545; cellular metal floor raceways,
13-3564; wireways, 13-8624; auxiliary gutters, 13-8745; theatres, 13—
5212; signs, 13-6021-D; elevators, 13-6214; and sound recording,
13-6403 and 13-6404.

Order 13-3013, Inserting Conductors in Raceways.

Raceways, except those used for exposed work and having a remov-
able cover or capping, shall first be installed as a complete raceway

&
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system without the conductors. Conductors .sha.ll not be. i_nserte}i:l untl}
all mechanical work on the building which is liable to injure i;f e cor;
ductors has been completed, as far as posmble.. P}J.ll wlres,G " u}?‘ie,
shall not be installed until the raceway system 1s in plact?. .wpt} :
tale, or an approved compound may be used as a lubr1.cant in inser 1n;:,
conductors in raceways. Cleaning agents or lubricants having a
deleterious effect on conductor coverings shall not be used.

Order 13-3014. Supporting Vertical Conductors in Raceways.

Conductors in vertical raceways shall be supported at intervals not
greater than those specified in the following table:
No. 18 BB L e oo i By nns not greater than 100 feet
0. FRES | E R ——

__________ not greater than 80 feet
250,000 C. M. to 350,000 &, WoomoooooTTTIII not greater than 60 ?eet
250'“02 o M. to 550'000 [ S not greater than ig feet'
$00:001 & M. to TERHON 0 S not greater than ee:L
ARG C'Ab'ovg TED000 B, Mooome e e not greater than 35 fee

The following methods of supporting cables are recommended:

R By clamping devices constructed of or employing lll?ul&t.lng‘
wedges inserted in the ends of the conduits. With cables having var-
nished cambric or thermoplastic insulation it may also be necessary
to clamp the conductor. . . o

) B I];y inserting boxes at the required intervals in which insulat-
ing supports are installed and secured in a satisfactory manner to
withstand the weight of the conductors attached thereto, the boxes
being provided with covers.

C. In junction boxes, by deflecting the cables not less than 90
degrees and earrying them horizontally to a distance .not less than
twice the diameter of the cable, the cables being carried on two or
more insulating supports, and additionally secured thereto by tie
wires if desired.

Order 13-3015. Raceways Exposed to Differenl Temperatures. ‘

If portions of an interior raceway system are exposed to widely
different temperatures, as in refrigerating or cold storage plants, pro-
vision shall be made to prevent circulation of air from a warmer to
a colder section through the raceway.

Order 13-3016. Electrical Continuity of Raceways.

Interior metal raceways, cable armor, and other ‘metal enclf)sures
for conductors, shall be metallically joined together into a conij‘lnl?clus
electrical conductor, and shall be so connected to al.l boxes, fittings
and cabinets as to provide effective electrical continuity.

Order 13-3017. Grounding Metal Enclosures. .
Metal raceways, cable armor and fittings shall be grounded if and
as prescribed in Section 13-250,

Order 13-3018. Alternating-Current Systems in Metal Enclosures.

Where run in metal raceway or cable armor, or where a current
of more than b0 amperes enters a metal enclosure, the conductors of
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circuits operating on alternating-current shall be so arranged as to
avoid overheating of the metal by induetion. If the capacity of a cir-
cuit is such that it is impracticable to run all conductors in one en-
closure, additional enclosures may be used provided the conductors in

any one enclosure arve balanced in size and include one from each
phase.

Induced currents in an enclosure can he avoided by so grouping the
conductors in one enclosure that the current in one direction will be
substantially equal to the current in the opposite direction. '

In the case of circuits supplying vacuum or electrie discharge lighting
systems or signs, or X-ray apparatus, and under-plaster extensions per-
mitted by Orders 13-3441 to 13-3444 inclusive, the currents carried by
the conductors are so small that a single conductor may be placed in a
metal raceway or cable armor without causing trouble from induction,

Where the conductors of a eircuit pass through individual holes in
the wall of a metal cabinet, the effect of induction may be eliminated
by cutting slots in the metal between the individual holes through
which the conductors of the circuit pass, or by passing all the con-
duetors in the ecireuit through an insulating block, used to cover a hole
in the metal cabinet Sulfficiently large for all the conductors of the

circuit, and providing individual holes in the insulating block for the
separate conductors,

Order 13-3019. Underground Runs.

Conductors run underground shall comply with the provisions of

Orders 13-2311, 13-2312 and 13-2313 as far as mechanical protection
is concerned.

Order 13-3020. Wiring in Ventilating Duets.

Electrical installations shall be so made that the possible spread of
fire through fire-stopped partitions, hollow spaces, fire walls or fire
partitions, vertical shafts, ventilating or air-conditioning duets is re-
duced to a minimum. No wiring system of any type shall be installed
in duets for dust, loose stock or vapor removal, Where it is necessary
to run a wiring system through air-conditioning duects or plenum
chambers, the wiring method shall he rigid conduit, flexible steel con-
duit with lead-covered conductors, or Type ACL armored cable, with
fittings suitable for the location. The terminals of circuits of such
wiring systems shall be so located that it will not be necessary to
install motors or control equipment in the ducts, except for tempera-
ture and humidity control. Raceways shall not interfere with the oper-
ation of automatic fire dampers in duets.

Note: Congideration should be given to expansion and contraction of
runs of conduit from temperature changes,

SECTION 13-310—CONDUCTORS
Order 13-3101. General.

The intent and purpose of the following rules is to provide that con-
ductors shall have mechanieal strength, insulation, and carrying

capacity adequate for the particular conditions under which they are
to be used.
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The provisions of this section are not intended to apply to con-
ductors which form an integral part of equipment such as motors,
motor controllers, and the like, or which are provided for elsewhere
in this code.

Order 13-3102. Conductor Insulation.

Conductors shall be insulated except when uninsulated conductors
are specifically permitted in this code. Conductor insulations as spec-
ified in the following table may be used for any of the wiring
methods recognized in this chapter, except as otherwise provided for
in the table or the notes following, or as otherwise specified in this
code. They are suitable for 600 volts unless otherwise specified.

Max.
Type  Operating . .
Trade Name Letter Temp. Special Provisions
- + Wi RI-64 600 Fixture wiring.
Rubber-Covered Fixture Wire e it ol
Soli RF-32 60C Fixture wiring, and as permitted
" 140F __in order 13-3103.
- i FF-64 BOC Fixture wiring.
Rubber-Covered Fixture Wire R Fme
Flexible Stranding Fr-az 128% Fixture wiring.
i i RUF 60C Fixture wiring, and as permitted
é‘;lﬁixo?gltjpaa;di‘gtme L 140F ___in order 13-8108.
Flexible Stranding RUFF ] El{]}g Fixture wiring.
Ther lustie-Covered Fixiure TF 60C Fixture wiring, and as permitied
WireT-OS%Iid or Stranded - 140F in order 13T3_IIL1A
Thermoplastie-Covered Fixture TFF 60C Fixture wiring.
Wire—Flexible Stranding 140F —
- t- L CF 90C TMixture wiring.
lgi{:gl?; %?i\;greﬂ, i 19417 Limited to 300 V.
-Cov t- istant, AF 150C Fixture wiring.
%‘f:f::ga 'ﬁgg: S e 302F Limited to 300 V.
R 60C General use,
Code Rubber e
Heat-Resistant Rubber RH lggg General use.
Moisture-Resistant Rubber RW 1;53% General use and wet locations.
RU 60C General use.
Latex Rubber e
Moisture-Resistant Latex Rubber RUW 4 ;:igg General use and wet locations.
i T 60C General use C.
Thermoplastic il
Moisture-Resistant ™ 60C General use and wet locations.
Thermoplastic 140F i
Thermoplastic and Asbestos TA 132% Switchboard wiring only.

i 860 Dry locations only. Smaller than
SR s i 186F No. 6 by special permission.
Ashestos and Varnished Cambric AVA éégg Dry locations only.

Asbestos and Varnished Cambrie AVL éég% Wet locations.
Asbeatos and Varnished Cambric AVEB lgi)g Dry locations only.
Asbestos e A 200C Dry locations only. Not for gen-

892F eral use. In raceways, only for
leads to or within apparatus.
Limited to 800 V.
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Max,
Type Operating
Trade Name . Letter Ternp. Special Provisions
Agbestos AA 2000 Dry locations only., Open wiring.
392F Not for general use. In raceways.

only for leads to or within appara~
tus, Limited to 800 V.
Ashestos AT 1250 Dry locations enly. Not for gen=
257F eral use. In raceways, only for
leads to or within apparatus. Lim-
ited to 300 V.

Asbestos ATA 1250 Diry jocations only. Upen wiring.

267F Not for general use. In raceways,
anly for leads to or within appara-
tus.
Paper 8EC For underground service condue-
185F tors, or by apeeial permiasion,
Slow-Burning sB 90C Dry locations only. Upen wiring;
194F and in raceways where tempera-

tures will exceed those permitted
for rubber-covered or wvarnished
camhric-covered conductors.

-S-low‘Burning Weatherproof SBW 900 Dry locations only. Upen wiring
194F only. -

Weatherproof E wr 80C Upen wiring by special permission
176F where other insulations are not

guitable for existing conditions.

The rubber insulations include these made from natural and synthetic rubber, neoprene and
other vulcarizable materials. .

Thermoplastic insulation may stiffien at temperatures_below minus 10°C (14°F) znd care
should be used in its instzllation at such temperatures. It may be deformed when subject to
pressure; care should be taken in its installation, as for example, at bushings, or points of

support. See order 13-37Y36B. A i i i .
For size of conductors recognized for the various Insulating coverings, and for construction

details, see order 13-93101.

A, Temperature Limitations. No conductor ghall be used under such
conditions that its temperature, even when carrying current, will
exceed the temperature specified in the table for the type of insulation
involved.

B. Wet Locutions. Insulated conductors used underground, in eon-
crete slabs or other masonry in direct contact with earth, in wet loca-
tions, or where condensation or accumulation of moisture within the
vaceway is likely to occur, shall be moisture-resistant, rubber-covered
{type EW); moisture-resistant, thermoplastic-covered (type TW);
lead-covered; or of a type approved for the purpose.

Such conductors are not suitable for direct burial in the earth unless
of a type specifically approved for the purpose.

Q. Corrosive Conditions. Conductors exposed to oils, greases, vapors,
gages, fumes, liquids or other substances having a deleterious effect
upon the conductor or insulation shall be of a type approved for the
purpose. )

Order 13-3103, Minimum Size of Conductors.

Conduetors, whether solid or stranded, shall not be smaller than
No. 14, except for printing press control circuits; as provided for
flexible cords in Order 18-4006; for fixture wire in Order 13-4142;
for fractional horsepower motors in Order 13-4812; for cranes and
hoists in Order 13-6112; for elevator control and sigmal circuits in
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Order 18-6205; for machine tocls in Order 13-6721; and for remote-
control, low-energy power and signal circuits in Order 13-7263.

Ordér 13-3104. Stranded Conductors.
Except when used as bus bars, conductors No. 6 and larger, installed
in raceways, shali be stranded.

Order 13~3105. Conductors in Multiple.

Conductors in sizes 170 to 500,000 can., inclusive, may be run in
multiple provided they are of the same length and have the same
cireular-mil area and type of ingulation. Not more than three No. 1/0,
four No. 2/0 nor five Nos. 3/0 to 50,000 c.m. conductors, inclusive,
may be run in multiple. Except as herein provided, conductors shall
be run in multiple only by special permission or as permitted in
Order 13-6205. Where conductors are run in multiple, they shall be
arranged and terminate at both ends in such a manner as to insure
equal division of the total current between all conductors that are
involved,

Order 13-3106, Current-carrying Capacity.

The maximum, econtinuous, current-carrying capacities of copper
conduetors are given in Tables 1 and 2 of Chapter 10. The current-
earrying capacities of aluminum conductors shall be taken as 84 per
cent of those given for the same sizes of copper conductors with the
same kind of insulation.

SECTION 13-320. OPEN WIRING ON INSULATORS

Order 13-3201, Scope.

Opening wiring. on insulators shall comply with the provisions of
Orders 13-3001 to 13-3020 inclusive and shall also comply with the
provisions of the following Orders 13-3202 to 13-3215 inclusive.

Order 13-3202. Use,

Open wiring on insulators shall not be used (1) in commercial
garages, (2) in theaters, (3) in motion picture studios, (4) in hoist-
ways, and (8) in hazardous locations, except in storage compartments
of Class III locations as provided in paragraph B of Order 13-5073.

Order 13-3203. Types of Conductors.
The type of eonductors shall conform to Section 18-310. Only single
conductors -shall be used.

Order 13-3204. Supports.
Conductors shall be supported in accordance with the follewing:

A. Open conductors shall be rigidly supported on non-combustible,
non-absorptive insulating material, except as provided in Order
13-3206.

B. Rigid supporting requires, under ordinary circumstances, if
wiring over flat surfaces, supports at least every 4% feet, this interval
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being shortened if the conductors are liable to be disturbed. Con-
ductors shall be supported by means of a knob or cleat within 6
inches of a tap. In buildings of mill construction, mains not smaller
than No. 8, where not liable to be disturbed, may be separated about
6 inches and run direct from timber to timber, being supported from
each timber only. If circuits of No. 8 or larger are run across open
spaces where not liable to be disturbed, they may be supported at
distances not greater than 15 feet if approved non-combustible, non-
absorptive insulating separators providing not less than 2% inch
separation between conductors are installed at intervals of not over
414 feet.

C. When nails are used to mount knobs they shall not be smaller
than 10 penny. When screws are used to mount knobs, or when nails
or screws are used to mount cleats, they shall be of a length sufficient
to penetrate the wood to a depth equal to at least one-half the height
of the knob and fully the thickness of the cleat. Cushion washers shall
be used with nails,

Order 13-3205, Spacing.

Open conductors in dry places and for voltages not exceeding 300
volts shall be separated 2% inches from each other and % inch from
the surface wired over; and, except as provided in paragraph B of
Order 13-8204, for voltages from 801 to 600 volts shall be separated
4 inches from each other and 1 inch from the surface wired over. In
damp or wet locations a separation of at least 1 inch from the
surface wired over shall be maintained for all voltages.

Order 13-3206, Flexible Tubing.

In dry locations, where not exposed to severe mechanical injury,
conductors may be separately encased in flexible tubing. Tubing shall
be in continuous length not exceeding 15 feet, and secured to the
surface wired over by straps spaced not exceeding 4% feet apart.

Order 13-3207, Dead Ends.

Open conductors shall not be dead-ended at a rosette, lampholder or
receptacle unless the last support is within 12 inches of the same.

Order 13-3208. Tie Wires.

No. 8 or larger conductors supported on solid knobs shall be securely
tied thereto. If conductors are used for tying, they shall have an
insulation of the same type as that of the conductors which they
confine.

Order 13-3209. Passing Through Walls and Floors.

Open conductors shall be separated from contact with walls, floors,
timbers or partitions through which they pass by tubes or bushings of
non-combustible, non-absorptive insulating material. If the bushing is
shorter than the hole, a waterproof sleeve of non-inductive material
shall be inserted in the hole and an insulating bushing slipped into the
sleeve at either end in such a manner as to keep the conductors
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absolutely out of contact with the sleeve. Each conductor must be
carried through a separate porcelain tube or sleeve.

Order 13-3210. Separation from Metal Work.

Open conductors shall be geparated at least 2 inches from metallic
conduit, piping, or other conducting material, or from any exposed
lighting, power or signal conductor, unless separated therefrom by a
continuous and firmly fixed non-conductor additional to the insulation
of the conductor, If any insulating tube is used, it shall be secured
at the ends. Deviation from this requirement may, if necessary, be
allowed by the authority enforeing this code.

Order 13-3211. Separation from Piping in Damp Locations.

Open conductors located close to water pipes or tanks, or in other
damp locations, shall be so placed that an air space will be per-
manently maintained between them and pipes which they cross. Where
practicable, conductors shall be run over, rather than under, pipes
upon which moisture is likely to gather or which may leak.

Order 13-3212. Protection from Mechanical Injury.

Where open conductors cross ceiling joists and wall studs, and are
exposed to mechanical injury, they shall be protected by one of the
following methods, Conductors within 7 feet from the floor shall be
considered exposed to mechanical injury.

A. By guard strips not less than 7% inch in thickness and at least
as high as the insulating supports, placed on each side of and close
to the wiring.

B. By a substantial running board at least % inch thick back
of the conductors with side protections. Running boards shall extend
at least 1 inch outside the conductors, but not more than 2 inches and
the protecting sides shall be at least 2 inches high and at least
7 inch thick.

C. By boxing made as above and furnished with cover kept at
least 1 inch away from the conductors within. Where protecting ver-
tical conductors on side walls the boxing shall be closed at the top
and the holes through which the conductors pass shall be bushed.

D. By conduit, in which case the rules for conduit shall be fol-
lowed, or by metal piping in which case the conductors shall be en-
cased in continuous lengths of approved flexible tubing. The conductors
passing through conduit or piping shall be so grouped that current
in both directions is approximately equal.

Order 13-3213. In Accessible Atties.

Conductors in unfinished accessible attics or roof spaces shall be
installed in accordance with the requirements of Order 13-3247,

Order 13-3214. In Concealed Spaces.

. Conductors shall not be in contact with any object other than their
insulating supports. If run in concealed spaces they shall be installed
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as required for concealed knob-and-tube work in accordance with the
provisions of Orders 13-3241 fo 13-3248 inclusive.

Order 13-3215. Entering Spaces Subject to Dampness, Wetness or
(Corrosive Vapors,

Conductors entering or leaving locations subject to dampness, wet-
ness or corrosive vapors shall have drip loops formed on therm and
shall then pass upward and inward from the outside of buildings, or
from the damp, wet, or corrosive location, through non-combustible,
non-absorptive insulating tubes.

SECTION 13-324. CONCEALED KNOB-AND-TUBE WORK

Qrder 13-3241. Scope.

Concealed knob-and-tube work shall comply with the provisions of
Orders 18-3001 to 18-3020, inclusive, and shall also comply with the
provisions of the following Orders 12-8242 o 12-3248 inclusive.

Qrder 13-3242, Use,

Concealed knob-and-tube work may be used in the hollow spaces of
walls and ceilings. It shall not be used (1) in commercial garages,
(2) in theaters except as provided in 13-5211, (3) in motion picture
studios, nor (4) in hazardous locations.

Order 13-3243. Type of Conductor.

The type of conductors shall conform to Section 15-310. Only single
conductors shall be used. ’

Order 13-3244, Supports.

Conductors shall be supported at intervals not excceding 4% feet
by knobs and tubes. There shall be a knob within 6 inches from each
tap. Tie wires shall comply with Order 13-3208. If such support is
impracticable and the conductors are in a dry location, they may be
fished if separately enclosed in flexible tubing extending in continucus
lengths from one support to the next or to an outlet box, or from one
outlet box to another. Otherwise, conduit, armored cable, electrical
metallie tubing or non-metallic sheathed cable shall be used.

Order 13-3245, Conductor Separation. _

Conductors shall be separated at least 8 inches and maintained at
least 1 inch from the surface wired over. At distributing centers,
meters, outlets, switches or other places where space is limited and
the 3 inch separation cannot be maintained, each conductor shall be
encased in a continuous length of flexible tubing. Where practicable,
conductors shall be run singly on separate timbers or studding.

Order 13-3246. Separation from Other Objects and Protection.

Conductors shall be separated from other conductors and objects
as follows:
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A. The provisions as to rigid supporting and clearance from
foreign wires and other objects, as specified for open wiring in Orders
13-3209, 13-3210, 12-3211, and 13-3215 shall be complied with.

B, Conductors passing through cross timbers in plastered par-
titions ghall be protected by an additional tube exiending at least 3
inches above the timber. : '

Order 13-3247. In Unfinished Attics and Roof Spaces.
Conductors in unfinished atties or roof spaces shall comply with
the following:

A. Conductors in unfinished attics and roof spaces shall be run
through or on the sides of joists, studs and rafters, except in attics
and roof spaces having head room at all peints of less than 8 feet in
buildings completed before the wiring is instalied.

B. If conductors in accessible unfinished attics or roof spaces
reached by stairway or permanent ladder are run through bored holes
in floor joists or through bored holes in studs or rafters within 7 feet
of the floor or floor joists, such conductors shall be protected by
substantial running boards extending at least 1 inch on each side
of the conductors and securely fastened in place.

C. If carried along the sides of rafters, studs or floor jeists,
neither running boards nor guard strips wili be required,

Order 13-3248, Boxes of Insulating Material.
Non-metallic outlet boxes may be used as provided in Order 18-3703,

SECTION 13-328, BARE-CONDUCTOR FEEDERS
Order 13-3281. Use.

By special permission, bare conductors installed in accordance with
the provisions of Orders 18-3001 to 13-3020, inclusive, and in ac-
cordance with the provisions of the following Orders 13-3282 to 13-
3287, inclusive, may be used for feeders only. Such bare conductors
may be installed only in a chase, channel or shaft of non-combustible
material in a building of fire-resistive construction; and only if the
voltage between conductors does not exceed 600 volts. Bare con-
ductors shall not be used in damp or wet locations, nor in any
hazardous location, nor where subject to corrosive vapor, except in
storage battery reoms as provided in Order 13-4807.

Order 13-3282, Size and Capacity of Conductors,
The maximum permissible current shall be 1000 amperes per square

inch of cross-sectional area of conducter in unventilated enclosures,
and 1200 amperes per square inch in ventilated enclosures,

Order 13-3283, Branch Taps.

Branch taps from bare-conductor feeders may he installed as speei-
fied in Order 13-2434; provided that the mechanical protection speci-
fied by sub-paragraphs C or D of Order 13-2434 ghall not be required
for that portion of the conductor located in the chase, channel or shaft.
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Order 13-3284. Accessibility.

The conductors shall not be accessible to other than qualified
persons.

Order 13-3285. Supports.
Conductors shall be supported as follows:

A. Conductors shall be supported on non-combustible mnon-
absorptive insulating supports of adequate mechanical strength.

B. Conductors shall be so supported that a separation between
conductors, and between conductors and ground, of not less than that
specified in Order 13-93847 will be maintained under all conditions of
operation.

Order 13-3286. Fire Cutoffs.
1f floors are pierced, suitable cutoffs against vertical travel of fire
shall be provided.

Order 13-3287. Special Safeguards. S

In addition to the provisions of the preceding orders, the authority
-enforeing this code may require other gafeguards in view of special
conditions that may be met in a particular installation.

SECTION 13-334. ARMORED CABLE

Order 13-3341. Scope.

Installations of armored cable shall comply with the provisions of
Orders 13-3001 to 13-3020, inclusive, and in addition shall comply with
the provisions of the following Orders 13-3342 to 13-3348, inclusive.

Order 13-3342. Use.

Armored cable (type AC or ACT) may be used for both exposed
work and concealed work in dry locations; for underplaster extensions
as provided in Section 13-344; and embedded in plaster finish on brick
or other masonry, except in damp or wet locations. Armored cable
(type ACV) in sizes No. 4 and larger may be used for exposed work
in dry locations in buildings occupied for industrial purposes. Armored
cable shall contain lead-covered conductors (type ACL), if used where
exposed to the weather or to continuous moisture, for underground
runs and embedded in masonry, concrete or fill in buildings in course
of construction, or where exposed to oil, gasoline or other conditions
having a deteriorating effect on the insulation. Armored cable may
be run or fished in the air voids of concrete masonry block or tile walls
where such walls are not exposed or subject to excessive moisture or
dampness. Armored cable shall not be used (1) in theaters, except as
provided in Order 13-5211; (2) in motion-picture studios; (3) in any
hazardous locations; (4) where exposed to corrosive fumes or vapors;
(5) in storage-battery rooms; (6) on cranes or hoists, except as pro-
vided in sub-paragraph 13-6113-C; nor (7) in hoistways or on ele-
vators, except as provided in Order 13-6206. d
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Order 13-3343. Supports.

Armored cable shall be secured by approved staples, straps, or
gimilar fittings, so designed and installed as not to injure the cable.
Cable shall be secured at intervals not exceeding 4% feet and within
24 inches from every outlet box or fitting, except where cable is fished.
Holes through studs, joists and similar members, shall be considered
as cable supports.

Order 13-3344, Exposed Work.
Exposed runs of cable shall closely follow the surface of the building
finish or of running boards, except:
A. Lengths of not more than 24 inches at terminals where flex-
ibility is necessary.
B. In accessible atties and roof spaces, for which see Order 13-
33486,

C. On the underside of floor joists in basements where supported
at each joist and go located as not to be subject to mechanical injury.

Order 13-3345. Through Studs, Joists and Rafters.
See Order 13-3010.

Order 13-3346, In Accessible Atties.
Cable in accessible attics or roof spaces shall be installed as follows.
A, If run across the top of floor joists, or within 7 feet of floor
or floor joist across the face of rafters or studding, the cable shall be
protected by substantial guard strips which are at least as high as the
cable. If the attic is not accessible by permanent stairs or ladders,
protection will only be required within 6 feet of the nearest edge of
seuttle hole or attic entrance.

B. If carried along the sides of rafters, studs or floor joists,
neither guard strips, nor running boards shall be required.

Order 13-3347. Protection at Cable Ends.

" At all points where the armor terminates, a fitting shall be provided
to protect wires from abrasion, unless the design of the outlet boxes
or fittings is such as to afford equivalent protection, and in addition,
an approved insulating bushing or its equivalent approved protection
shall be provided between the conductors and the armor. The connector
or clamp by which the arniored cable is fastened to hoxes or cabinets
shall be of such design that the insulating bushing or its equivalent
will be visible for inspection. This bushing will not be required with
lead covered cables which shall be so installed that the lead sheath
will be visible for inspection.

Order 13-3348. Bends.

All bends shall be so made that the armor of the cable will not be
injured, and the radius of the curve of the inner edge of any bend
shall be not less than 5 times the diameter of the cable.
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SECTION 13-336. NON-METALLIC SHEATHED CABLE

Order 13-3361, Scope.

Installations of non-metallic sheathed cable shall comply with the
provisions of Orders 13-3001 to 13-8020, inclusive, and shall also com-
ply with the provisions of the following Orders 13-3362 to 13-3370,
inclusive. (See Section 13-560 for farm wiring)

Order 13-3362. Use.

A. Non-metallic sheathed cable having a fibrous or other type of
water absorbent covering may be used for both exposed and concealed
work in dry locations. Non-metallic sheathed cable shall not be used
as service-entrance cable; nor shall it be embedded in masonry, con-
crete, fill or plaster, nor run in a ghallow chase in masonry or concre.:te
walls and covered with plaster or similar finish; nor in contact with
outside masonry walls. Non-metallic sheathed cable may be run or
fished in the air voids of concrete masonry block or tile walls if such
walls are never damp. Non-metallic sheathed cable shall not be in-
stalled (1) in eommercial garages, (2) in theaters, except as provided
in Order 13-5211, (3) in motion picture studios, (4) in storage battery
rooms, (5) in hoistways, (6) in any hazardous location, (7) in brew-
eries, ice plants, cold-storage warehouses, (8) in those parts of farm
oceupancies where animals are housed, pumphouses, unheated under-
ground rooms, wash rooms, cooling rooms, and gimilar wet or damp
locations where subject to mildly corrosive fumes and vapors, or where
exposed to the weather.

B. Moisture and Oil Resistant Non-metallic Sheathed Cable. Neo-
prene Jacketed Cables or equivalent moisture, fungus and oil resi'stant
cable may be used in those parts of farm occupancies where animals
are housed, pump houses, unheated underground rooms, wash rooms,
cooling rooms, and similar wet or damp locations where sgb,]fact to
mildly corrosive fumes and vapors; and may be installed within the
hollow voids of concrete or tile walls or partitions. It shall not he
installed (1) in commercial garages, (2) in theaters, except as pro-
vided in Order 13-5211, (3) in motion-picture studios, (4) in stomg'e
battery rooms, (5) in hoistways, (6) in hazardous locations, (7) in
breweries, ice plants, cold-storage warehousges.

Drder 13-3363. Supports.

Non-metallic sheathed cable shall be secured by approved st_alples,
straps, or similar fittings, so designed and installed as not to 1nj1:1re
the cable. Cable shall be secured in place at intervalg not exceeding
41 feet for fibrous covered non-metallic sheathed cable; 2 feet for 2
conductor and 3 feet for 3 conductor Neoprene Jacketed Cable and
within 12 inches from every outlet box or fitting, except that in con-
cealed work in finished buildings where such supporting is imprac-
ticable, the cable may be fished from outlet to outlet,
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Order 13-3364. Exposed Work—General.
In exposed work, except as provided in Orders 13-3366 and 13-3367,

the cable shall be installed as follows:

A, The ecable shall closely follow the surface of the building
finish or of running boards.

B. It shall be protected from mechanieal injury where necessary,
by conduit, pipe, guard strips or other means, If passing through a
floor the cable shall be enclosed in rigid conduit or pipe extending at
least 6 inches above the floor.

Order 13-3365. Through Studs, Joists and Rafters.
See Order 13-3010,

Order 13-3366. In Unfinished Basements.

If the cable is run at angles with joists in unfinished basements,
assemblies not smaller than two No. 6 or three No. 8 conductors may
be secured directly to the lower edges of the joists; smaller assemblies
shall either be run through bored holes in the joists or on running
boards. Where run parallel to joists, cable of any size shall be secured
to the sides or face of the joists.

Order 13-3367. In Accessible Attics.

Cable in accessible attics or roof spaces shall be installed as follows:
A. If run across the top of floor joists, or within 7 feet of floor
or floor joists, across the face of rafters or studding, the cable shall
be protected by substantial guard strips at least as high as the cable,
If the attic is not accessible by permanent stairs or ladders, protection
will only be required within 6 feet of the nearest edge of scuttle hole
or attic entrance,
B. If carried along the sides of rafters, studs or floor joists,
neither guard strips, nor running boards shall be required.

Order 13-3368. Bends.

Bends in cable shall be so made, and other handling shall be such,
that the protective coverings of the cable will not be injured, and no
bend shall have a radius less than b times the diameter of the cable.

Order 13-3369. Devices of Insulating Material,

Switch, outlet and tap devices of insulating material may be used
without boxes in exposed cable wiring. Openings in such devices shall
form a close fit around the outer covering of the cable and the device
shall fully enclose that part of the cable from which any part of the
covering has been removed. If connections to conductors are by bind-
ing serew terminals, there shall be available as many screws as con-
ductors, unless cables are clamped within the structure, or unless
terminals are of a type approved for the purpose.

Order 13-3370. Boxes of Insulating Material.

Non-metallic outlet boxes approved for the purpose may be used as
provided in Order 13-3703,
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SECTION 13—338——8ER\’ICE-ENTRANCE CABLE
Types ASE, SE and USE

Order 13-3381. Scope.

Service-entrance cable used as service-entrance conductors shall
comply with the provisions of Section 13-230. Service-entrance cable
used for interior wiring ghall comply with the provisions of Orders
13-3001 to 13-3020 inelusive. Cable with metal interlocking armor
ghall be installed in accordance with the applicable provisions of Sec-
tion 13-334. Unarmored cable shall be installed in accordance with
the applicable provisions of Section 13-336. Service-entrance cable
ghall also comply with the provisions of Orders 13-3382 and 13-3383.

Order 13-3382, Use.

Approved service-entrance cables may be used in interior wiring
gystems if all the conductors of the cable are of the rubber-covered
or thermoplastic type; but if without individual insulation on the
grounded conductor may be used only for range and domestic water-
heater. circuits, or as feeders from a service cabinet to supply other
buildings; or as service-entrance conductors for such other buildings,
if the following conditions are met:

A. The cable has a final non-metallic outer covering.

B. The supply is alternating current not exceeding 150 volts to
ground.

C. No domestic water-heater is supplied through a conductor
without individual insulation.

Order 13-3383, Through Studs, Joists and Rafters.
Yee Order 13-3010.

SECTION 13-340. NON-METALLIC WATERPROOF
WIRING

Order 13-3401. Scope.

Installations of non-metallic waterproof wiring ghall comply with
the requirements of Orders 13-3001 to 13-3020 inclusive, and in addi-
tion the following Orders 13-3402 to 13-3409, inclusive.

Order 13-3402. Use.

Subject to the approval of the anthority enforcing this code, non-
metallic waterproof wiring may be used for exposed work in breweries,
ice plants, cold gtorage warehouses oOr similar wet locations where
subjeet to mildly corrosive fumes and vapors, if the voltage does not

exceed 300 volts between conductors or 150 volts to ground.

Order 13-3403. Conductors.

Rubber-sheathed multiple-conductor cable approved for the purpose
shall be used. The individual conductors of the cable shall not be
smaller than No. 12, except that the cable may contain an approved
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size of conductor, with or without individual insulation, to be used for

ig“izl;?qent grounding purposes only. See sub-paragraph A of Order

Order 13-3404, Supports.
The cable shall be suppor i
ported on insulators approved for th
and spaced at intervals not exceeding 3 feet. g R
Order 13-3405, Attachment to Fittings.

cag‘_hetcable sha:ll be securely fastened to all outlet boxes, fittings and
dme s. A moisture-proof seal shall be provided between the cable
and all outlet boxes, fittings and cabinets.

Order 13-3406. Passing Through Walls.

T in ri :
he cable shall be enclosed in rigid conduit, electrical metallic

;ilzlmwgil o‘r approved insulating tubing, where passing through walls
ere so enclosed, the enclosure shall be sealed with a suita‘nlé

fitting.
Order 13-3407. Protection.

Where exposed to mechanical injury the cable shall be protected.

Order 13-3408. Boxes and Fittings.
Boxes and fittings shall conform to the following:

metaﬁlk. .Outilet’ boxes, ﬁt.ti_ngs and cabinets shall be constructed of cast
, insulating material or other material approved for the purpose

B. Switch plates, fixtures, and similar parts shall be of insulating

material when mount i i
s ed on boxes, fittings, and cabinets of insulating

Order 13-3409. Grounding.

Metal boxes, fittin i :
’ gs, or cab :
acbovtlane with Seetion 18-250. inets if used shall be grounded in

SECTION 13-342. NON-METALLIC SURFACE EXTENSIONS
Order 13-3421, Scope.
Installations of non-metallic s i
at urface extensions shall compl i
;;Zﬁ]r:;;f;?ns ().ihOrﬁers 13-3001 to 13-3020, inclusive, and inr:pazlrdi‘:il;:
y with t isi i ,
ety M e provisions of the following Orders 13-3422 to

Order 13-3422, Use.

Non-metallic surface extensi
. nsions ma i
following conditions are met: o8 g SRLTd B8

A, Th i isti
8 Th: :xé:ens_lons are from existing outlets on branch circuits
5 xtensions are run exposed in dry locations. .

C. The building is occupied for residential or office purposes
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D. The extensions are net in unfinished basements, attics, or roof

spaces.
? . The voltage does not exceed 150 volts between conductors. _

F. The extensions are not subject to corrosive vapors.

Order 13-3423. Outlets Per Cireuit,

The total number of outlets supplied by one bra
those previously installed and those of the ex
conformity with the requirements of Section 153-210.

neh cireuit, including
tension, shall be in

Order 13-3424, Not to Run Outiside Room. .
An extension shall not e run through a floor or partition, nor out-
side the room in which it originates.

Order 13-3425. Location in Room. .
One or more extensiong may be run in any direction from an exist-
ing outlet, but noi on the floor or within 2 inches from the ﬁ‘oor. AI(;
extension shall be attached only to woodwork or plaster finish, an
shall not be in contact with any me
material except the metal plates on receptacles.

tal work or other conductive

Order 13-3426. Supports. '

Non-metallic surface extensions shall be secured in place by a?-
proved means at intervals not exceeding 8 inches, except that where
connection to the supplying outlet 1s made by means of an attachment
plug the first fastening may be placed 12 inches or less fx_'om the piug.
There shall be at least one fastening between each two adjacent outlets

supplied.

Order 13-3427. Splices and Taps.

Fxtensions shall consist of a continu
asgembly, without splices, and without
fittings. Taps may be made if fittings
sonnections are used.

ous unbroken length of thg
exposed conductors between
completely covering the tap

Order 13-3428, Bends.

A bend in an assembly which reduces the
che conductors shall be covered with a cap
from mechanical injury.

normal spacing between

Order 13-3429, Fittings.
Each run of an assembly shall_te
the end of the assembly. All fittings an

_approved for the purpose.
SECTION 13-344. UNDERPLASTER EXTENSIONS

Order 13-3441. Use.
Underplaster extensions,
¢o 13-3444, inclusive, may be used only fo

branch cire

instalied as permitted bfy Orders 13-3441

to protect the assembly - ';

rminate in a fitting which covers
d devices shall be of a type

r extensions of existing
uits, if 1aid on the face of masonry or_other material and-_
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buried in the plaster finish of ceilings or walls, in buildings of fire-
resistive construction.

Order 13-3442, Materials.

~ Such extensions shall be run in rigid or flexible conduit, armored
cable, electrical metallic tubing or metal raceways approved for the
purpose. Standard sizes of econduit, eable, tubing and raceways shall
be used except that for single conductors only, conduit or tubing
having not less than <% inch inside diameter or single-conductor
armored cable may be used. '

Order 13-3443. Limit of Run.

No such extension shall extend beyond the floor on which it
originates unless standard sizes of rigid conduit, electrical metallic
tubing or armored cable are employed.’

Order 13-3444, Methods of Installation.

The methods of installation for such extensions shall be as specified
elsewhere in this code for the particular type of material wsed, except
that when alternating current is to be employed, all of the conductors
of a circuit need net be contained in a single raceway or cable.

SECTION 13-346. RIGID METAL CONDUIT

Order 13-3461. Scope.

Installations of rigid metal conduit shall comply with the provisions
of Orders 13-3001 to 13-3020, inclusive, and in addition shall comply
with the provisiong of the following Orders 13-3462 to 13-34T71,
inclusive.

Order 13-3462. Use,

Rigid metal conduit may be used under all atmospherie conditions
and occupancies, except that ferrous raceways and fittings protected
from corrosion solely by enamel may be used only indoors and in occu-
pancies not subject to severe corrosive influences. Conduits and fittings
exposed to severe corrosive influences shall be of corrosion-resistant
material suitable for the conditions, If practicable, the use of dis-
similar metalg throughout the system shall be avoided to eliminate the
possibility of galvanic action.

Meat-packing plants, tannerieg, hide cellars, casing rooms, glue houses,
fertilizer rooms, salt storage, some chemical works, metal refineries,
pulp and paper mills, sugar mills, round houses, some stables, and

similar locations are judged te be occupancies where severe corrosive
conditions are likely to be present.

Order 13-3463. Cinder Fill.

Conduit, unless of corrosion-resistant material suitzble for the pur-
pose, shall'not be used in or under einder fill where subject to per-
manent moisture unless protected on all sides by 2 layer of non-cinder
concrete at least 2 inches thick or unless the conduit is at least 18
inches under the fill.
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Order 13-3464, Wet Locations. 3
In portions of dairies, laundries, canneries, and other wei‘: locatlgﬁé
and in locations where walls are frequently washed, th.e entlielft};le i
system, including all boxes and fittings used therewt‘th, ihs. | 4
installed and equipped as to prevent water fronfa entering the ¢ o
and the conduit shall be mounted so that there is at least one—qu:‘in
inch air space between the condnit and the wall or other suppo g

surface.

Order 13-3465. Minimum Size. .

No conduit smaller than % inch, electrical tra.de size, shall be u:aed(i
except as provided for under-plaster extensions_m Qection 13-344, an
for enclosing the leads of motors as permitted in Order 13-4439.

Order 13-3466. Number of Conductors in Raceway. ‘ _
One conduit shall not contain more conductors of a given size than
are specified in Tables 4 to 11 of Chapter 10.

Order 13-3467. Reaming.
All ends of conduit shall be reamed to remove rough edges.

Order 13-3468, Bushings. :

Where a conduit enters a box or other fitting, a bushmg shall ll;e
provided to protect the wire from abrasion unless.the design of.t e
box or fitting is such as to afford equivalent protection. See p.Jaragmph
B of Order 13-3736 for the protection of conductors at bushings.

Order 13-3469. Couplings. : .

Threadless couplings and connectors used W"llth _condmt shall be
made tight. If installed in wet places or if buried in masonry, co;l—
crete, or fill shall be of a type to prevent water frf)m entering t 8
conduit. Running threads shall not be used on conduit for connection
at couplings.

der 13-3470. Bends—How Made. L)
OrBends of rigid conduit shall be so made that the .ccmdll.ut will not be
injured, and that the internal diameter of the co_ndult will not be ege;:(—l
tively reduced. The radius of the curve of the inner edge of any fie
bend shall not be less than shown in the following table:

Radius of Conduit Bends

Conductors Condpttilt.orn
Without i
Lead Sheath
Size of Conduit Lead Sheath

.Tin. 6.2 in.
%in.__‘__-‘__‘—_-“‘ o = 3,9 in. 8.3 ED-
i —— 6.3 in. 10.6 in.
1y in i A B 8.8 in. 13.8 in.
i 9'6 in. 16.1 in.
= £ 12.4 in. 20.6 in.
v 14.8 in. 24.6 in.
i v AL 18.4 in. 30.6 in.
83 in- 2 21.3 in. 35.5 in.
ok oo > 24.1 in. 40.2 in.
T 27.0 in. 45.0 in.
il 808 in 50.4 in.
- 26.4 in. 60.6 in.
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Order 13-3471. Bends—Number in One Run.

A run of conduit between outlet and outlet, between fitting and
fitting, or between outlet and fitting shall not contain more than the
equivalent of 4 quarter bends (360° total), including those bends
located immediately at the outlet or fitting. '

SECTION 13-348, ELECTRICAL METALLIC TUBING

" Order 13-3481. Scope.

Installations of electrical metallic tubing shall comply with the
provisions of Orders 13-3001 to 13-3020, inclusive, and in addition
shall ecomply with the provisions of the following Orders 13-3482 to
13-3490 inclusive.

Ordt.ar 13-3482, Use.

Electrical metallic tubing may be used for both exposed and con-
cealed work. Electrical metallic tubing protected from corrosion solely
by enamel shall not be used. Electrical metallic tubing shall not be
used (1) where during installation or afterwards, it will be subject
to severe mechanical injury; (2) in cinder concrete or fill where sub-
jeet to permanent moisture unless protected on all sides by a layer
of non-cinder concrete at least 2 inches thick or unless the tubing is
at least 18 inches under the fill; (3) in any hazardous locations except
as otherwise provided in Section 13-500; (4) where exposed to cor-
rosive vapor except as permitted in Order 13-3483,

Order 13-3483. Corrosive Fumes,

If tubing is exposed to corrosive fumes or vapors such as may exist
in meat packing plants, tanneries, hide cellars, casing rooms, glue
houses, fertilizer rooms, salt storage, some chemical works, metal
refineries, pulp mills, sugar mills, round houses, some stables, and
similar locations, tubing and fittings of corrosion-resistant material
suitable for the conditions shall be used. If practicable, the use of
dissimilar metals throughout the system shall be avoided to eliminate
the possibility of galvanic action,

Order 13-3484. Wet Locations.

In portions of dairies, laundries, canneries, and other wet locations,
and in locations where walls are frequently washed, the entire tubing
system, including all boxes and fittings used therewith, shall be so
installed and equipped as to prevent water from entering the tubing,
and the tubing shall be mounted so that there is at least one-quarter

inch air space between the tubing and the wall or other supporting
surface.

Order 13-3485. Minimum and Maximum Sizes.

No tubing smaller than % inch, electrical trade size, shall be used
except as provided for underplaster extensions in Section 13-344 and
for enclosing the leads of motors as permitted in paragraph B of
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Order 18-4439. The maximum size of tubing shall be the 2-inch
electrical trade size.

Order 13-3486, Number of Conductors in Raceway. . .
One tubing shall not contain more conductors of a given size tha
are specified in Tables 4 to 11 of Chapter 10.

Order 13-3487, Threads. '
Tubing shall not be coupled together nor connecl:led tobl-)oxes, ﬁtt;:i?
i y { 11 of the tubing, exce
» cabinets by means of threads in the wa
i?ttings approved for the purpose. Threads shall not be of the standard
pipe thread dimensicns.

Order 13-3488. Couplings and Connectors. . .

Threadless couplings and connectors used with tubing Sha:11 jne E:ESE
up tight, and if to be buried in masonry, conerete, or fill, or if ins .
ih wet places shall be of a type to prevent water from entering
raceway.

Order 13-3489, Bends—How Made. ' . _
Bends in the tubing shall be so made that thfa tublllllg v&;ﬂé nz;ﬁi&i

injured and that the internal diameter of the t1.1b1ng ‘\«31 nof as o

tively reduced. The radius of the curve of the.mner e glg % 4703(

bend shall not be less than shown in the table in Order 13- ,

Order 13-2490. Bends—Number in One Run.

A run of elecirical metallic tubing between out,lejc andh t)l?tileoté
between fitting and fitting, or between outlet and ﬁttm%SSO 21 el
contain more than the equivalent of.four quarter belnds ( S ¥
including those bends located immediately at the outlet or g.

SECTION 13-350. FLEXIBLE METAL CONDUIT

iOrder 13-3501, Scope.

Installations of flexible metal conduit shall eomply with the pro- -

visions of Orders 18-3001 to 13-3020, Orde‘rs 13—33%13, 13_'8'344, }131—1
9346 and Orders 13-3465 to 13-3468, inclusive, and in addition sha
r

isi i - 3-3502 and -
comply with the provisions of the following: Orders 13-3502 a

13-3503.

Order 13-3502, Use.

Flexible metal conduit shall not be used (1) in wet locations, urielis._:
conductors are of the lead covered type or of other type spgmd gl :
approved for the conditions; (2) in hoistways, except as p];O\il fdous-
Order 13-6206; (3) in storage battery rooms; {(4) in any'?s‘aza s
location except as permitted by Orders 18-5054 apd 13—59 ; noxther..
where rubber covered conductors are exposed to oil, gasoline, or other

materials having a deteriorating effect on rubber,
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Order 13-3503. Minimum Size.

No flexible metal conduit less than one-half inch electiical trade
size shall be used except (1) as permitted for underplaster extensions
by Order 13-8442; (2) as permitted for motors by paragraph B of
Order 13-4439; and (8) for connection not over 48 inches in length,
or lenger on approved assemblies, to equipment where the use of one-
half ineh or larger size flexible metal conduit is not practicable in

which case flexible metal conduit of three-eighth inch electrical trade
size may be used,

SECTION 13-351—LIQUID-TIGHT FLEXIBLE METAL CONDUIT
Order 13-3511, Scope. '

Liquid-tight flexible metal conduit is not intended as a general pur-
pose raceway material. The provisions of this section shall apply to
a type of flexible conduit having an outer liquid-tight jacket and
employed with suitable terminal fittings approved for

Order 13-3512, Use.

The use of this wiring material gshall be restricted as follows:

A, For the connection of motors or portable equipment where
flexibility of connection is required.

B. Liquid-tight flexible metal conduit shall not he used under the
following conditions: (1) Where subject {o mechanical injury; (2)
Where in contact with rapidly moving parts; {(3) Under eonditions
such that its temperature, with or without enclosed conductors carry-
ing current, is above 60 C (140F}; (4) In any hazardous location,
except as described in 13-5014-B, 13-5054, and 18-5073 of Section
13-500, unless it is specially approved for such use.

Order 13-3514, Maximum Size,

The maximum size of liquid-tight fAexible metal conduit shall not
exceed 1% inch electrical trade size.
Order 13-3515. Conductor Size.

The maximum size of conductor installed in liguid-tight flexible
metal conduit shall not exceed the following values:

Trade Size

the purpose,

Size of
of Conduit Conductor
W Aneh 16 AW
:52 @nclﬁ e 12 AW@G
i inc e e
inch _._
114 inch

SECTION 13--332. SURFACE METAL RACEWAY
Order 13-3521. Scope.

Installations of suxface metal raceways shall comply with the
provizions of Orders 13-8001 to 18-8020, inclusive, and in addition

“shall comply with the provisions of the following Orders 13-3522 to
: 18-3527, inclusive. '
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Order 13-3522. Use.

Surface metal raceway may be used in dry locations. It shall not
be used (1) where concealed, except that the back and sides of multi-
outlet assembly may be surrounded by the puilding finish; and metal
raceways approved for the purpose may be used for under-plaster
extensions; (2) where gubject to severe mechanical injury unless
approved for the purpose; (3) where the voltage is 300 volts or more
between conductors unless the metal has a thickness of not less than
040 inches; (4) where subject to corrosive vapors; (5) in hoistways;
(6) in storage battery rooms; nor (7) in any hazardous location.

Order 13-3523. Size of Conductors.
No conductor larger than No. 6 shall be installed in surface metal

raceway.

Order 13-3524. Number of Conductors in Raceway.

The number of conductors installed in any raceway ghall not be
greater than the number for which the raceway is approved, and in
1o case shall more than 10 conductors be installed in a single raceway

compartment.

Order 13-3525. Extension Through Walls and Floors.

Except in multi-outlet assemblies, raceways may be extended
through dry walls, dry partitions and dry floors, if in unbroken lengths
where passing through.

Order 13-3526. Combination Raceways.

If combination metal raceways are used both for signal and for
lighting and power cireuits, the different systems shall be run in
separate compartments, identified by sharply contrasting colors of the
interior finish, and the same relative position of compartments shall
be maintained throughout the premises.

Order 13-3527. Multi-Outlet Assembly.
Multi-outlet assembly, and all fittings used in connection with the
assembly, shall be approved for the purpose.

SECTION 13-354. UNDERFLOOR RACEWAY

Order 13-3541. Scope.

Installations of underfloor raceways ghall comply with the provi-
sions of Oxrders 13-3001 to 13-3020, inclusive, and in addition shall
comply with the provisions of the following Orders 13-3542 to 13-3556,

inelusive.

Order 13-3542, Use.

Underfloor raceways may be used when installed beneath the sur-
face of concrete or other flooring material, or in office occupancies,
when laid flush with the concrete floor and covered with linoleum or
equivalent floor covering. Open-bottom type of raceways may be used
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in concrete fill between the rough and the finished fl
oor only. Under-
?;c):r‘ racewiys sl;all not be used (1) if subject to corrosive vapo:;'
in any hazardous loeation; (3) in commerci ¥ : nor in
i Al g ) merecial garages; nor (4) in

Order 13-3543. Covering.

Raceway coverings shall conform to the following:

A, Re-wewaysl No_t Ouver 4 Inches Wide. Half-round raceways mnot
over 4 inches in width, and, except as permitted in paragraph C of
this order, flat-top raceways not over 4 inches in width, shall hav
not less than % inches of conerete or wood above the 1‘ac:away )
Se];&:j;(;iwaé‘;ls tO'ue-r 4 Imches in Width or With Less Than % Inch
a » . Flat-top raceways over 4 inches in width or raceways of

ny width placed less than % inch apart, shall be covered with
crete to a depth of not less than 1% inches. ) o

C. }‘Ea,ceways Flush With Conerete. Approved metal flat-top race-
ways if ‘not over 4 inches in width may, in office occupancies, be laid
f!nsh with the concrete floor surface if covered with sul,)stantill
lmq]e}lm not less than % inch in thickness or with equivalent ﬁotilr
covéring. When more than one and not more than three single race-
ways are {?ach installed flush with the concrete, they must be (1) con-
tiguous with each other and joined to form a rigid assembl 2
spaced not less than %% inch apart. v or (2)

Order 13-3544, Size of Conductors.

No conductor larger than that f i

: ; or which the raceway is
shall be installed in underfloor raceways and the largest size c?:lr:im‘;:ed
allowed shall be No. 0 AWG. ‘ e

Order 13-3545. Number of Conductors in Raceway.

40The ‘comhined cros’s-scr':tional area of all conductors shall not exceed
per cent of. the interior area of the raceway; except that if the
raceway c?ntams only armored cable or non-metallic sheathed cable
these requirements shall not apply. ’

Order 13-3546. Splices and Taps.
Splices or taps shall be made only in junction boxes.

Order 13-3547, Discontinued Outlets.

When an outlet is discontinu
ed, the conductors i
shall be removed from the racew:ay. smplving the gosiek

Order 13-3548. Open-Bottom Raceway—How Laid.

exsei?jr}-b()tt:r? ;'ace;vay shall be laid on a smooth pad of concrete
ing at least 1 inch on each side of the rac
. ‘ . : eway and at least
5‘, }:nch thick, except that this thickness may be reduced to % incsh
e e;ec ;];21 ::.cewag c;;'tr;:sses a run of conduit, and except that in lieu
ete pad, ings which will protect the ¢
' pa onductors fro
contact with piping, structural steel and other obstructions may 1;2

. used, Raceways shall be mechanically secured to the concrete pad
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Order 13-3549, Laid in Straight Lines.

Underfioor raceways ghall be laid so that a straight line from the
center of one junction box to the center of the next junction box will
coincide with the center line of the raceway system, Raceways shall
he made mechanically secure to prevent disturbing this alignment

during construction.

Order 13-3550. Markers at Ends.

At every end of line of raceway, a fitting shall he installed extend-
ing through the floor to mark the line of the duct. Where a duct line
iz interrupted by another duct line, but continues in a strazight line
beyond, and has junction boxes or outlets on either side of the cross-
ing line, no markers are necessary at the interrupting point.

Order 13-3551, Dead Ends,
Dead ends of raceways ghall be closed.

Order 13-3552. Low Points.
Where practicable, raceways and their fittings shall be so arranged
a8 to avoid low points that may form traps for water.

Order 13-3553, Special Fittings at Angles,

‘Where raceways are run at other than right angles, special fittings
shall be provided, if in the judgment of the authority enforcing this
code, these are necessary.

*

Order 13-3554. Junction Boxes.

Junction boxes shall be leveled to the ficor grade and sealed against
the entrance of water. Junction boxes used with metal raceways shall
be metal and shall be glectrically continuous with the raceways.

Order 133555, Inserts. .

Inserts shall be leveled to the ficor grade and sealed against the
entrance of water. Inserts used with metal raceways shall be metal
and shall be eleetrically continuous with the raceway. Inserts set in
or on fHber raceways before the floor is laid shall be mechanically
secured to the raceway. Inserts set in fiber raceways after the floor
ig 12id shall be serewed info the raceway. In cutting through the race-
way wall and getting inserts, chips and other dirt shall not be

allowed to fall inte the raceway, and tools shall be used which are so -

designed as to prevent the tool from entering the raceway and injuring
conductors that may be in place.

Order 13-3556, Connections to Cabinets and Wall Outlets.
Connections between raceways and distribution centers and wall

outlets shall be made by means of rigid or fiexible metal conduit or .

by means of fitlings specially approved for the purpose.

BELECTRICAL CODE—ORDER 13-3568 109

SECTION 13-356. CELLULAR METAL FLOOR RACEWAYS
Order 13-3561, Scope,

Ingtflllations of cellular metal floor raceways shall comply with th
provisions of Qrders 13-3001 to 13-3020, inclusive, and in additioﬁ
?_]gl,a;lgl comply with the provisions of the following Orders 13-3562 to
Wam ’?70}.1 For the purposes of t?ﬁs section a “cellular metal floor race-
togithzra\i}itie Si?f;ﬁd git‘the hol}llow spaces of cellular metal floors,

e ings, whi

for electrical conductors; a “!ie’ll” sifa}:lllrﬁzyd:ffi}nzﬁp:; \;egir? Slee nd"‘?ur@s
tut.)uiar space in a cellular metal floor member, the axiig o’f etTLC OSeld
being parallel to the axis of the metal Aoor ,member: a “h ed‘:e"E
shall‘ t_:e defined as a transverse raceway for electricayl condsit:;
E}fg:ég;ng acc‘etsts. to ﬁ)redetermined cells of a cellular metal ﬂoof‘,

ermittin ins i i ,
distribuﬁ};n Centergts tc; ;I?:ﬁiatlon of electrieal conductors from a

Order 13-3562, Use,
(lglonﬁuctors s_hall not be installed in cellular metal floor raceways
o where subje?t to corrosive vapor; (2) in any hazardous location:
exte;giocﬁ:linelf}ial garagies, except for supplying ceiling outlets 01’~
o the area below the floor but not abov i
; e; nor {4
stord‘ge battery rooms. No electric conductors shall be instal(lec)l 12
any cell or header which contains a pipe for steam, water, air
drainage, or other service than electrical. , P e

Order 13-3563. Size of Conductors.

No conductor larger than | i -

oo n No, 0 shall be installed, except by gpecial

Orrder 13-3564. Number of Conductors in Raceway,

40I‘;1:rcg;lt)lngdt}clzro.ssisectional area of all conductors shall not exceed

0; e interior area of the header feedi the indivi

cells; except that if the racewa i " ovmored oable oy
8 exc ay containg only armored cable or -

metallic sheathed cable, these requirements shall not apply e

Order 13-3565, Splices and Taps. 7

Splices and taps shal in

et nd p all e made only in header access units or

Order 13-3566. Discontinued Outlets.

When an outlet is discontinu
ed, the conductors i
shall be removed from the raceway. o supplying the outiet

Order 13-3567, Markers.

thj&ﬂiuc;ita;)le number of marl.cers shall be installed extending through
r for the future locating of ceils and for system identifieation

Order 13-3568, Junction Boxes. .

thJunction boxes shall be leveled to the floor grade and sealed zgainst
: e ;ntrance of water. Junction boxes used with these raceways shall
e of metal and shall be electrically continuous with the raceway
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Order 13-3569. Inserts.

Inserts shall be levelled to the floor grade and sealed against the
entrance of water, Inserts shall be of metal and shall be electrically
continuous with the raceway. In cutting through the cell wall and
setting inserts, chips and other ‘dirt shall not be allowed to fall into
the raceway, and tools shall be used which are designed to prevent
the tool from entering the cell and injuring the conductors.

Order 13-3570. Connection to Cabinets and Extensions from Cells.

Connections to cabinets and extensions from cells to outlets shall be
made by means of rigid or flexible conduit or by means of fittings
approved for the purpose.

SECTION 13-362. WIREWAYS

Order 13-3621. Scope.

Installations of wireways shall comply with the provisions of Orders
13-8001 to 13-3020, inclusive, and in addition shall comply with the
provisions of the following Orders 13-3622 to 13-3630, inclusive.

Order 13-3622, Use.

Wireways may be used only for exposed work in dry locations in
industrial occupancies, garages and theaters, including motion-picture
houses. Wireways shall not be used (1) where subject to severe
mechanieal injury or corrosive vapor; (2) in hoistways; (3) in any
hazardous location; nor (4) in storage-battery rooms.

Order 13-3623. Size of Conductors. .
No conductor larger than 500,000 c.m. shall be installed in any
wireway. )

Order 13-3624, Number of Conductors in Raceway.

Wireways shall not contain more than 30 conductors at any cross
section, unless the conductors are for signaling circuits or are control
conductors between a motor and its starter and used only for starting
duty. The sum of the eross-gsectional areas of all contained conductors
at any cross section of a wireway shall not exceed 20 per cent of the
interior cross-sectional area of the wireway.

The correction faclors specified in Note 4 of Table 1 of Chapter 10
are not applicable to the foregoing.

Order 13-3625. Splices and Taps.

Splices or taps, made and insulated by approved methods, may be
located within the wireway if they are accessible by means of hinged
covers. The conductors, including splices and taps, shall not fill the
wireway to more than 75 per cent of its area.

Order 13-3626. Supports.

Wireways shall be securely supported at intervals not exceeding b
feet, unless specially approved for supports at greater intervals, but
in no case shall the distance between supports exceed 10 feet,
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Order 13-3627. Extension Through Walls.

Wireways may extend transversely through dry walls if in unbroken
lengths where passing through.
Order 13-3628. Dead-Ends.

Dead-ends of wireways shall be closed.

Order 13-3629. Extensions from Wireways.

EXt.eIlsiDﬂS f.rom wireways shall be made with rigid or flexible metal
conduit, electrical metallic tubing, surface metal raceway or armored

: cable.

Order 13-3630, Marking.

Wireways s.ha]l be marked so that their manufacturer’s name or
trade-mark will be visible after installation.

SECTION 13-364. BUSWAYS.
Order 13-3641. Scope.

Installations of busways shall comply with the provisions of Orders
13~3I.J(31 to 13-3020, inclugive, and in addition shall comply with the
provisions of the following Orders 13-3642 to 13-3653, inclusive.

Order 13-3642, Use.

Busways may be used for exposed work, Busways shall not be used
(1) \'.vhere subject to severe mechanical injury or corrosive vapors;
(2) in hoistways; (3) in any hazardous location; (4) in storage:
hattn.ary rooms; nor (b) outdoors or in wet or damp locations unlEq-s
specially approved for the purpose. L

Busw i )
13_2331?3'5 may be used for service-entrance conductors. See Order

Order 13-3643. Support.

Busways shall be securely supported at intervals not exceeding 5
J_?eet, unless specially approved for supports at greater intervals, but
in no case shall the distance between supports'exceed 10 feet. 'If a
busway is installed in a vertical position, the supports for the busbars
shall be designed for vertical installation.

Order 13-3644, Extension Through Walls.

Busways may exter.ld transversely through dry wallg if in unbroken
lengths where passing through. Busways may extend vertically
through dry floors if totally enclosed (unventilated) where passing
thl'm‘lgh and for a minimum distance of six feet above the floor to
provide adequate protection from mechanical injury.

Order 13-3645. Dead-Ends.
Dead-ends of busways shall be closed.

Order 13-3646, Branches from Busways.

Bl‘al}ches from busways shall be made with busways or with rigid
or flexible metal conduit, electrical metallic tubing, surface metal race-
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way, armored cable or, for portable appliances, with suitable cord

assemblies approved for hard usage.

Order 13-3647, Overcurrent Protection.
Overcurrent protection shall be provided in accord
13-3648 to 13-3662 inclusive.

Order 13-3648. Rating of Overcurrent Protection—Feeders and Sub-

feeders.
If the allowable emrrent rating of the busway does not correspond
to a standard rating of the overcurrent device, the next higher rating
may be used, but not exceeding 150 per cent of the allowable current

rating of the busway.

ance with Orders

Order 13-3649. Reduction in Size of Busway.

Overcurrent protection may be omitted at points where busways are
reduced in size, provided that the smaller busway does not extend
more than 50 feet and has a current rating at least equal to one-third
the rating or setting of the overcurrent device next back on the line,
and provided further that such busway igs free from contact with

combustible material.

Order 13-3650. Branch Circuits.

Where a busway is used as a feeder, devices or plug-in connections
for tapping off branch cireuits from the busway shall contain the
overcurrent devices required for the protection of the branch circuits,
except as permitted in Order 13-2434, Where the overcurrent device
is not readily accessible, it shall be enclosed or guarded until it is
electrically disconnected from the busway.

Order 13-3651. Rating of Overcurrent Protection—Branch Circuits.
A busway may be used as a branch circuit of any one of the types
described in Section 13-210. When so used, the rating or setting of
the overcurrent device protecting the busway shall determine the
ampere rating of the branch circuit and the cireunit shall in all respects
conform with the requivements of Section 13-210 applying to branch

civenits of that rating.

Order 13-3652. Length of Busways Used as Branch Circuits.

Busways which are used as branch circuits and which are so de-
signed that loads can be connected at any point shall be limited to
such lengths as will provide that in normal use the circuits will not
be overloaded. In general, the length of such run in feet should not
exceed three times the ampere rating of the branch circuit.

Order 13-3653. Marking.

Busways shall be marked with the voltage and current rating for
which they are designed, and with the manufacturer’s name or trade-
mark in such manner as to be visible after installation.

1t is recommended thalt where secondary systems are operated un-
prounded, o combination ground detector and potentializer plug be used
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SECTION 13-370. OUTLET, SWITCH AND JUNCTION
BOXES, AND FITTINGS

Order 13-3701. Scope.

le;l‘he al‘;visions. of #his section shall apply to the installation of out-
» switch and junection boxes, and fittings as required by Order 13-

3007, Installati i ) i
¥ ations in hazardous locations shall conform to Section

Order 13-3702. Use of Round Outlet Boxes.

Round outlet boxes shall not be used where conduits or connectors

requiring the use of lockn :
L uts or bushings are to be connected to the

Order 13-3703. Non-Metallic Outlet Boxes.

Non- ic-
insu?::g :;:’Gfil;cceztllziﬁ( bo;ces cll'nay be used only with open wiring on
tors, nob-and-tube work, non- i
and with non-metallic waterproof wiring, PSRRI,

Order 13-3704. Metallic Outlet Boxes.

When used with knob-and-tub
-tube work or non-metallic she
and mounted on metal or metal lath ceilings or walls asttl::l? Ezl:tl;’

shall be insulated from their ¢
s el s supports and from the metal or metal

Order 13-3705. Damp or Wet Locations.

I .

equril dz.;np 01:0 wet locatlon.s, boxes and fittings shall be so placed

]atinpp : ;:.;_ prevent moisture or water from entering and accum]c;r
g within the box or fitting. Boxes and fittings installed in we’;

cati 2] Shall we t]lel pI'DDf. :F or b()xes mn ﬂ()()]S (}
].(l on be Wea
y Bee rdel

Iz recommen -] = o
& 2 nided that hoxes VE: X terial be used
I Tt 2 ho of non-conductive Ta
where ther .la‘“ln sheathed cable when such cable is used in locations
e I8 ”1\.6]}‘ to be oceasional moisture present such H.Bolll
*

dairy barns.
Order 13-3706. Depth of Boxes for Concealed Work

Outlet boxes for concealed work

: shall have an internal d

l.eam'itlf& inches, except that where the installation of such zp;‘;h ik
Bl W e ,to the building structure or is impraeticabl i
not less than 3% inch internal depth may be installed ST

Order 13-3707. Supports—General,

Boxes, fittings and cabinets
' shall be securely faste i
Boxes and fittings, not over 100 cubic inches in si zz W}?it'l:l?ie I:ttplices
-3 ] ache
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to firmly secured exposed raceway by threading or other connection
designed for the purpose, are considered as so fastened.

A. Concealed Work. In concealed work, except as preseribed in
paragraph B of this order, outlet boxes and fittings, unless securely
held in place by concrete, masonry o other building material in which
they are embedded, shall be secured to a stud, joist or similar fixed
structural unit, or to a metal or wooden support which is secured to
such a structural unit. Where there are gang boxes, additional support
shall be provided. Wooden supports shall be not less than 7% inch
in thickness, Lath of wood, metal or composition shall not be consid-
ered a structural unit. See Orders 13-4131 and 13-4132 for support
of fixtures.

B. Exposed Work. In exposed work, and in concealed work in exist-
ing buildings where conductors or cables are fished and outlet boxes
cannot be secured as provided in paragraph A of this order without
disturbing the building finish, the boxes may be mounted directly
upon the plaster surface if securely fastened in place.

Order 13-3708. Pull and Junction Boxes.

Pull and junction boxes shall conform to the following:

A. Minimum Size. For raceways of 114 inch trade size and larger,
containing conductors of No. 6 or larger, the minimum dimensions of
a pull box or a junction box installed in a raceway shall conform to
the following:

1, Straight Pulls. In straight pulls the length of the box shall be
not less than 8 times the trade diameter of the largest raceway.

2. Angle or U Pulls. Where angle or U pulls are made, the dis-
tance between each raceway entry inside the box and the opposite wall
of the box shall not be less than 6 times the trade diameter of the
raceway. This distance chall be increased for additional entries by
the amount of the sum of the diameters of all other raceway entries
on the same wall of the box. The distance between raceway entries
enclosing the same conductor shall not be less than 6 times the trade
diameter of the larger raceway.

3. Exceptions. The limitations of sub-paragraphs 1 and 2 of this

order are not intended to apply to terminal housings supplied with

* miotors, nor to types of boxes or fittings without knockouts and having

hubs or recessed ports for terminal bushings and locknuts.

B. Conductors in Pull or Junetion Boxes. In pull boxes or junetion
hoxes having any dimension over 6 feet, all conductors shall be cabled
or racked up in an approved manner.

Hee Ovder 13-3736 for ingnlation of conductors at bushings.

Order 13-3709, Number of Conductors in a Box.
Boxes shall be of sufficient size to provide free space for all con-

ductors enclosed in the box.

A. The maximum number of conductors, not counting fixture
wires, permitted in outlet and junction boxes shall be as in the fol-
lowing tables with the exceptions noted.
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Bcg: Dimensions g M
Lo aximum N
ze No 1 o 1 Mo 10 . 8
114 x 8 octagonal__________.. 5 .
S T e R e e S 8 7 h 2
1l x 4 square_______ _ i $ . 7 :
% x 4 11/16 square_ %é 4 o :
x 4 11/16 square.. i 2 o
S S S - 20 16 12 10
2}6:(1%:2 0 I py———————— - 8 F 5
LR ) e e S 2 ? 8
________________ f
R— Shallow Boxes of Less Than 114" Depth
B e Maximum Number of Conductor
No. 14 No. 12 I\‘?o, 10
& e s :
411/16 g ﬁ 3
6 6

The abo
studs, cab;ree :122:111‘33 agply where no fittings or devices, such as fixture
. bor “fhei-e t]])ﬂ, .icke}'s, switches or receptacles are contained in
P thaobﬁxmt:mre fixture studs, cable clamps, or hickeys are
aheon an e tﬂ.bleg, _E'::hnurnbel‘ of conductors shall be one less than
o g comhinati' wi a further deduction of one for each flush
bkt e ::;1 of.ﬂush devices mounted on the same strap, A
each conductor te?:r i rough the box is counted as one conductor, and
If single flush bo . n%ting in the box i al&e counted as one conductor
Ao e combin;{;’z;l@; %igiedd; ﬂind each gection is occupied by a flush
will apply to each section Ilrdi\rl;l:el,fy?n TR RRINA-RVNDL TS D R

B. For combinatio ;
Bl e ns not shown in above tables the following table

Size of Conduector “H Bk G
L for Bach Conductor
No: 14 e B cubie i

1 inches
§:. --- 2.25 cubic inches

: --- 2.b cubic inches

.- 3. cubie inches

C. The limitations in par
! paragraphs A and B of this order sh
- - - * al
i.fpé{éﬁ ;:I‘Iﬂ:l;la]. lgoltsmis supplied with motors, nor to types of 1:0;122:
: without knockout and havi
terminal bushings and locknuts. SR (e

Paragra.phs A and B of Orde ~370 no oly to conductors used

; der 13-3708 do ta

. o i - . rred P

for rewiring existing raceways as referred to in Table 11 C‘h;pte 19
Ly r .

Order 13—3?10. Cﬂllductol'ﬁ Entel‘illg B{}xes or Fltt]ngs

Conductors entering boxes or fitti
. * fittings sh j :
sion, and shall conform to the followigng:S L e eienie S S

A. Openings to be Closed. Openi g i
R e penings through which conductors enter

B. Metal Boxes and Fittin 1, are
gs. If metal outlet bhoxes i g
; ko or fitt i
used with open wiring or concealed knob-and-tube work co;dui:tolrs
?
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shall enter through insulating bushings or, in dry places, through
flexible tubing extending from the last insulating support and firmly
secured to the box or fitting. Where raceway or cable is used with
metal outlet boxes or fittings, the raceway or cable shall he secured
to such boxes and fittings.

C. Non-Metallic Boxes. If non-metallic boxes are used with open
wiring or concealed knob-and-tube work, the conductors shall enter
through individual holes. Where flexible tubing is used to encase the
conduetor, the tubing shall extend from the last insulating support
and may be run into the box or terminate at the wall of the box. If
non-metallic sheathed cable is used, the cable assembly ghall enter
the box through a knockout opening. Clamping of individual con-
ductors or cables to the box is not requirved if supported within 8

inches of thé box.

Order 13-3711, Covers and Canopies.,
In completed installations anch outlet box shall be provided with a
eover unless a fixture canopy is used.

A. Non-metallic covers and plates shali be used with non-metallic
cutlet boxes. .

B. If a fixture canopy or pan is used, any combustible wall or
ceiling finish exposed between the edge of the canopy or pan and the
outlet box shall be covered with non-combustible material. .

(.. Covers of outlet boxes having holes through which flexible
cord pendants pass, shail be provided with bushings designed for the
purpose or shall have smooth, well-rounded qurfaces on which the
cords may bear. So-called hard-rubber or composition bushings shall

not be used.

Order 13-3712. Unused Openings.

Unused openings in boxes, fittings and cabinets shall be effectively
closed to afford protection substantially equivalent to that of the wall
of the box or fitting. Metal plugs or plates shall not be used with non-
metallic boxes or fittings unless recessed at least %4 inch from the
outer surface.

Order 13-3713. Boxes Encloging Flush Devices.

Boxes used to enclose flush devices shall be of such design that the
devices will be completely enclosed on back and sides, and that sub-
stantial support for the devices will be provided, Screws for support-
ing the box shall not be used in attachment of the deviee contained

therein.

Order 13-3714. Fastened to Gas Pipes.
Outlet boxes used where gas outlets are present shall be so fastened
to the gas pipes as to be mechanically secure.

Order 13-3715. Position in Wall,
In walls or ceilings of concrete, tile or other non-combustible mate-
rial, hoxes and fittings shall be so installed that the front edge of the
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EZX' or fitting will not. set back of the finished surface more than
inch, In walle and ceilings constructed of wood or other combustible

material, outlet boxes and fittin i
gs shall be flush with t i
surface or project therefrom. o finished

Order 13-3716, Repairing Plaster,

. Etxc‘fapt on walls or ceilings of conerete, tile or other non-combustible
material, a plaster surface which is broken or inecomplete shall be

repaired so that there will be no
the box or fitting. gaps or open spaces at the edge of

Order 13-3717. Junction Boxes to Be Accessible.

thJuncf:lon boxes shall be so installed that the wiring contained in
i} e_zirg'may be 1:endered accessible without removing any part of the
bg; 111r;:t‘;m1I1‘1 ﬁnll)shed rooms, wiring and splices in a junction or outlet
po s Wgua lan}.:.cover, and not more than 6 inches back of the
o a. orlcezhng surface, shall be considered accessible when

e or more suitable markers extend through the plaster, paint or
other finish for futuve location and identification of the bo;{.p t

Order 13-3718. Exposed Extensions.

CeI? dmalfl_ng an exposed ex‘tension from an existing outlet of con-
a‘e wiring, a box, extension ring or blank cover shall be mounted
(T)‘\;lel the or.lgmal box and electrically and mechanically secured to it
e extension shall then be connected to thizs box in the manner pr :
scribed for the method of wiring employed in making the extensliof;

Order 13-3719. Boxes at Fixture Outlets.

AtBoxes used at outlets for fixtures shall be designed for the purpose
. every ou.tiet uged exclusively for lighting, the box shall be sc;
esigned or installed that a fixture may be attached

SECTION 13-373. CABINETS AND CUTOUT BOXES
Order 13-3731. Scope.

) ']ihe provisions of this section shall apply to the installation of cab-
;nei 5 and cutout ?:)(?Xes. Installations in hazardous locations shall con-
orm to the provisions of Section 18-500. :

Order 13-3732. Damp or Wet Locations.

ty}l)l; (:}a:;rlllp 1:)r wet locations, ca.b‘inets and cutout boxes of the surface
: - e so placed or equ1pped as to prevent moisture or water
rom entering and accumulating within the eabinet or cutout box, and
shall be mounted so there is at least one-quarter inch air s ac’ 2;:1
tween the enclosure and the wall or other supporting surface gabpj 1?—
or cutout boxes installed in wet loeations shall be wéath‘eri}roof e
It is recommended that boxes of non-conductive material be used

with non-metallic sheathed c
-able when such cable i i
where there is likely to be moisture present. 7 naed i Jocations
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Order 13-3733. Position in Wall.

In walls of concrete, tile, or other non-combustible material, cabinets
shall be so installed that the front edge of the cabinet will not set
back of the finished surface more than % inch. In walls constructed of
wood or other combustible material, cabinets shall be flush with the
finished surface or project therefrom,

Order 13-3734. Unused Openings.

Unused openings in cabinets or cutout boxes shall be effectively
closed to afford protection substantially equivalent to that of the wall
of the cabinet or cutout hox. If metal plugs or plates are used with
non-metallic cabinets or cutout boxes, they shall be recessed at least
14 inch from the outer surface.

Order 13-3735. Conductors Entering Cabinets or Cutout Boxes.

Conductors entering cabinets or cutout boxes shall be protected
from abrasion and shall conform to the following:

A. Openings to Be Closed. Openings through whieh conductors enter
shall be adequately closed.

B. Metal Cabinets and Cutout Bowes. If metal cabinets or cutout
boxes are used with open wiring or concealed knob-and-tube work,
conductors shall enter through insulating bushings or, in dry places,
through flexible tubing extending from the last insulating support and
firmly secured to the cabinet or cutout box.

Order 13-3736. Deflection of Conductors.

Conductors entering or leaving cabinets or cutout boxes and the
like shall conform to the following:

A. Width of Gutters. Vertical conductors No. 1 or larger shall not
be deflected where they enter or leave a cabinet unless a gutter hav-
ing a width in accordance with the following table is provided:

Minimum Width of
Conductor Size Gutter in Inches

No. 1

Na. 0 to 200,000 cm.____
211,600 to 600,000 e.m.
600,000 to 800,000 e.m._ :
1,000,000 to 1,400,000 c.m. . e 1
1,500,000 to 2,000,000 €M _ . oo o oo e a oo T I

[ RN AT

B. Insulation at Bushings. Where ungrounded conductors of No. 4
or larger enter a raceway in a cabinet, pull box, junction box, or
auxiliary gutter, the conductors shall be protected by a substantial
bushing providing a smoothly rounded insulating surface, unless the
conductors are separated from the raceway fitting by substantial in-
sulating material securely fastened in place. If conduit bushings are
constructed wholly of insulating material, a locknut shall be provided
both inside and outside the enclosure to which the conduit is attached.
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Order 13-3737. Space in Enclosures.

Cabinets and cutout boxes shall conform to the following:

A, To Accomvmodate Conductors. Cabinets and cutout boxes shall
be selected which have sufficient space to accommodate all conductors
installed in them without crowding.

B. Used as Junction Boxes. Switch enclosures shall not be used as
junction boxes, troughs or raceways for conductors feeding through
or tapping off to other switches, unless special designs are employed
to provide adequate space for this purpose.

Order 13-3738. Side or Back Wiring Spaces or Gutters.

Cabinets and cutout boxes shall be provided with back wiring spaces,
gutters or wiring compartments as required by sub-paragraphs C
and D of Order 13-93732.

SECTION 13-374. AUXILIARY GUTTERS

Order 13-3741. Purpose.

Auxiliary gutters, used to supplement wiring spaces at meter cen-
te}'s:, distribution centers, switchboards and similar points of interior
wiring systems, may enclose conductors or bus bars, but shall not be
used to enclose switches, overcurrent devices or other appliances or
apparatus,

Order 13-3742. Extension Beyond Equipment.

An auxiliary gutter shall not extend a greater distance than 30 feet
beyond the equipment which it supplements except in elevator work.
Any extension beyond this distance shall comply with the provisions

for wireways in Section 13-362 or with the provisions for husways in
Section 13-364,

Order 13-3743. Supports.

Gutters shall be supported throughout their entire length at inter-
vals not exceeding 5 feet.

Order 13-3744, Covers.
Covers shall be securely fastened to the gutter,

Order 13-3745. Number of Conductors in Raceway.

Auxiliary gutters shall not contain more than 80 conductors at any
cross section unless the conductors are for signalling cireuits or are
control conductors between a motor and its starter and used only for
starting duty. The sum of the cross sectional areas of all contained
conductors at any cross section of an auxiliary gutter shall not exceed
20 per cent of the interior cross sectional area of the gutter.

For elevators see order 13-6215,

Order 13-3746. Carrying Capacity of (J_opper__B:p-s.
The current carried continuously in bare conductors m:Iu_nl}n_y

gutters shall not exceed 1000 amperes per square inch of cross section
of the conductor.
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Order 12-3747. Clearance of Bare Live Parts.

Bare conductors shall be securely and rigidly supported so that the
minimum clearance between bare current carrying metal parts of
opposite polarities mounted on the same surface ghall be not less than
2 inches, nor less than 1 inch for parts that are held free in the air.
A spacing not less than 1 inch shall be secured between bare current
carrying metal parts and any metal surface. Adequate provision ghall
be made for expansion and confraction of copper bars.

Order 13-3748. Splices and Taps.
Splices and taps shall conform to the following:

A. Splices or taps, made and insulated by approved methods, may
be located within gutters if they are accessible by means of removable
covers or doors. The conductors, including splices and taps, shall not
fill the gutter to more than 75 per cent of its area.

B. Taps from bare conduetors shall leave the gutter opposite their
terminal connections and conductors shall not be brought in contact
with uninsulated current carrying parts of opposite polarity.

. All taps shall be suifably identified at the gutter as to the

circuit or equipment which they supply.

D. Tap connections from conductors in auxiliary gutters shall be
provided with overcurrent protection in conformity with the provisions
of Order 13-2434.

Order 12-3749. Construction.
Auxiliary guiters shall be constructed in accordance with the fol-
lowing:

A. Gutters shail be so constructed and installed that adequate
eleetrical and mechanieal continuity of the complete raceway system
will be secured.

B. Cutters shall be of substantial construction and shall provide
a complete enclosure for the contained conductors. All surfaces, both
interior and exterior; shall be suitably protected from corrosion. Cor-
ner joints shall be made tight and where the assembly is held together
by rivets or bolts, these ghall be spaced not more than 12 inches apart,

C. Suitable bushings, shields or fittings having smooth rounded
edges shall be provided where conductors pass between gutters, through
partitions, around bends, between gutters and cabinets or junction
boxes and at other locations where necessary to prevent abrasion of
the insulation of the conductors.

D. Gutters shall be constructed of sheet metal of thicknesses not
less than in the following table:

Maximum Width of the Widest ‘I'hickness

Surface of Gutters - {1785 Sheet Stesl Gauge)
Up to and including 6 inches__ oo I - N .0598 inch
Ower § in, angd not over 18 in._ _.-No. 14 0747 inch
Over 18 in. and not over 80 in... e 1046 inch
Over 30 inches.__ e e .1345 inch
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E. Where insulated conductors are deflected within the auxiliary
gutter, either at the ends or where conduits, fittings or other race-
ways enter or leave the gutier, or where the direction of the gutter is
deflected greater than 30 degrees, dimensions corresponding to Order
13-3736 shall apply.

SECTION 13-380. SWITCHES

Order 13-3801, Grounded Conductors.

No switch or eircuit-breaker shall disconmect the grounded con-
dl.JCtOI‘ of a circuit unless the switch or cireuit-breaker simultaneously
disconnects the ungrounded conductor or conductors, or unless the
switch or cireuit-breaker is so arranged that the grounded conductor
cannot be disconnected until the ungrounded conductor or conductors
have first been disconnected.

Order 133802, Three-Way and Four-Way Switches

] Tl}ree-way and four-way switches shall be so wired that all switch-
Ing is done only in the ungrounded eciveuit conductor. Wiring between
switches and outlets shall, if in metal enclogures, be run with both
polarities in the same enclosure.

Order 13-3803. Enclosures.

S_witches and circuit-breakers, except pendent and surface {ype snap
switches and knife switches mounted on an open face switchboard or
panelboard, shall be of the externally operable type enclosed in metal
boxes or cabinets. '

Order 13-3804. Wet Locations,

I‘f a switch or circuit-breaker is in a wet location or outside of a
‘!)uﬂdmg, it shall be enclosed in a weatherprobf enclosure or cabinet
installed to conform to Order 13-3732,

Order 13-3805, Time Switches, Flashers and Similar Devices.

'!‘ime switches, flashers and similar devices, unless mounted on
switehboards or control panels, if not in approved individual housing
shall be enclosed in metal boxes or cabinets but need not be of thej
externally-operable type.

@

Order 13—3806, Position of Knife Switches.

Bingle-throw knife switches ghall be so placed that gravity will not
tend to close them. Double-throw knife switches may be mounted so
?;hat the throw will be either vertical or horizontal as preferred, but
}f the throw be vertical a locking device shall be provided which, will
insure the blades remaining in the open position when so set.

Order 13-3807. Connection of Knife Switches.

Knife switches, unless of the double-throw type, shall be so con-
nected that the blades are dead when the switeh is in the open
position, '
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Order 13-3808. Accessibility and Grouping.
Switches and cirvcuit-breakers, so far as practicable, shall be readily
accessible and shall be grouped.

Order 13-3809. Covers of Flush Snap Switches.

Flush snap switches, if mounted in ungrounded metal boxes and
located within reach of conducting floors or other conducting sur-
faces, shall be provided with covers of non-conducting, non-combustible
material. Face plates, if of metal, shall be not less than 0.04 inch in
thickness, and plates of non-conducting, non-combustible material shall
be not less than 0.10 inch in thickness,

Order 13-3810. Mounting of Surface Type Snap Switches.

Snap switches used with open wiring on insulators shall be mounted
on sub-bases of insulating material which will separate the conductors
at least 14 inch from the surface wired over.

Order 13-3811. Circuit-Breakers as Switches.

A cireuit-breaker operable directly by applying the hand to a lever
or handle may serve as a switch provided it has the number of poles
required for such switch.

Order 13-3812. Grounding of Enclosures.

Enclosures for switches or circuit-breakers on circuits of over 150
volts to ground shall be grounded in the manner gpecified in Section
13-250, except where accessible to qualified operators only.

Order 13-3813. Knife Switches.-

Knife switches rated for more than 1200 amperes at 250 volts or
less, and for more than 600 amperes at 2561 to 600 volts, shall be used
only as isolating switches and shall not be opened under load. To in-
terrupt currents greater than 1200 amperes at 250 volts or less, or 600
amperes at 251 to 600 volts, a circuit-breaker or a switch of special
design approved for such purpose shall be used. Knife switches of
lower rating may be used as general use switches and may be opened
under load. Motor circuit switches (see definition) may be of the knife

switch type.

Order 13-3814. Rating of Snap Switches.

Snap switches shall be rated as follows:

A. Non-Induetive Loads. For non-inductive loads other than
tungsten-filament lamps, switches shall have an ampere rating not
less than the ampere rating of the load. )

B. Tungsten Filament Loads. For tungsten-filament lamp loads,
and for combined tungsten-filament and non-inductive loads, switches
¢hall be “T” rated, except where the three following qualifications are
satisfied: i

1. 1f switches are used in branch civcuit wiring systems in pri-
vate homes; in rooms in multiple-occupancy dwellings used only as
living quarters by tenants; in private hospital or hotel rooms; or in
similar locations but not in publie rooms or places of assembly; and

g
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e 2. On_ly \v\.rhen such a switch controls permanently connected fix-

L ares c;:* hghtmg_ ouf:lets in one room only, or in one continuous hall-

o yl') ;fc 1?;': the. lzgiltt‘lng fixtures may be located at different levels, or

or 1n

“ attics or basements not used for assembly purposes;

250‘73.. When the switch is rated at not less than 10A, 125V; A
i ,h:);' foE' the 4-way types, bA, 125V; 24, 250V. ,

" a uctwe' Loazd:f. Switches controlling inductive loads shall have

. amfs;e rating t;wdlce the ampere rating of the load unless they are

e a ToV:

e pp . as part of an assembly or for the purpose
For switch ine lighti

e 133:;610:‘ es on signs and outline lighting, see Orders 136002, 13-6003
For switehes controlling motors, see Order 13-4383.

SECTION 13-384. SWITCHBOARDS AND PANELBOARDS
Order 13-3841. Scope.

The requirements of this section shall apply to all switchboards
panelboefrds,_ and distribution boards used for the control of light an(i
E?:riia?‘mmts’ except switc!lboards in utility company operated cen-
s g‘e:::':, ;I;d/ oz: suh-statmr}s, whic]'n directly control energy derived
v fs or transforlmmg devices, and except switchboards or
e Theu r:;ztiir:;c;::;velg tﬁ .control signal circuits operated by

‘les. 0 is section sha
charging panels if current is taken from light orllp:\szrl'ychf:zuz:ttery

Oréler 1}1:—3842. Application of Other Sections.
witches, circuit-breakers and overcurre i
4 ; nt devices used on switch-
boalrds, panelboards and distribution boards, the boards Dandsw;h(:ilr
;::31(:3?75(;11‘63, shall conform to the requirements of Sections 13-240
—-370, 13-380 and other sections which apply. Switchboards and pan:

elboards, in hazardous 1 i
Tl 13_500. s locations shall conform to the requirements of

Order 13-3843. Support of Bus Bars and Conductors.

Conductors and bus bars on a switchboard, panelboard or control

board, shall be so located as t
A ¢ o be free fro ical inj
shall be held in such a manner as to be rigir;[l. i T

SWITCHBOARDS

Order 13-3851. Location of Switchboards.

pefggt::b;ardt? which ]'fave any exposed live parts shall be located in
- ntly dry locations and then only where under competent
supervision and accessible only to qualified persons o

Order 13-3852. Wet Locations.

If i is i
a switchboard is in a wet location or outside of a building, it
¥

shall be enclosed in a therpr i
Er i o 13_‘3‘}&;3-2&?_ erproof enclosure or cabinet installed to
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Order 13-3853. Location Relative to Easily Ignitible Material.

Switchboards shall be so placed as to reduce_: tq a.r_ninimum 1.:hle
probability of communicating fire to adjacent easily ignitible material.

Order 13-3854, Clearance from Ceiling. N

Switchboards shall not be built up to a non-fireproof ceiling, a space
of three feet being left between the ceiling and the board, unless an
adequate fire-proof shield is provided between the board and the
ceiling.

Order 13-3855. Clearance Back of Switchboard. '

If the equipment or wiring on the back of the switechboard is acces-
sible only from the space behind the boarf‘l, there sha}l'be a diﬁr
space of at least 18 inches between such equlpr'nent or wiring andl e
wall for a single panel switchboard not exceeding 42 mc'hes in width,
and at least 24 inches when the board consists of a wider Panel or
more than one panel. If the space behind the board is acc<?s51b1e only
from one end, these spaces shall be increased by at lelast 8 mchgs. The
space back of the board shall be kept clear of foreign material and
shall not be used for storage purposes.

Reduction of clearances for short intervals by building colurn.ns hehind
the switchboard, or by equipment on a single panel in the gwitehboard,
ig permitted provided the c¢learances are not reduced belt?w those
reguired for a single panel hoard, )

Some of the above dimensions are exceptions Lo Order 13-1112,

Order 13-3856. Conductor Covering. .

Insulated conductors where closely grouped, as on the rear of switch-
boards, shall each have a flame-retardent outer coxlrering. The con-
ductor covering ghall be stripped back a sufficient distance from the
terminals so as not to make contact with them, Insulated c‘onductors
used for instrument and control wiring on the back of swfltchboar};ds
shall be flame retardanti, either inherently or by means of an ouier
covering, and be one of the following types, R, RH, V, AVA, AVB, T,
or TA.

Order 13-3857. Protection of Imstrument Circuits,

Instruments, pilot lights, potential transformers, and Oth(-i‘].‘ switch-
beard deviees with potential coils, except where the operation of the
overcurrent device might introduce 2 hazard in the operation of de-
vices, shall be supplied by a cirenit that is protected by standard over-
current devices of a rating not greater than 15 amperes, except that
for ratings of 2 amperes or less gpecial types of enclosed fuses may
be used.

Order 13-3858. Grounding—Switchboard Frames.

Switchboard frames and structures supporting gwitching equipme:n‘c
shall be grounded, except that frames of direct-current single-polarity
switchhoards need not be grounded if effectively insulated.
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Order 13-3859. Grounding of Instruments, Relays, Meters and Instru-
ment Transformers on Switchboards.

Instruments, relays, meters and instrument transformers located on
switchboards shall be grounded as specified in Orders 13-2621 to
13-262b. : ’

PANELBOARDS

Order 13-3881. Number of O;Iercurreut Devices on One Panelboard.

Not more than 42 overcurrent devices of z lighting and appliance
branch circuit panelboard shall be installed in any one eabinet or
cutout hox,

Order 13-3882. Overcurrent Protection.

Except ag installed for services as in paragraph A-8 of Order
13-2371, a paneclboard supplied by conductorg having overcurrent pro-
teetion greater than 200 amperes shall be protected on the supply side
by overcurrent devices having a rating not greater than that of the
panelboard. Snap switches rated at 30 amperes or less and employed

in panelboards shall have overcurrent protection not in excess of 200
amperes,

Order 13-3883. Panelboards in Damp or Wet Locations.

Panelboards in damp or wet locations shall be installed in con-
formity to Order 13-3732.
Order 13-3884. Enclosure.

Panelboards shall be mounted in cabinets or cutout boxes.

Order 13-3885. Relative Arrangement of Switches and Fuses,

Panelboards having switches on the load side of any type of fuses

shall not be installed except for use as service equipment as provided
in Order 13-2376.

SECTION 13-390. PREFABRICATED BUILDINGS
Order 13-3901.- Secope.

The intent and purpose of the following orders is to define
approeved methods for the wiring of prefabricated building sections,
panels, or units designed for later erection or assembly as integral
parts of buildings whether wired in the process of manufacture or at
the site of erection or assembly.

Order 13-3902. Wiring Methods.
Only wiring methods recognized in this code shall be used.

Order 13-3903. Code Provisions to Apply.

The provisions of this code shall apply for the type of wiring method
used and the type of construction employed, .
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Chapter 4. Equipment for General Use
SECTION 13-400. FLEXIBLE CORDS

Order 13-4001. General, :
Flexible cords shall be suitable for the conditions of use and location.

Order 13-4002. Types. Ty |

Cords of the several types shall conform to the descriptions o§
Table 31 of Chapter 10. Types of flexible cords other than those liste
in Table 31, and other uses for types listed in the table, shall be "c‘ne
subject of special investigations and shall not be used before being
approved.

Order 13-4003. Use. ik ‘

Flexible cord may be used only for (1) pendants; (2? wiring of fix-
tures; (3) connection of portable lamps, tools, or appliances; (4) e.le-
vator cables; (5) wiring of cranes and hoists: (6) for the connectu.m
of stationary equipment to facilitate their intercl}ange; or (7) to pre-
vent the transmission of noise or vibration. Flexible cord shg.ll not be
used (a) as a substitute for the fixed wiring of a structure; (b) Wherﬁ
yun through holes in walls, ceilings, or floors; (c) where run thrmffgd
doorways, windows, or gimilar openings; (d) w'he.re attached to build-
ing surfaces; or (e) where concealed behind building walls, ceilings or
floors.

Order 13-4004. Splices. ) '
Flexible cord shall be used only in continuous lengths without splice
or tap.

Order 13-4005. Show-Windows and Show-Cases.

Flexible cords used in show-windows or in show-cases shall b‘e‘ of
Type 8, S0, 8J, SJO, 8T, SJT, SU, SUO or AFS, except for the wiring
of chain fixtures, and for supplying current to portable lamps and
other merchandise for exhibition purposes.

Order 13-4006. Minimum Size. .
Flexible cords shall not be smaller than N(?. 18, except tha‘t tinsel

cords, or cords having equivalent characteristics, of smaller size may

be approved for use with specific appliances. :

Order 13-4007. Insulation—Over 300 Volts. .
1f the voltage between any two conductors exceeds 300, but does not

exceed 600, flexible cord of No. 10 and smaller shall have rubber or .

thermoplastic insulation on the individual conductors at l:aast 3/64
inch in thickness, unless Type 5, S0, ST, SU, or SUO cord is used.
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Order 13-4008. Overcurrent Protection.

Flexible cords not smaller than No. 18, and tinsel cords, or cords
having equivalent characteristics, of smaller size approved for use
with specific appliances, shall be considered as protected against over-
current by the overcurrent devices described in Order 13-2403. Cords
shall be not smaller than required by Table 3, Chapter 10, for the
rated current of the appliance.

Order 13-4009. Pull at Joints and Terminals.

Flexible cords shall be so connected to devices and to fittings that
tension will not be transmitted to joints or terminal serews. This shall
be accomplished by a knot in the cord, winding with tape, by a special
fitting designed for that purpose, or by other equivalent means.

SECTION 13-410. LIGHTING FIXTURES, LAMPHOLDERS,
LAMPS, RECEPTACLES AND ROSETTES

GENERAL
Order 13-4101. Scope.

Lighting fixtures, lampholders, pendants, receptacles, and rosettes,
incandescent filament lamps, are lamps, electric discharge lamps, the
wiring and equipment forming part of such lamps, fixtures and light-
ing installations shall conform to Orders 13-4102 to 13-4216 inclusive,
except as otherwise provided in this code.

Order 13-4102. Application to Other Sections.

Equipment for use in hazardous locations shall conform to Section
13-500.

Order 13-4103. Live Parts.

Fixtures, lampholders, lamps, rosettes and receptacles, shall have
no live parts normally exposed to contact, except in the case of cleat-
type lampholders, receptacles and rosettes which are located at least
8 feet above the floor. Lampholders, receptacles and switches which
have exposed accessible terminals shall not be installed in metal fix-
ture canopies or in open bases of portable table or floor lamps.

PROVISIONS FOR FIXTURE LOCATIONS

Order 13-4111. Fixtures in Damp, Wet or Corrosive Locations.

Fixtures installed in damp or wet locations shall be of vaportight
or other types approved for such locations and shall be so constructed
or installed that water cannot enter or accumulate in wireways, lamp-
holders or other electrical parts. Fixtures installed in corrosive loca-
tions shall be of a type approved for such locations.

Order 13-4112. Fixtures Near Combustible Material.

Fixtures shall be so constructed, or installed, or equipped with
shades or guards that combustible material will not be subjected to
temperatures in excess of 90C (194F).
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Order 13-4113. Fixtures Over Combustible Material.

‘Lampholdcrs installed over specially combustible material sha%l be
of the unswitched type and unless individual switches are provided,
shall be located at least 8 feet above the floor, or shall be otherwise
so located or guarded that the lamps cannot be readily removed or
damaged.

Order 13-4114. Fixtures in Show-windows.

No externally wired fixture other than of the chain type shall be
used in a show-window. For use of cords in show-windows, see Order
13-4005.

Order 13—4115. Fixtures in Clothes Closets.
Fixtures in clothes closets shall be installed on the ceiling or on the
wall above the door. Pendants shall not be installed in clothes closets.

PROVISIONS AT FIXTURE OUTLET BOXES, CANOPIES
: AND PANS

Order 13-4121, Space for Conductors.

Canopies and outlet boxes taken together shall provide adequate
space so that fixture conductors and their connecting devices may be
properly installed.

Order 13-4122. Temperature Limit of Conductors in Outlet Boxes.

Tixtures shall be of such construction or so installed that the con-
ductors in outlet boxes will not be subjected to temperatures greater
than that for which the conductors are approved.

Order 13-4123. Outlet Boxes to be Covered.

In a completed installation, each outlet box shall be provided with
a cover unless covered by means of a fixture canopy, lampholder,
receptacle, rosette, or similar device.

Order 13-4124. Covering of Combustible Material at Outlet Boxes.

Any combustible wall or ceiling finish exposed between the edge of
a fixture canopy or pan and an outlet box shall be covered with non-
combustible material.

Order 13-4125. Connection of Fixtures,

In general, fluorescent fixtures when supported independently of the
outlet box shall be connected through metal raceways or armored con-
ductors. This requirement may be waived when cord-equipped fixtures
are suspended directly below the outlet box and the exposed cord is
not subject to strain or mechanical injury.

FIXTURE SUPPORTS

Order 13-4131. Support—General.

Fixtures, lampholders, rosettes, and receptacles shall be securely
supported. A fixture which weighs more than 6 lbs. or exceeds 16
inches in any dimension shall not be supported by the screw shell of
a lampholder,
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Order 13-4132, Means of Support.

Where there is an outlet box, a gas pipe, or a fitting which will
provide adequate support, a fixture shall be attached thereto; other-
wise a fixture shall be supported as required by Order 13-3707. A
fixture which weighs more than 50 lbs. shall be supported independ-
ently of the outlet box.

WIRING OF FIXTURES

Ovder 13-4141, Fixture Wiring—General.

Wiring on or within fixtures shall be neatly arranged and not ex-
posed to mechanical injury. Excess wiring shall be avoided. Condue-
tors shall be so arranged that they will not be subjected to tempera-
tures above those for which they are approved.

Order 13-4142. Conductor Size.
Fixture conductors shall not be smaller than No. 18.

Order 13-4143. Conductor Insulation.

Fixtures shall be wired with conductors having insulation suitable
for the current, voltage, and temperature to which the conductors will
be subjected. Where fixtures are installed in damp, wet, or corrosive
locations, conductors shall be of a type approved for such locations.
For current carrying capacity of fixture wire, see Table 3, Chapter 10.
For maximum operating temperature and voltage limitation of fixture
wires, see Order 13-3102.

Order 13-4144, Conductors for Special Conditions.

Fixtures provided with mogul base screw-shell lamphelders and
operating at not more than 300 volts between conductors shall be
wired with Type AF fixture wire. Fixtures provided with other than
mogul base screw-shell lampholders and operating at not more than
300 volts between conductors shall be wired with Type AF fixture
wire or Type AFC, AFPQO, or AFPD flexible cord; except that where
temperatures do not exceed 90C (194F) Type CF fixture wire or Type
CFC, CFPD, or CFPO flexible cord may be used. Where temperatures
do not exceed 60C (140F) Type T thermoplastic wire and Type TF
and TFF fixture wire, Type R rubber-covered wire, Type RF-64,
RF-32, FF-64, FF-32, RUF and RUFF fixture wire may be used, in-
cluding use in fixtures of decorative type on which lamps of not over
60 watt rating are used in connection with imitation candles.

Order 13-4145. Conductors for Movable Parts.

Stranded conductors shall be used on chain fixtures and other mov-
able parts. Conductors shall be so arranged that the weight of the
fixture or movable parts will not put a tension on the conductors.

Order 13-4146. Pendent Conductors for Incandescent Filament Lamps.

Pendent lampholders with permanently attached leads, if used in
other than festoon wiring, shall be hung from separate stranded



T

130 VOLUME 2—ORDER 13-4146

rubber-covered conductors which are soldered directly to the circuit
conductors but supported independently thereof. Such pendent condue-
tors shall be not smaller than No, 14 for heavy-duty or medium-base
serew-shell lampholders, nor, except for approved Christmas tree and
decorative lighting outfits, smaller than No. 18 for intermediate-, or
candelabra-base lampholders. If the pendent conductors are longer
than 3 feet, they shall be twisted together.

Order 13-4147. Protection of Conductors.

Conductors shall be secured in a manner that will not tend to cut or
abrade the insulation. Conductors shall be protected from abrasion
where they pass through metal. Exposed flexible cord or fixture wire
shall not be used to supply permanently installed fixtures in show
cageg or wall cases,

Order 13-4148. Conductor Protection at Lampholders.

Where a metal lampholder is attached to a flexible cord, the inlet
shall be equipped with an insulating bushing which, if threaded, shall
not be smaller than nominal 3% inch pipe size. The edges of the bush-
ing shall be rounded and all inside fins removed in order to provide a
smooth bearing surface for the conductors,

Bushings having holes #% inch in diameter are suitable for use with
plain pendent cord and holes 33 inch in diameter with reinforced cord.

Order 13-4149. Connections, Splices and Taps.

Fixtures shall be so installed that the connections between the fix-
ture conductors and the circuit conductors may be inspected without
requiring the disconnection of any part of the wiring, unless the fix-
ture is connected by means of a plug and receptacle. Splices and taps
shall not be located within fixture arms or stems. No unnecessary
splices or taps shall be made within or on a fixture. For approved
means of making connections, see Order 13-1118.

Order 13-4150. Fixture Raceways.

Tixtures shall not be used as a raceway for cireuit conductors unless
the fixtures meet the requirements of approved raceways, except that
the conductors of a single branch circuit may be carried through an
installation of fixtures approved for end to end assembly to form a
continueus raceway.

Individual fixtures of all types which are coupled, butted, telescoped,
or conmected together with metal raceways not over eighteen (18)
inches in length, shall be considered as a single fixture.

Order 13-4151. Polarization of Fixtures.

Fixtures shall be so wired that the screw-shells of lampholders will
be connected to the same fixture or eireuit conductor or terminal. For
polarity identification of conductors to screw-shells of lampholders,
see Order 13-2004,
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LAMPHOLDERS

Order 13-4156. Lampholders, Screw-Shell Type.

Lampholders of the screw-shell type shall be installed for use as
lampholders only.

Order 13-4157. Double-pole Switched Lampholders,

Where used on unidentified 2-wire circuits tapped from the un-
grounded conductors of multi-wire circuits, the switching device of
lampholders of the switched type shall simultaneously disconnect both
conductors of the circuit. See Order 13-2007,

Order 13-4158. Lampholders in Damp or Wet Locations.

Lampholders installed in damp or wet locations shall be of the
weatherproof type.

RECEPTACLES

Order 13-4161. Rating and Type.

Receptacles installed for the attachment of portable cords shall be
rated at not less than 15 amperes, 125 volts, or 10 amperes, 250 volts,
and shall be of a type not suitable for use as lampholders.

Order 13-4162. Receptacles in Floors.

Receptacles located in floors shall be enclosed in floor boxes espe-
cially approved for the purpose, except where such receptacles are
located in elevated floors of show windows or other locations free
from mechanical injury, moisture and dirt, the standard approved type
of flush receptable box may be used, i

Order 13-4163. Receptacles in Damp or Wet Locations.

Receptacles installed in damp or wet locations shall be of the
weatherproof type.

ROSETTES

Order 13-4165. Approved Types.

Fusible rosettes shall not be installed. Separable rosettes which
malke possible a change in polarity shall not be used. For construction
specifications see Order 13-94104,

Order 13-4166. Rosettes in Damp or Wet Locations.
Rosettes installed in such locations shall be of the weatherproof
type.
CONSTRUCTION

Order 13—4171. Combustible Shades and Enclosures.

Adequate air space shall be provided between lamps and shades or
other enclosures of combustible material.
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Order 13-4172. Portable Handlamps. -

Handlamps of the portable type supplied through flexible cords shall
be of the molded composition or other type approved for the purpose.
Brass-shell paper-lined lampholders shall not be used. Handlamps
ghall be equipped with a handle. Where subject tc mechanieal damage
or where lamps may come in contact with combustible material,
handlamps shall be equipped with a substantial guard attached to the
lampholder or the handle.

For Garages see Order 13-0108,

Order 13-4173. Marking. .

All fixtures requiring ballasts or transformers shall be plainly
marked with their electrical rating and the manufacturer’s name,
trade-mark or other suitable means of identification. The electrical
rating shall include the voltage, frequency, and shall indicate the cur-
rent rating of the unit inciuding the hallast, transformer or auto-
transformer.

SPECIAL PROVISIONS FOR FLUSH AND RECESSED FIXTURES

Order 13-4176. Approved Type,

Fixtures which are installed in recessed cavities in wallg or ceilings
shall be of an approved type and shall conform to Orders 134177 to
13-4180 inclusive.

Order 13-4177. Temperature,
Fixtures shall be so constructed or installed that adjacent com-
. bustible material will not be subjected to temperatures in excess of
90C (194F), Where a fixture is recesged in fire-resistant material in a
building of fire-resistant construction, a temperature higher than 30C
(194F}, but not higher than 150C (302F) is acceptable if the fixture
is plainly marked that it is approved for that service,

Order 13-4178. Clearanece.

Recessed portions of enclosures, other than at peints of support,
shall be spaced af least % inch from combustible material.

Order 13-4179, Wiring. _

Conductors having insulation suitable for the temperature encoun-
tered shall be used. Fixtures having terminal conneetions which oper-
ate at temperatures higher than 60C (140F) shall have circuit con-
ductors as deseribed in A or B below:

A. Branch circuit conductors having an ingulation suitable for
the temperature encountered may be run directly to the fixture,

B. Tap connection conductors having an insulation suitahle for
the temperature encountered shall be run from the fixture terminal
connection to an outlet box placed at least one foot from the fix-
ture. Such a tap shall extend for at least four feet but not more than
six feet and shall be in 2 suitable metal raceway.
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. Order 13-4180. Construction.

For the construction of flush and recessed fixtures, see Order
13-94105.

SPECIAL PROVISIONS FOR ELECTRIC DISCHARGE LIGHTING
SYSTEMS OF 1,000 VOLTS OR LESS

Order 13-4181. General,

Equipment for use with electric discharge lighting systems and de-
signed for an open-circuit voltage of 1,000 volis or less shall be of a
type approved for such gervice. In addition to complying with the gen-
eral requirements for lighting fixtures, such equipment shall conform
to Orders 13-4182 to 13-4187 inclusive. Transformers of the oil-filled
type shall not be used. The terminals of an electric discharge lamp
shall be considered as alive if any lamp terminal is connected to a
potential of more than 300 volts.

Order 13-4182, Direct-current Equipment. )

Fixtures shall be installed on alternating-current ‘eireuits only, un-
less the fixtures are equipped with auxiliary equipment and resistors
especially designed and approved for divect-current operation and the
fixtures are so marked.

Ovder 13-4183. Voliages—Dwelling Occupancies.

Equipment having an open-circuit voitage of more than 1,000 volts
shall not be installed in dwelling occupancies. Equipment having an
open-circuit voltage of more than 300 volts shall not be installed in
dwelling occcupancies unless such equipment is so designed that there
shall be no exposed live parts when lamps are being inserted, in place,
or being removed,

Order 13-4184, Fixture Mounting.
Fixtures having exposed ballasts or transformers shall be so in-

stalled that such ballasts or transformers shall not be in contact with
combustible material,

Order 13-4185. Auxiliary Equipment Not Integral With Fixinre.
Auxiliary equipment, including reactors, capacitors, resistors, and
similar equipment, where not installed as part of a lighting fixture
assembly shall be enclosed in accessible, permanently-installed metal
cabinets. Such separate equipment should be installed close to the
lamps to keep the conductors between lamps and auxiliaries as shory
as possible. Where display cases are not permanently installed no por-
tion of a secondary circuit may be included in more than a single case.

Order 13-4186. Auto-transformers.
. An auto-transformer which is used as part of a hallast for supply-
ing lighting units and which raises the voltage to more than 800 volts
shall be supplied only by a grounded system.
Order 13-4187. Switches.

Snap switches shall conform to Order 15-3814,
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SPECIAL PROVISIONS FOR ELECTRIC DISCHARGE LIGHTING
SYSTEMS OF MORE THAN 1,000 VOLTS

Order 13-4191, General.

Equipment for use with electric discharge lighting systems and
designed for an open-circuit voltage of more than 1,000 volts shall be
of a type approved for such service. In addition to complying with the
general requirements for lighting fixtures, such equipment shall con-
form to Order 13-4191 to Order 13—4203 inclusive. The terminal of an
electric discharge lamp shall be considered as alive when any terminal
is connected to a potential of more than 300 volts.

Tor signs and outline lighting, see Section 13-600.

Order 13-4192. Control.

Fixtures or lamp installations shall be controlled either singly or
in groups by an externally-operable switch or cireuit-breaker which
will open all ungrounded primary conductors. The switch or circuit-
breaker shall be located within sight of the fixtures or lamps, or it
may be located elsewhere if it is provided with means for locking in
the open position,

Order 13-4193. Switches.
Snap switches shall eonform to Order 13-3814.

Order 13-4194. Transformer Ratings.

Transformers and ballasts shall have a secondary open-circuit volt-
age of not more than 15,000 volts with an allowance on test of 1,000
volts additional, The secondary current rating shall not be more than
240 milliamperes. When the open circuit voltage is more than 7,600
volts, the secondary current rating shall not be more than 120 milli-
amperes,

Order 13-4195. Transformer Type,
Transformers shall be of an approved enclosed type. Transformers
of other than the askarel filled or air-cooled type shall not be uged.

Order 13-4196. Transformer Secondary Connections,

The high-voltage windings of transformers shall not be connected
in series or in parallel, except that for two transformers each having
one end of its high-voltage winding grounded and connected to the
enclosure, the high-voltage windings may be connected in series to
form the equivalent of a mid-point grounded transformer. The
grounded ends shall be connected by an insulated conductor not
smaller than No. 14.

Order 13-4197. Location of Transformers,

Transformers shall be accessible after installation. The transform-
ers should be installed as near to the lamps as practicable to keep the
secondary conductors as short as possible. Transformers shall be so
located that adjacent combustible materials will not be subjected to
temperatures in excess of 90C,
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Order 13-4198. Wiring Method, Secondary Conductors.

Approved gas-tube sign cable suitable for the voltage of the circuit
shall be used. For installation of conductors see Order 13-6031.

Order 13-4199, Transformer Loading.

The lamps connected to any transformer shall be of such length and
characteristies as not to cause a condition of continuous over-voltage
on the transformer.

Order 13-4200. Lamp Supports.
Lamps shall be adequately supported as required in Order 13-6033.

Order 13-4201. Mechanical Injury.

Lamps shall not be located where normally exposed to mechanical
injury.
Order 13-4202. Lamp Terminals and Lampholders.

Parts which must be removed for lamp replacement shall be hinged
or fastened by an approved means. Lamps or lampholders or both
shall be so designed that there shall be no exposed live parts when
lamps are being inserted or are being removed, as provided in Order
13-6011.

Order 13-4203. Marking.

Each fixture or each secondary circuit of tubing having an open-
circuit voltage of more than 1,000 volts shall have a clearly legible
marking in letters not less than % inch high reading “Caution ______
volts.” The voltage indicated shall be the rated open-circuit voltage.

ARC LAMPS
Order 13-4205. General.

Are lamps used in theatres shall conform to Order 13-5284, and
are lamps used in projection machines shall conform to Order 13-5431.
Arc lamps used on constant-current systems shall conform to Order
13-7104.

GROUNDING
Order 13-4211. General.
Fixtures and lighting equipment shall be grounded as provided in

‘Orders 13-4212 to 13-4216 inclusive.

Order 13-4212. Metallic Wiring Systems.

Metal fixtures installed on outlets wired with grounded metal race-
way or grounded armored cable shall be grounded.
Order 13—4213. Non-metallic Wiring Systems.

Metal fixtures installed on outlets wired with knob-and-tube work,
or non-metallic sheathed cable, on circuits operating at 150 volts or
less to ground, shall be grounded except as follows:
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1. Fixtures mounted on metal or metai lath ceilings or walls may
he insulated from their supports and from the metal lath by the use of
insulating joints or fixture supports and eanopy insulators. See Ovder
13-4215,

9. Fixtures not mounted on metal or metal-lath cellings or walls
need be neither insulated nor grounded. See Order 13-4215,

Fixiures made of insulating materials, and Jampholders with shells
of insulating material, are recommended for use with wiring sysiems
that do not afford a ready means for grounding the expoged nongurrent-
carrying parts of fixtures and Jamphelders.

Order 13-4214, Equipment of More Than 150 Volts te Ground.

Metal fixtures, transformers and transformer enclosures on circunits
operating at more than 150 volts to ground shall be grounded. Other
exposed metal parts shall be grounded unless they. are insulated from
ground and other conducting surfaces and are inaceessible to unquali-
fied persons, except that lamp tie wires, mounting serews, clips and
decorative bands on glass lamps spaced not less than 17 inches frem
lamp terminals need not be grounded.

Order 13—4215. Fixtures, Lampholders and Receptacle Plates Near
Grounded Surfaces.

Ungrounded metal lighting fixtures, lamphelders and face plates
shall not be installed within & feet vertically or b feet horizontally of
lzundry tubs, bath tubs, shower baths, plumbing fixtures, steam pipes
or other grounded metal work or grounded surfaces, Metal pull ¢hains
used at these locations shall be provided with insulating links.

Order 13-4216. Methods of Grounding.

Equipment shall be considered as grounded wher mechanically con-
nected in a permanent and effective manner to metal raceway, the
armor of armored ecable, the grounding conductor in non-metallic
sheathed eable, a separate grounding conductor not smaller than No.
14, or to gas piping, provided that the raceway, armor, grounding
conductor, or gas pipe is grounded in a manner gpecified in Section
13-250.

SECTION 13-422. APPLIANCES

Order 13-4221. Scope.
This section shall apply to electric appliances used In any cccupancy.

Order 13-4222. Branch Cireuit Required.

Hvery appliance shall be supplied by a branch cireuit of one of the
fypes specified in Section 13-210. Motor operated appliances shall also
conform to the requirements of Section 13-430.

See Table 28 of Chapter 10 for the conductors of a household range
branch cireuit,

|
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INSTALLATION OF APPLIANCES

Order 13-4231. Insulation of Cords.

Tlexible eords used to eonnect heating appliances shall comply with
the following: .

A, Appliances Requiving Heater Cords, Flexible cords used to con-
nect smoothing irons, or to connect portable electrically heated appli-
ances rated at more than 50 watts and which produce temperatures in
oxcess of 1200 (250F) on surfaces with which the cord is liable to be
in eontact, shall be one of the types of approved heater cords listed in
Table 31, Chapter 10,

B. Other Heating Appliances. All other portable électrically heated
appliances shail be connected by one of approved types of cord listed
in Table 81, Chapter 10, selected in accordance with the usage specified
in that table.

" Order 13-4232. Insulation of Appliances.

Portable appliances shall be provided with an adequate dielectric
interposed between curreni carrying parts and those external gurfaces
which persons can touch, excepi for toasters, grills or other heating
appliances in which the current carrying parts at high temperature
are necessarily exposed. In Jocations where the dielectric is exposed to
mechanical injury, it shall be suitably protected.

Order 13-4233. Portable Immersion Heaters.

Electric heaters of the portable immersion type shall be so con-
structed and installed that eurrent carrying parts are effectively insu-
lated from electrical contact with the substance in which immersed.
The authority enforeing this code may make exception of special appli-
cations of apparatus where suitable preeautionary measures are
followed.

Order 13-4234. Protection of Combustible Material.

Each electrically heated appliance that is obvicusly intended by
size, weight and service to be located in a fixed position shall be so
placed as to provide ample protection between the appliance and adja-
cent combustible material.

Order 13-4235, Stands for Portable Appliances.

Each smoothing iren and other portable electrically heated appliance
which is intended to be applied to combustible material shall be
equipped with an approved stand, which may be a separate piece of
equipment or may be a part of the appliance.

Order 13-4236. Signals for Heated Appliances,

In other than residence occupancies, each electrically heated appli-
ance, or group :_)f electrically heated appliances, intended to be applied
to combustible material, shall be installed in connection with a signal
unless the appliance is provided with an integral temperature limiting
deviee.
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Order 13-4237. Infra-Red Lamp Industrial Heating Appliances.

Infra-red heating lamps rated at 300 watts or less may be used
with lampholders of the medium-base unswitched porcelain type, ov
other types approved for the purpose. Serew-shell lampholders shall
not be used with infra-ved lamps over 300 watts rating unless the
lampholders are especially approved for the purpose. Thesge lamphold-
ers may be connected to any of the branch circuits of Section 13-210
and, in industrial occupancies, may be operated in series on cireuits of
more than 150 volts to ground provided the voltage rating of the
lampholders is not less than the circuit voltage.

lach section, panel or strip carrying a number of infra-red lamp-
holders (including the internal wiring of such section, panel or strip)
is considered an appliance. The terminal connection block of each such
assembly is deemed an individual outlet.

Order 13-4238. Grounding.

Metal frames of portable and stationary electrically heated appli-
ances, operating on circuits above 150 volts to ground, shall be
grounded in the manner gpecified in Seetion 13-250; provided, how-
ever, that where this is impracticable, grounding may be omitted by
special permission, in which case the frames shall be permanently and
effectively insulated from the ground.

Tt is recommended that the frame be grounded in all cases, For
methods of grounding frames of eglectric ranges see Ovders 13-2557 and
13-2660.

CONTROL AND PROTECTION OF APPLIANCES

Order 13—-4241. Disconnecting Means.

Each appliance shall be provided with a means for disconnection
from all ungrounded conductors as follows: '

A. Portable Appliances. For portable appliances (including house-
hold ranges) a separable connector or an attachment plug and recep-
tacle may serve as the disconnecting means. The rating of a receptacle

" or of a separable connector shall not be less than the rating of any
appliance connected thereto, except that demand factors authorized
elsewhere in this code may be applied. Attachment plug caps and eon-
neetors shall conform to the following:

1. Live Parts. They shall be so constructed and installed as to
guard against inadvertent contact with live parts.

9. Interrupting Capacity. They shall be capable of interrupting
their rated current without hazard to the operator.

8. Interchangeability. They shall be so designed that they will not
fit into receptacles of lesser rating.

¥or household electric ranges, a plug and receptacle connection at
the rear base of a range, if it is accessible from the front by removal
of a drawer, is considered as meeting the intent of this rule.

B. Stationary Appliances. For stationary appliances rated at not
over 300 volt ampetres or % horsepower, the branch-cireuit over-
current device may serve as the disconnecting means. For stationary
appliances of greater rating the braneh-circuit switech or ecirenit-
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breaker may, if readily accessible to the user of the appliance, serve
as the disconnecting means.

C. Unit Switches. Switches which are a part of an appliance shall
not be considered as taking the place of the single disconnecting
means required by this order unless there are other means for dis-
connection as follows:

1. Multi-Family Dwellings. In multi-family (more than two)
dwellings, the disconnecting meang shall be within the apartment, or
on the same floor as the apartment in which the appliance is installed,
and may control lamps and other appliances.

‘2. Two-Family Dwellings. In two-family dwellings, the diseon-
neci:n}g means may be outside of the apartment in which the appli-
ance is installed. This will permit an individual switch for the apart-
ment to be used.

3. Single-Family Dwellings. In single-family dwellings, the serv-
ice disconnecting means may be used.

4, Other Occupancies. In other occupancies, the branch-cireuit
switch or circuit-breaker, if readily accessible to the user of the appli-
ance, may be used for this purpose.

D. Switeh or Circuit-Breaker to Be Indicating. Switches or cireuit-
breakers used as disconnecting means shall be of the indicating type.

E. Motor-Driven Appliances. A switch or circuit-breaker which
serves as the disconnecting means for a stationary motor-driven
appliance of more than 1 horsepower shall be located within sight of

the motor controller or shall be capable of being locked in the open
position.

Order 13-4242. Overcurrent Protection.

J‘Appliances, other than such motor-operated appliances as are re-
quired by Section 13-430 to have additional overcurrent protection
shall be considered as protected against overcurrent when supplied hg;
one of the ecircuits of Section 13-210 and in accordance with the re-
quirements therein specified. A range, hot plate, or similar appliance
with surface heating elements, and having a rating of more than 70
amperes, shall have two or more subdivided circuits, each provided
with overcurrent protection not exceeding 50 amperes. Infra-red lamp
heating: appliances shall have overcurrent protection not exceeding 50

amperes.
Order 13-4243. Automatic Flatirons.

I1? is rec‘ommended that electrically heated smoothing irons be
equipped with an approved temperature limiting device,

MARKING OF APPLIANCES
Order 13-4261. Name Plate.

Fach ele’ctl'ic appliance shall be provided with a name plate, giving
the maker’s name and the normal rating in volts and amperes, or in
volts and watts. ;

Note: The nhame plate shall be in a plac i i
e wher
S Bt ] e it will be accesaible
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Order 13-4262. Marking of Heating Elements,

Individual heating elements which are a part of an electric appliance
containing more than one heating element ghall each bfe legibly marked
with normal rating in volts and.amperes, or in volts and watts,

SECTION 13-430. MOTORS AND CONTROLLERS

GENERAL
Order 13-4301, General.
1t is intended that the following general provisions shall cover all
provisions for motors and controllers which do not properly fall into
the other divisions of this section,

Order 13-4302. Application of Other Requirements.
Motors and controliers shall also comply with the provisions of the
following:

__.._Order 13-2003
___Order 13-4608
_Seetion 13-610
__Section 13-620

Auto-transformers
Capacitors
Cranes and Hoists
Hlevators oo ——vw----

CGHATAZBE o o —mm e Order 135103
Hazardous Loecation oo e Section 13-500
Machine To0lS e e e e Section 13-679
Motion-picture Projectors e Orcders 13-5411, 13-5416
Motion-picture Studios ———cmceaen _Orders 13-5210, 1:&—5311
OIEANSE —emmme e __.Order 13-6503
Resistors and Reaectors - o _8ection 13470

FPREALETE oo o e e i it e Ovder 13-5246

Order 13-4303. Overheating From Dust Accumulations.

In locations where dust or flying material will coliect on or in
motors in such quantities as to seriously interfere with the ventilation
or cooling of motors, and thereby cause dangerous temperatures, suit-
able types of enclosed motors which will not overheat under the pre-
vailing conditions, shall be used. Especially severe eonditions may re-
quire the use of enclosed pipe ventilated motors, or enclogure in
separate dust-tight rooms, property ventilated from & source of clean
air.

Order 13-4304. Identification of Motors.

A motor shall be provided with a name-plate which shall give the
maker’s name, the rating in volts and amperes, including those of the
secondary if a wound-roior type of motor, the normal full-load speed
and the interval during which it can operate at full load starting eold,
before reaching its rated temperature. The time interval shall be b,
15, 80, or 60 minutes, or continuous. For a motor rated at 1% horse-
power or larger, the horsepower shall be marked, except that the
motors of arc-welders and sealed (hermetic type) refrigeration com-
pressor motors may be marked in amperes. Sealed (hermetic type)
refrigeration compressor motors which are not marked in horsepower
shall be marked with the full-load current and the locked rotor cur-
rent in amperes. A motor provided with a protective device integral
with the motor (see Qrder 13-4322}, shall have a marking which will
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s0 indicate. For an alternating current motor rated at 2 horsepower
or larger, except a polyphase wound-rotor motor, the name-plate shall
be marked with a code letter to show its input in kilovolt-amperes
with locked rotor, selected from the table given in Order 18-94304,
Chapter 9.

The code letter indicating moter input with locked rotor must be in
an individual block oh the name-plate, properly identified. This code
letter is to be used for determining branch-circuit over-current protee-
tion by reference to Table 26, Chapter 10, as provided in Order 134342,

Order 13-4305. Identification of Controllers.

A controller shall he marked with the maker’s name or identification
symbol, the voltage, the eurrent or horsepower rating, and such other
data ag may be needed to properly indicate the motors for which it is
suifable,

Where a controller is built in as an integral part of a motor or of a

motor-generator set, the controller need not be individually marked
gince the necegsary data must be on the motor nameplate,

Order 13-4306. Identification of Terminals,

Terminals of motors and controllers shall be suitably identified, as
by marking or color, where necessary to indicate the proper connec-
tions.

Order 13-4307. Wiring Space in Enclosures.

Enclosures for controllers and disconnecting means for motors shall
net be used as junction boxes, troughs, or raceways for conduetors
feeding through or tapping off to other apparatus unless designs are
employed which provide adequate space for this purpose,

Order 13-4308. Enclosures.

Suitable guards or enclosures shall be provided to protect exposed
current carrying parts of motors and the insulation of motor leads
where installed directly under equipment, or in other locations where
dripping or spraying oil, water, or other injurious liguid may oceur,
unlegs the motor is designed for the existing conditions,

Order 13-4309. Current-Carrying Capacities.

Whenever the current rating of a motor is used to determine the
current-carrying capacity of conductors, switches, branch-circuit over-
current devices, ete., the values given in Tables 21 to 24 of Chapter 10,
including footnotes, shall be used in lieu of actual current rating
marked on the motor nameplate, Motor running overcurrent protec-
tion shall be based on the motor nameplate current rating. If a motor
is marked in amperes, bui not horsepower, the horsepower rating
shall be assumed to be that corresponding to the value given in Tables
21 to 24, prorated if necessary.

Order 13-4310, Location of Motors.

Motors shall be located so that maintenance sueh ag lubrication off
bearings and replacing of brushes can be readily accomplished. Open
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motors having commutators or collector rings shall be located or pro-
tected so that sparks cannot reach adjacent combustible material.
This does not prohibit the installation of these motors on wooden floors
or supports.

4IZE OF CONDUCTORS FOR MOTOR CIRCUITS

Order 13-4311. General.

It is the intent of the following provisions to gpecify sizes of con-
ductors capable of carrying the motor current without overheating
under the conditions specified.

Order 13-4312. Individual Motor.

Branch-circuit conductors supplying an individual motor shall have
a earrying capacity not less than 125 per cent of the motor full-load
current rating; provided, that conductors for motors used for short-
time, intermittent, periodic, or varying duty may have a carrying
capacity not less than the percentage of the motor name-plate cur-
rent rating as shown in the following table, unless the authority
enforcing the code grants gpecial permission for conductors of smaller
size. :

Percentages of Name—I:llute Current Réﬁng
]

and 60- on-
B- Minute 15-Minute Minute tinuous
Classification of Service Rating Rating Rating Rating
Short-Time Duty =
Operating valves, raising or lowering
rolls, 8te. ao—cmemcommommm—mmmmmmmmmoo 110 120 150 o
Intermittent Duty
]I-‘1-a1‘i;-E t and passenger elevators, tool
heads, pumps, drawbridges, turntables,
gingle-operator arc welders for manual
welding, eteuccaemmocmmmmmm=mmm=m==m- 86 85 a0* 140
Periodic Duty .
Rollg, ore and coal-handling machines, ete. 85 90 95 140
Varying duty._ . —--eem-mommmmommmmoommos 110 120 150 200

or lower at the discretion of the
authorities enforcing the regulations.

———

The conductors between stationary motors, rated 1 H. P. or less,
and the separate terminal enclosures permitted in Order 13-4439B
may be smaller than No. 14 but not smaller than No. 18, provided they
have current-carrying capacity as specified above.

*+ Thisg flgure also applies for conductors which supply a motor-
generator single-operator arc welder which has a 60 per cent duty cycle
rating.

Any motor is considered to he for continuous duty unless the nature
of the apparatus which it drives is such that the motor will not operate
continuously with load under any condition of use.

The size of conductor caleulated on the basis of 125 per cent of the
motor full-load current for the more usual motor ratings is shown in
Table 20, Chapter 10.

For long runs, it may be necessary in order to avoid excessive voltage
drop, to use conductors of sizes larger than the minimum sizes given in
Table 20, Chapter 10,

See example No. & Ch. 10, and Diagram No. 20, Ch. 10
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Order 13-4313. Wound-Rotor Secondary.

The conductors connecting the secondary of a wound-rotor A. C.
motor to its controller shall have a carrying capacity which is not less
than 125 per cent of the full load secondary current of the motoy if for
continuous duty. For other than continuous duty, these conductors
shall have a carrying capacity, in per cent of full load secondary cur-
rent, not less than that specified in the table in Order 13-4312. Where
the secondary vesistor is separate from the controller, the carrying
capacity of the conductors between controller and resistor shall be not
less than that given in the following table:

Ca"ﬂn% Capaeity of Wire in

Per Cent of Full Load
Hesistor Duty Classification Secondary Current
P T (T T 1 A———— SEELEE 356
Heavy starting duty.——.o-—--- -1 - = 45

Extra heavy starting duty - -~ e
Light intermittent duty._ .-~ e 65

Medium intermittent duty 3 5
Heavy intermittent duty .. = 85
Continuous duty_ .o~ BRUC e = 110

Order 13-4314. Conﬁuctors Supplying Several Motors.

Conductors supplying two or more motors ghall have a current car-
rying eapacity of not less than 125 per cent of the full load current
rating of the highest rated motor in the group plus the sum of the
full load current ratings of the remainder of the motors in the group.

SQee example No. 8, Chapter 10, and Diagram No. 20, Chapter 10.

Order 13-4315. Combination Load.

Conductors supplying a motor load, and in addition a lighting or
appliance load as computed from Qection 13-220 and other applicable
orders, shall have a current carrying capacity sufficient for the lighting
or appliance load plus the required capacity for the motor load deter-
mined in accordance with Order 13-4314, or, for a single motor, in
accordance with Order 13-4312.

Order 13-4316. Demand Factor.

Where a reduced heating of the conduetors results from motors
operating on a duty cyele, intermittently, or from all motors not
operating at one time, the authority enforcing this code may grant
permission for feeder conductors to be of a capacity less than specified
in the Orders 13-4314 and 13-4315, provided the conductor is of suffi-
cient earrying capacity for the maximum load determined by the sizes
and number of motors supplied and the character of their loads and
duties.

MOTOR OVERCURRENT PROTECTION

Ovder 13-4321. General,

The following provisions specify overcurrent devices intended to pro-
toct the motors, the motor control apparatus, and the branch circuit
ronductors against excessive heating due to motor overloads.
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Order 13-4322. Continuous Duty Motors. . .

Each continuous duty motor shall be protected against running over-

s follows:

curz.e I;li'oafi I;Ph{m One Horsepower. For a motor rated more than one
horsepower, this protection shall be secured by the use of one of the

i eans: ) .
f0110\1'\tnf :t:parate overcurrent device which is responsive to rzwto:’
current. This device shall be rated or set at not more than 125 per
cent of the motor full-load current rating for motors markc:d to‘ havi
a temperature rise not over 40C, and at not more tha'm 115 per .cep
for all other types of motors. This value may be modified ag permit-

rder 13-4324., ‘

- bEY i ;Jlrotective device integral with the motor which is responsive
to motor current or to both motor current and temp(.ara.ture. This de-
vice must be approved for use with the motor which it protects on tl-}e
basis that it will interrupt current to the motor wht?n the motor is
operated in an ambient temperature of 40C and W1t1.1 overcurrer.lt
of the percentage values given in paragraph 1 of this order. Thls.
value may be modified as permitted by Order 13-4324. If th{? motor
current interrupting device is sepavate from the motor and 1_ts con-
trol circuit is operated by a protective device integral w1t}} th‘e
motor, it must be so arranged that the opening of the control cireuit
will result in interruption of current to the motor.

B. One Horsepower or Less, Manually Started. Any ?notc?r of- one
horsepower or less which is manually started a.nd which is w1th12
sight from the starter location, shall be c‘onmdered as protecte
against overcurrent by the overcurrent dm‘.rme_protectmg the con-
ductors of the branch cireuit. This branch circuit overcurrent device
shall not be larger than that specified in Table 20, Chapter 10, except
that any such motor may be used at 125 volts or .1ess.. on a bl‘atnch
cireuit protected at 20 amperes. Any such motor wh_lch is out of sight
from the starter location shall be protected as specified in paragraph
C for automatically started motors.

A distance of more than 50 feet is considered equivalent to being
out of sight.

C. One Horsepower or Less, Automatically Started. Any motor of
one horsepower or less which is started automatically sh‘ail be pro-
tected against overcurrent by the use of one of the_follo}mng means:

1. A separate overcurrent device which is responsive to motor
current. This device shall be rated or set at not more than 125 per
cent of the motor full-load current rating for motors marked to have
a temperature rise not over 40C, and at not more than '115 per cent
for all other types of motors. This value may he modified as per-
mitted by Order 13—-4324. e .

2. A protective device integral with the motor which is responsive
to motor current or to both motor current and tempf:l‘ature. This de-
vice must be approved for use with the motor which it protects on the
basis that it will prevent dangerous overheating of the moi_:or due'bo
overload or failure to start. If the motor current interrupting device
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is separate from the motor and its control circuit is operated by a
proteetive device integral with the motor, it must be so arranged that
the opening of the control eircuit will result in interruption of cur-
rent to the motor.

3. If part of an approved assembly whieh does not normally sub-
ject the motor to overloads and which is also equipped with other
safely controls (such as the safety combustion controls of a domestic
oil burner) which protect the motor against damage due to stalled
rotor current. Where such protective equipment is used it shall be
indicated on the name-plate of the assembly where it will be visible
after installation.

4, If the impedance of the motor windings is sufficient to prevent
overheating due to failure to start, the motor may be protected as
specified in paragraph B for manually started motors.

Many alternating-current motors of less than 1/20 horsepower, such
as clock motors, series motors, ete, and also some larger motors such
as torque motors, come within this classification. It does not inelude
split-phase motors having automatic switches to disconnect the starting
windings.

D. Wound-Eotor Secondaries. The secondary ecircuits of wound-
rotor alternating-current motors, including conductors, controllers,
resistors, ete., shall be considered as protected against overcurrent
by the motor-running over-current device.

Order 13-4323. Intermittent and Similar Duty.

A motor used for a condition of service which is inherently short
time, intermittent, periodic, or varying duty (as illustrated by the table
in Order 18-3412) is considered as protected against overcurrent by
the branch circuit overcurrent device, provided the overcurrent protec-
tion does not exceed that specified in Tables 26 and 27, Chapter 10.

Any motor is considered to be for continuous duty unless the nature of

the apparatus which it drives is such that the motor cannot operate
continuously with load under any condition of use.

Order 13-4324. Selection of Size of Protective Device.

Where the values specified for motor-running overcurrent protection
do not correspond to the standard sizes or ratings of fuses, non-
adjustable circuit-breakers, thermal eutouts, thermal relays, the heat-
ing elements of thermal trip motor switches, or possible settings of
adjustable cirenit-breakers adequate to carry the load, the next higher
size, rating or setting may be used, but not higher than 140 per cent
of the full-load current rating of motors marked to have a tempera-
ture rise not over 40C and not higher than 130 per cent of the full-
load current rating for all other motors. If not shunted during the
starting period of the motor (see Order 13-4326), the protective de-
vice shall have sufficient time delay to permit the motor to start and

accelerate its load.
Order 13-4325. Shunting During Starting Period,

If the motor is manually started (including starting with a mag-
netic starter having push-button contrel), the running overcurrent
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protection may be shunted or cut out of circ.uit during the startn".g
period of the motor, provided the device by which the over.current.p'i 0-
tection is shunted or cut out cannot be left in the s‘_cartmg position,
and the motor shall be considered as protected agam_st o_vercurpent
during the starting period if fuses or time-delay circuit-breakers
rated or set at not over 400 per cent of the full-load _current_ of the
motor, are so located in the ecireuit as to bf" operative during the
starting period of the motor. The motor-running ove?rcurreqt p?otec-
tion shall not be shunted or cut out during the starting period if the
motor is automatically started.

Order 13-4326, Fuses—In Which Conductor. .

If fuses are used for motor-running protection, a fuse shall be in-
serted in each ungrounded conductor, except that a fuse shall also be
inserted in a grounded conductor under the cir.cumstanc.es set forth
in the note following Order 13-4327 for circuits supplied by wye-
delta or delta-wye connected transformers.

Order 13—-4327. Devices Other Than Fuses—In Which Conductor. ‘

If devices other than fuses are used for motor runnng protection,
the following table shall govern the minimum allowable number and
location of overcurrent units such as trip coils, relays, or thermal
cutouts.

Number and location of over-
current units, such azs trip eoils,

Kind of Motor Supply System relays or thermal eut-outs
1-phase A.C. 2-wire, 1 phase A.C. or D.C. 1 in either conductor
1-:12925;% C. 2—;?1-%1:01“;%::9 A.C. or D.C., 1 in ungrounded conductor
1 O}l;.an AC 3 \3"111-2 cf?;?h?:: il.zgu;-df)%ﬂ,, 1 in either ungrounded conductor
-phase -wire, el
e D i oy l-{;‘C unded 2, one in each phase
%:Bll;::: ig g::i;:: g:gl}:x i:(é::dg:gm 2 in ungrounded conductors
" unde .
2-phase A.C 4-&??:%;%&;0&0. grounded or 2, an?i u}'ﬁl"] 3 ghase in ungrounded
= el con L ¥t
2-phase A.C 5-“:1’2%?()2-“;1%:%9 A.C., grounded 2, 0?19 per phasein any ungrounded
= unded phage wire
4-phase A.C 8~£19$tr§}:ﬂa‘;:ir?0., ungrounded *2 in any 2 cnnduetorg :
3_ph::: AC. 3-wire, 8-phase A.C., one #2 in ungrounded conductors
® ’ conductor grounde e e
3-phase A.C. 3-wire, 8-phase A.C grounded- in any 2 co
3-phase A.C 4-3)‘?11:19“51»-]:)1‘!!8& A.C. grounded- #9 in any 2 conduetors, excepl the
-'P e ]

#Note. In the case of distribution

neutral or ungrounded

neutral

systems supplying wye-delta or delta-wye connected

transformers (having the wye neutral point in the primary ungrounded or not connected to the

eirenit) the authority enforeing this code may require

provided for the protection of threc-phase 38-wire motors,

that three running overcurrent units be
if field experience in the territory of

e ! sl e ]
ity indi ird unit is desirable because of motor winding failures at
f)?%?i‘:::ro;l:%rngig‘szgti};ﬁaga?%nless the motors are otherwise adequately protected.

Order 13-4328, Number of Conductors Disconnected by Overcurrent

Device.

Motor-running protective devices, other than fuses or thermal cut-
outs, shall simultaneously disconnect a sufficient number of un-
]

grounded conduetors to i

1t is recommended that 4
capahle of accomplishing this ave availahle.

nterrupt currvent flow to the motor,
all ungrounded conductors be opened if devices

D = - e e et
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Order 13-4329, Motor Controller as Running Protection.

A motor controller may also serve as the running overcurrent device
if the number of overcurrent units complies with the foregoing Order
13-4327; and if these overcurrent units are operative in both the start-
ing and running position in the case of a D. C, motor, and in the run-
ning position in the case of an A. C. motor.

Order 13-4330. Thermal Cutouts and Relays.

Thermal cutouts, thermal relays, and other devices for motor run-
ning protection which are not capable of opening short eircuits, shall
be protected by fuses or circuit-breakers with ratings or settings of
not over 4 times the rating of the motor for which they are designed,
unless approved for group installation, and marked to indicate the
maximum size of fuse by which they must be protected.

Order 13-4331. Rating of Protective Device.

Motor running overcurrent devices other than fuses shall have a

rating of at least 115 per cent of the full load current rating of the
motor.

Order 13-4332, With Lamps or Receptacles.

Overcurrent protection for motors used on branch circuits which
also supply lamps or receptacles, as permitted in Section 13-210, shall
be provided as follows:

A. One or more motors without individual overcurrent protection
may be connected to the branch circuits described in Section 13-210
only when the limiting conditions specified for each of two or more
motors in paragraph A of Order 13-4343 are complied with.

B. Motors of larger ratings than specified in paragraph A of
Order 13-4343 may be connected to the branch circuits described in
Section 18-210 only if provided with individual running overcurrent
protection selected to protect the motor as specified in Order 13-4322.
Both the controller and the motor-running overcurrent device shall be
approved for group installation with the protective device of the
branch circuit to which the motor is connected.

C. If a motor is connected to a branch circuit by means of a plug
and receptacle, and individual overcurrent protection is omitted as
provided in paragraph A, the rating of the plug and receptacle shall
not exceed 15 amperes at 125 volts or 10 amperes at 250 volts. If in-
dividual overcurrent protection is required as provided in paragraph B
for a motor or motor-operated appliance provided with an attachment
plug for attaching to the branch circuit through a receptacle, the run-
ning overcurrent device shall be an integral part of the motor or of
the appliance. The rating of the plug and receptacle shall be assumed
to determine the rating of the circuit to which the motor may be con-
nected, as provided in Section 13-210.

D. The overcurrent device protecting a branch cireuit to which a
motor or motor-operated appliance is connected shall have sufficient,
time delay to permit the motor to start and accelerate its load.
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Order 13-4333. Automatic Restarting.

A motor-running protective device which can restart a motor auto-
matically after overcurrent tripping shall not be installed unless
approved for use with the motor which it protects. A motor which can
restart automatically after shutdown shall not be installed so that its
automatic restarting can result in injury to persons.

MOTOR-BRANCH-CIRCUIT OVERCURRENT PROTECTION

Order 13-4341, General.

The following provisions specify overcurrent devices intended to
protect the motor branch cireuit conductors, the motor control appa~
ratug, and the motors againsi overcurrent due to short cireuits or
grounds. They are in addiiion to or amendatory of the provisions of
Section 13-240.

Order 13-4242. Rating or Setting for Individual Motor.

The motor branck circuit overcurrent device shall be capable of
carrying the starting eurrent of the motor. Overeurrent protection
ghall be considered as being obtained when this overcurrent device has
4 rating or setting not execeeding the vaiues given in Tables 26 or 27,
Chapter 10; provided that where the overcurrent protection specified in
the table is not sufficient for the starting current of the motor, it may
be increased, but shall in no case exceed 400 per cent of the motor
full load current.

Fuse ratings calculated on this basis are given in columns 7, 8, 9 and

10 of Table 20, Chapter 10.
See Example No. 8, Chapier 10, and Diagram No, 20, Chapter 10,

Order 13-4343. Several Motors on One Branch Cireuit.
Two or more mators may be connected to the same branch cireuit
under the following conditions:

A. Two or more motors each not exceeding 1 hersepower in raf-
ing and each having a full-load vated current not exceeding 6 am-
peres, may be used on a branch cireuit protected at net more than 20
amperes at 125 volts or less, or 15 amperes at 600 volts or less. Indi-
vidual running overcurrent proieciion is unnecessary for such motors
unless vequired by the provisions of Order 13-4322.

B. Two or more motors of any ratings, each having individual
vunning overcurrent protection, may be conmecied to ene branch cir-
cuit provided all of the following conditions are complied with:

1. Wach motor-running overcurrent deviece must be approved
for group installation. :

2. Each motor controller must be approved for group installa-
tion.

3. The branch circuit must be protected by fuses having a rat-
ing equal to that specified in Order 13-4342 for the largest motor con-
nected to the branch cireuit plus an amount equal fo the sum of the
Full load current ratings of all other motors connected to the circuit.
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4. The branch circuit fuses must not be larger than allowed by
Order 13-4330 for the thermal cutout or relay protecting the smalles‘;
motor of the group.

5. 'Ijhe conductors of any tap supplying a single motor need
n(?t ha‘ve individual branch circuit protection, provided they comply
with either of the following: (1) no conductor to the motor shall have
a current carrying eapacity less than that of the branch circuit con-
ducto'rs, or (2) no econduector to the motor shall have a current-
carrying capacity less than one-third that of the branch circuit con-
ductors, with a minhimum in accordance with Order 13-4312; the
conductors to the motor running protective device being not ,more
than 25 feet long and being protected from mechanieal injury.

Order 13-4344. Combined Overcurrent Protection.

Motor branch ci_rcuit overcurrent protection and motor running
f)vercu;‘rept protectl?n may be combined in a single overcurrent device
if the r.atmg or setting of the device provides the running overcurrent
protection specified in Order 13-4322,

Order 13-4345, Overcurrent Devices—In Which Conduetor.

130;4e()1;:urrent devices shall comply with the provisions of Order

Order 13-4346. Capacity of Fuseholder.

If fuses are used for motor-branch-circuit overcurrent pr i
the fugeholders shall not be of a smaller size than re:;fil]::dptloo taecc(f:){l)i:—,
modate the fuses specified by Table 20; except that when appropriate
fuses for the starting characteristics of the motor are used, fusehold-
ers of smaller size than specified in Table 20 may be used.’

Order 13-4347. Rating of Circuit-Brealer.
Circuit-breakers for motor braneh circuit protection shall have a

continuous current rating of not less than 115
( i ] er cent 2
current ratings of the motors, ? ntof the fuu ond

Order 13-4348. Feeder Taps in Inaccessible Location,

If the location of a tap to the feeder conductors is not accessible, the
motor br;vmch circuit overcurrent device may be placed where itjwill
be accessible, provided the conduetors between the tap and the over
current.device have the same current carrying capacity as the feeder—'
or provided they have a current carrying eapacity of at least % th "
of the feeder and are mot more than 25 feet long (where feede;s aab
at a greater elevation, this distance may be increased to 50 feet) 1‘3
are protected from mechanical injury, o

Order 13-4349. Seleetion or Setting of Protective Device.

If the values for branch circuit protective devices given in Table 26
or Table 27 do not correspond to the standard sizes or ratings of
fuse.s, non-adjustable circuit-breakers, or thermal devices, or . 'bcl)
settings of adjustable circuit-breakers adequate to carr ‘;h IPOSSﬂ .
next higher size, rating or setting may be used. ¥ the load, the
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MOTOR FEEDER OVERCURRENT PROTECTION

Order 13-4361. General.

The following provisions specify overcurrent devices intended to pro-
tect feeder conductors supplying motors against overcurrents due to
short circuits or grounds.

Order 13-4362. Rating or Setting—Motor Load.

A feeder which supplies motors shall be provided with overcurrent
protection which shall not be greater than the largest rating or set-
ting of the branch circuit protective device, for any motor of the group
(based on Tables 26 and 27, Chapter 10), plus the sum of the full load
currents of the other motors of the group.

If two or more motors of equal horsepower rating are the largest in
the group, one of these motors should be considered as the largest for
the above calculations. .

If two or more motors of a group must be astarted simultaneously, i
may be necessary to install larger feeder conductors and correspond-
ingly larger ratings or setlings of feeder overcurrent protection.

See Example No. 8, Chapter 10, and Diagram No, 20, Chapter 10,

Order 13-4363. Rating or Setting—Power and Light Loads.

If a feeder supplies a motor load, and in addition a ligh‘ting or a
lighting and appliance load, the feeder overcurrent protec‘?we device
may have a rating or setting sufficient to carry the ligh.tmg or_the
lighting and appliance load as determined in accordance with sectlons
13-210 and 13-220, plus, for a single motor, the rating permitted by
Order 18-4342; and, for two or more motors, the rating permitted by
Order 13-4362.

REMOTE CONTROL CIRCUITS

Order 13-4371. General.

The following deviations from the general requirements in this code
are intended to provide for the peculiar conditions governing remote
control eircuits.

Order 13-4372. Overcurrent Protection.

Conductors of control cireuits of remote controlled equipment shall
be protected against overcurrent in accordance with Order 13~24_03,
paragraph G, except that such conductors shall be considere.d as being
properly protected by the branch circuit overcurrent devices under
any one of the following conditions:

A. If the rating or setting of the branch circuit overcurrent device
is not more than 500 per cent of the earrying capacity of the control
circuit conductors.

B. If the controlled device and the point of control (start and
stop buttons, pressure switch, thermostatic switch, ete.) are both
located on the same machine and the control circuit does not extend
beyond the machine.

C. If the opening of the control eircuit would create a hazard; as
for example, the control circuit of fire pump motors, and the like,

L.

ELECTRICAL CODE—ORDER 13-4383 151

Order 13-4373. Mechanical Protection of Conductor.

Where damage to a remote control cirenit would constitute a hazard,
all conductors of such remote control circuit shall be installed in con-
duit or be otherwise suitably protected from mechanical injury outside
the control device itself.

1t is recommended that contrel cireuits be so arranged that an acci-
dental ground will not start the motor,

Order 13-4374. Switching.

Control cireuits shall be so arranged that they will be disconnected
from all sources of supply when the disconnecting means specified in
Order 13-4406 is in the open position. The disconnecting means may
consist of two separate devices, one of which disconnects the motor
and the controller from the source of power supply, and the other, the
control circuit from its power supply. If two separate devices are
used they should be located immediately adjacent one to the other. If
a transformer or other device is used to obtain a reduced voltage for
control ecireuits, such transformer or other device shall be connected
to the load side of the disconnecting means.

MOTOR CONTROLLERS

For the purpose of this section, the term “econtroller'" includes any
switch or device normally used to start and stop the motor.

Order 13-4381. General.

. The following provisions are intended to require suitable controllers
for all motors.

See Diagram No, 20, Chapter 10,
Order 13-4382, Suitability.

Each controller shall be capable of starting and stopping the motor
which it controls, and for an alternating current motor shall be capable
of interrupting the stalled rotor current of the motor.

Order 13-4383. Rating.

The controller shall have a horsepower rating, which shall not be
lower than the horsepower rating of the motor, except as follows:

A. Stationary Motor of 3% Horsepower or Less. For a stationary
motor rated at % horsepower or less, that is normally left running and
is so constructed that it cannot be damaged by overload or failure to
start, such as clock motors and the like, the branch civcuit overcurrent
device may serve as the controller,

B. Stationary Motor of 2 Horsepower o1 Less. For a stationary
motor rated at 2 horsepower or less, and 300 volts or less, the con-
troller may be a general use switch having an ampere rating at least
twice the full load current rating of the moter.

C. Portable Motor of % Horsepower or Less. For a portable motor
rated at ¥ horsepower or less, the controller may be an attachment

plug and receptacle,
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D. Circuit-Breaker as Controller, A branch circuit, cireuit-breaker,
rated in amperes only, may be used as a controller. When this circuit-
hreaker is also used for overcurrent protection, it shall ecnform to the
appropriate provisions of this section governing overcurrent protection.

Order 13-4384. Need Not Open All Conductors.
Fxcept when it serves also as a disconnecting means (see Ovder
13-4407), the controller need not open all conductors to the motor.

Order 18-4385. In Grounded Conductors.

One pole of the controller may be placed in a permanently grounded
conductor provided the controller is so designed that the pole in the
grounded conductor cannot be opened without simultaneously opening
all conductors of the circuit.

Order 13-4386, In Sight from the Controller Location.

A motor and itz driven machinery shall be within sight from the
controller location unless one of the following conditions is complied
with:

A, The controller ot its disconnecting means is capable of being
locked in the open position.

B. A manually-operable switch, which will prevent the starting
of the motor, is placed within sight from the motor location. This
switeh may be placed in the remote-control cirenit of a remote-control
type of switch.

A distance of more than ED'feet is considered eguivalent to being
out of sight.

C. Special permission is given by the authority enforcing this

code.
D. As otherwise specified in Section 13-500 of this code.

Order 13-4387. Number of Motors Served by Each Controller.

Tach motor shall be provided with an individual controller, except
that for motors of 600 volis or less a single contreller may serve a
group of motors under any one of the following conditions:

A. If a number of motors drive several parts of a single machine
or piece of apparatus such as metal and wood-working machines,
eranes, hoists, and similar apparatus.

B. If a group of moters is under the protection of one overcurrent
device as permitted in paragraph A of Order 13-4343. )

C. If a group of motors ig located in & single room within sight
from the coniroller location.

A distance of tnore than 50 feet iz considered equivalent to being
aut of sight,

Order 13-4388. Adjustable Speed Motors.

Adjustable speed motors, if controlled by means of field regulation,
shall be so equipped and connected that they cannot be started under
weakened field, unless the motor iz designed for such starting. '
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Order 13-438Y%, Speed Limitation.

) Machines of the following types shall be provided with speed limit-
ing devices, unless the inherent characteristics of the machines, the
gsystem, or the load and the mechanical connection thereto, are such as
to safely limit the speed, or unless the machine is always under the
manual control of a qualified operator.

A, Beparately execited direct eurrent motors.

B. Seriez Motors. )

C. Motor generators and converters which can be driven at exces-
sive speed from the direct current end, as by a reversal of current or
decreage in load. :

Order 13-4390, Fuseholder Ratiﬁg.

The rating of a combination fuscholder and switch used as a motor
controller shall be such that the fuseholder will accommodate the size
of fuse specified in Table 20, Chapter 10 for motor running protection,

DISCONNECTING MEANS

Order 13-4401. General,

The following provisions specify disconnecting means for motors
and controllers capable of disconnecting them from the ecircuit.

See Diagram No, 2§, Chapter 10.

Order 13-4402. Type.

The diseconnecting means shall be a motor-eircuit switch, rated in
horsepower, or a circuit-breaker, except as permitted in the follow-
ing paragraphs A, B, C, D, or E. Every switch in the motor branch
circuit within sight from the controller location shall comply with
these requirements,

A distance of more than b0 feet is considered equivalent to heing
out of sight,

A, One-Eighth Horsepower or Less. For stationary motors of %
horsepower or lesg, the branch-circuit overcurrent device may serve
as thé disconnecting means.

B. Two Horsepower or Less. For stationary motors rated at 2
horsepower or less and 300 volts or less, the disconnecting means may
ke a general-use switch having an ampere rating at least twice the
full-load current rating of the motor,

C. Over Two Horsepower to und Including 50 Horsepower. The
separate disconnecting means required for a motor with a eompen-
sator type of controller may be a general-use switch if all of the
following provisions are complied with:

1. The motor drives a generator which is provided with over-
current protection.

2. The compenzator (1) is capable of interrupting the stalled-
rotor eurrent of the motor, (2) is provided with a no-voltage release
and (3) is provided with running-overcuirent protection not exceed—,
ing 125 per cent of the motor full-load eurrent rating.

1
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3. Separate fuses or a circuit-breaker, rated or set at not more
than 150 per eent of the motor full-load current, arve provided in the
motor branch cireuit.

D. Exceeding 50 Horsepower. For stationary motors rated at.mm:e
than 50 horsepower, the disconnecting means may be a motor—clrc‘ult
switch also rated in amperes, a general-use switch, or an isolating
switch. '

It is recommended that isolating switches for motors exceeding 50
horsepower, not capable of Interrupting stalled-rotor currents, be
plainly marked “Do not open under load".

E. Portable Motors. For portable motors an attachment plug and
receptacle may serve as the disconnecting means.

Order 13-4403. Carrying Capacity.
The disconnecting means shall have a carrying capacity of at least
115 per cent of the name plate current rating of the motor.

Order 13-4404. Grounded Conductors.

One pole of the disconnecting means may be placed in @ permanently
grounded conductor if the disconnecting means is so deSIgned: that the
jwle in the grounded conductor cannot be opened without simultane-
ously disconnecting all conductors of the circuit.

Order 13-4405, To Be Indicating.
The disconnecting means shall plainly indicate whether it is in the
open or closed position.

Order 13-4406. To Disconnect Both Motor and Controller.

The disconnecting means' shall disconnect both the motor and jche
controller from all ungrounded supply conductors. The disconnecting
means may be in the same enclosure with the controller.

Order 13-4407. Switeh or Circuit-Breaker as Both Controller and Dis-
connecting Means.

A switch or circuit-breaker complying with the provisions of O}'dfzr
18-4383 may serve as both controller and disconnecting means if it
opens all ungrounded conductors to the motor, is protected b){ an over-
current device (which may be the branch ecircuit fuses) which opens
all ungrounded conductors to the switch or circuit-breaker, and is one
of the following types: .

A. An air-break switch, operable directly by applying the hand
to a lever or handle.

B. A circuit-breaker operable dirveetly by applying the hand to a
lever or handle.

C. An oil switch used on a circuit whose rating does not excee.d
600 volts or 100 amperes, or on a circuit exceeding this capacity if
under expert supervision and by special permission.

The oil switch or circuit-brealker specified above may be both power
and manually operable. If power operahle, provision should be made to
lock it in the open position.

BLECTRICAL CODE—ORDER 13-4422 1556

The overcurrent device protecting the controller may be part of the
controller assembly or may be separate.

A compensator type of controller is not included above and will
require a separate disconnecting means.

Order 13-4408. Service Switch as Disconnecting Means.

If an installation consists of a single motor, the service switch may
serve as the disconnecting means, provided it conforms to the require-
ments of this section, and is within sight of the controller.

A distance of more than 50 feet is considered equivalent to being
out of sight,

Order 13-4409. In Sight of Controller,

The disconnecting means shall be located in sight from the con-
troller or be arranged to be locked in the open position,

A distance of more than 50 feet is considered equivalent to being
out of sight.

Order 13-4410. Motors Served by a Single Disconnecting Means,

Each motor shall be provided with individual disconnecting means,
except that for motors of 600 volts or less a single disconnecting means
may serve a group of motors under any one of the following condi-
tions. The disconnecting means serving a group of motors shall have
a rating not less than is required by Order 13-4402 for a single motor
whose rating equals the sum of the horsepowers or currents of all the
motors of the group.

A. If a number of motors drive several parts of a single machine
or piece of apparatus such as metal and woodworking machines,
cranes, and hoists,

B. If a group of motors is under the protection of one set of over-
current devices as permitted by paragraph A of Order 13-4343,

C. If a group of motors is in a single room within sight from the
location of the disconnecting means,

A distance of more than 60 feet is considered equivalent to being
out of sight.

Order 13-4411. Readily Acecessible,
The disconnecting means shall be readily accessible,

REQUIREMENTS FOR OVER 600 VOLTS
Order 13-4421. General,

The following provisions recognize the additional hazard due to the
use of high voltage. They are in addition to or amendatory of the other
provisions of this section. Other requirements for cireuits and equip-
ment operating at more than 600 volts are in Section 13-710.

Order 13-4422. More Than 7500 Volts.

Motors operating at more than 7500 volts between conductors shall
be installed in fire resistive motor rooms.
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_Oyder 13-4423. Motor Overcurrent Protection.

Running overcurrent protection for a motor of over 600 volts shall
consist either of a circuit-breaker, ox of overcurrent units integral with
the controller which shall simultanecusly open all ungrounded con-
ductors to the motor. The overcurrent device shall have a setling as
specified elsewhere in this gection for motor running protection.

Order 13-4424. Circuit Overcurrent Protection.
Each motor branch eircuit and feeder of more than 600 volt
be protected against overcmirent by one of the following means:

A. A circuit-breaker of suitable rating so arranged that it ean
be serviced without hazard.

B. Tuses of the oil-filled o1 other suitable type. Fuses shall be
used with suitable disconnecting mesans of they shall be of a type
which can also setve as the disconnecting means, They shall be sc
arranged that they cannot be re-fuzed or replaced while they arve
energized. The ratings of fuses shall be Timited to the values permit-

ted by Order 13-7143.

Order 13-4425, Disconnecting Means.

The circuit-breaker or the fuses specified in Order 18-4424 may con-
stitute the disconnecting means if they conform to the other appli-
cable requirements of this section.

s shall

PROTECTION OF LIVE PARTS -ALL VOLTAGES

Order 13-4431, General.
The following provisions specify that live parts shall be protected
in a manner judged adequate to the hazard involved.

Order 13-4432. Where Required.

Exposed live parts of motois and controllers operating at 50 volts or
more between terminals, except for stationary motors having com-
mutators, collectors and brush rigging located inside of moter end
brackets and not conductively connected to supply circuits operating at
more than 150 volts to ground, shall be guarded against accidental
contact by enclosure, or by locafion as follows:

A. By installation in a room or enclosure which is accessible only
to qualified persons;

B. By installation on a suitable balcony, gallery or platform, so
elavated and arranged as to exclude ungualified persons;

C. By elevation 8 feet or more above the floor;

7. 9o that it will be protected by a guard rail when the motor

operates at 600 voltsg or less.

Order 13-4433. Guards for Attendants.

1If the live parts of motorg or controllers operating at more than 150
volts to ground are guarded against aceidental contact only by location
as specified in Order 13-4432, and if adjustment or other attendance
may be necessary during the operation of the apparatus, suitable insu-
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lating mats or platforms shall be provided so that the attendant can-
not readily touch live parts unless standing on the mats or platforms.
‘Where necessary, steps and handrails should be installed on or about
large machines to afford safe access to parts which must be examined
or adjusted during operation.

GROUNDING

Order 13-4435. General.

The following provisions specify the grounding of motor and econ-
trol.ler frames fo prevent a potential above ground in the event of
acmd.enta.l contact between live parts and frames. Insulation, isolation
gFt.guardmg are suitable zlternatives for motors under certain con-’

itions,

Ovder 13-4436. Stationary Motors.

The.frames of stationary motors shall be grounded if any of the
following conditions exist:
A. If supplied by means of metal elad wiring.
B. If ‘located in a wet place and not isolated or guarded.
C. If in a hazardous location. (See Section 13-500).
D, If the motor operates with any terminal at more than 150 volts
to ground.
(irou.nding of the moetor frame is preferable, but if the frame of the
motot is not grounded, it shall be permanently and effecti ingu-
lated from the ground.’ v and effectively fuse

Order 13-4437. Portable Motors,

The frames of portable motors whieh operate at more than 150 volts
to ground shall be. guarded or grounded. See paragrapk C of Order
13-2545 on grounding of portable appliances in other than residential
occupancies,

It is recommended that the frames of motors which operate at less

thn 160 Xtolts to ground be grounded if this cah be readily accomplished
ee paragraph B of Order 13-2559 for color of grounding conductor'

Order 13-4438. Controllers.

C'()ntroller cases, except those. attached to ungrounded portable
equipment and except the lined covers of snap switches, shall be
grounded regardless of voltage.

Order 13-4438%, Method of Grounding.

Segéginféligsgihere required shall be dene in the manner specified in

A, Gf.':ou.nding Through Terminal Housings. If the wiring to fixed
motors is in armored cable or metal raceways, junction boxes to house
n}otor terminals shall he provided. These housings shall be of ample
size to properly make connections, they shall be of substantial me%:’al
construetion, and the armor of the cable or the metal raceways shall
be eonnected to them in the manner specified in Section 13-250,
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B. Separation of Junction Box from Motor. The junction hox re-
quired by paragraph A may be separated from the motor not more
than 6 feet provided the leads to the motor are armored cable or
armored cord or are stranded leads enclosed in flexible or rigid conduit
or electrical metallic tubing not smaller than 3% inch electrical trade
size, the armor or raceway being connected both to the motor and to
the box. If stranded leads are used, protected as specified above, they
shall not be larger than No. 10, and shall comply with other require-
ments of the code for conductors to be used in raceways.

SECTION 13-445. GENERATORS

Order 13-4451. Location,

Generators shall be located in dry places and also so as to meet the
requirements for motors in Order 13-4310. Generators installed in haz-
ardous locations as described in Section 13-500, or in other locations
as described in Sections 18-510, 13-520, and 13-530, shall also comply
with the provisions of those sections,

It is recommended that waterproof covers'be provided for use in
eniergency.

Order 13-4452, Identification.

Each generator shall be provided with a name plate giving the
maker's name, the rating in kilowatts or kilovolt amperes, the normal
volts and amperes corresponding to the rating, and the revolutions per
minute.

Order 13-4453. Drip Pans.
Generators shall be provided with suitable drip pans if required by
the authority enforcing this code.

Order 13-4454. Overcurrent Protection.

Constant potential generators, except alternating current generators
and their exciters, shall be protected from excessive current by circuit-
breakers or fuses.

A. Two-Wire Generators. Two-wire, divect current generators may
have overcurrent protection in one conductor only if the over-current
device is actuated by the entire current generated, except that in the
shunt field. The overcurrent device shall not open the shunt field.

B. 65 Volts or Less. Generators operating at 65 volts or less and
driven by individual motors shall be considered as protected by the
overcurrent device protecting the motor if these devices will operate
when the generators are delivering not more than 150 per cent of their
full load rated current.

C. Balancer Sets. Two-wire, direct current generators used in con-
junction with balancer sets to obtain neutrals for 3-wire systems shall
be equipped with overcurrent devices which will disconnect the 3-wire
system in the case of excessive unbalancing of voltages or currents.
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D. 3-Wire, Direct Current Generators. Three-wire, direct eurrent
generators, whether compound or shunt wound, shall be equipped with
overcurrent devices, one in each armature lead, and so connected as to
he afctuated by the entire current from the armature. Such overcurrent
devices shall consist either of a double pole, double coil circuit-breaker
or of alé-pole circuit-breaker connected in the main and equalizer leadsI
and tripped by two overcurrent devices, one in each armature lead
Such protective devices shall be so interlocked that no one pole can be.

opened without simultaneously disconnecting b
th »
ture from the system. . g both leads of the arma

Order 13-4455, Size of Conductors,

The conductors from the generator terminals to supplied equipment
shall have a carrying capacity not less than 115 per cent of the name
plate current rating. Neutral conductors shall be the sarhe size ag the
conductors of the outside legs. d

Order 13-4456. Protection of Live Parts,

Live parts of gfanerators of more than 150 volts to ground shall not.
be exposed to accidental contact if accessible to unqualified persons.

Order 13-4457. Guards for Attendants.

Where necessary for the safet isi
y of attendants the e
der 13-4433 shall be complied with. i

Order 13-4458. Grounding,

If a generator operates at a terminal voltage in excess of 150 volts
{':? ground, the frame shall be grounded in the manner specified in See-
tion 1‘3—250: If the frame is not grounded, it shall be permanently and
effectively insulated from the ground,

SECTION 13-450. TRANSFORMERS AND TRANSFORMER
VAULTS (Including Secondary Ties)

-Order 13-4501. Application.

This section applies to the installation of all transformers except:
(1) current transformers; (2) dry-type transformers which constitute
a component part of other apparatus and which conform to the ve-
quirelr{ents for such apparatus; (3) transformers for use with X-ray
and high-frequency; (4) transformers used with Class 2 remote-
cont?o], low energy power and signal circuits which shall conform to
Sectmn 13-725 on eontrol civeuits; (5) transformers for sign and out-
line lighting which shall conform to Section 18-600; and (6) trans-

11';1_'1"&9;'3 for electric discharge lighting which shall conform to Section

Th.is section applies to the installation of transformers in hazardous
locations except as modified by Section 13-500.
See also Seection 12-710, Circuits and Eguipment Operating at More

than 600 Volts Between Conductor
e "8, and Service In .
Volts as referred to in Section 13-230. IS
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GENERAI PROVISIONS

Order 13-4511. Location.

They shall be located and arranged to minimize possible life an.d
fire hazards. The location of transformer vaults as affected by venti-
lating requirements is covered elsewhere in this section.

Order 13-4512. Overcurrent Protection.

Overcurrent protection shall conform to the following. As used in
this order, the word “transformer” means a transformer or a bank of
transformers operating as a unit.

A. Primary Side. Bach transformer shall be protected by an over-
current device in the primary connection, rated or set at not more
than 250 per cent of the rated primary current of the transformer,
except that an individual overcurrent device is not 1'equired'if t}}e
primary circuit overcurrent device provides the protection specified in
this paragraph, and except as provided in paragraph B of this Order.

B. Primary and Secondary Side. A transformer having an overcur-
rent device in the secondary connection, rated or set at not more than
250 per cent of the rated secondary current of the transformer, or a
transformer equipped with a coordinated thermal overload protection
by the manufacturer, ig not required to have an individual overcur-
rent device in the primary conmection provided the primary feeder
overcurrent device is rated or set to open at a current value not more
than six times the rated current of the transformer, for transformers
having not more than six per cent impedance, and not more than four
times rated current of the transformer for transformers having more
than six but not more than ten per cent impedance.

C. Potential (Voltage Tramsformers). Potential transformers should
have primary fuses. The fuse rating should not exceed 10 amperes for
cireuits of 600 volts or less, and 3 amperes for circuits of more than
600 volts. A resistor should be comnected in series with high tension
fuses if necessary to limit the possible short-circuit current to a value
within the interrupting capacity of the fuse.

Order 13-4513. Secondary Ties.

As used in this order the word “transformer” means a transformer
or a bank of transformers operating as a unit. A secondary tie is a
cirenit operating at 600 volts or less between phases which connects
two power sources or power supply points, such as the secondaries of
two transformers. The tie may consist of one or more conductors per
phase.

A. Tie Cirveuits. The civcuits shall be provided at each end with
overcurrent protection as required in Section 13-240 of this code, ex-
cept under the conditions described in sub-paragraphs 1 and 2 of this
order, in which cases, the overcurrent protection may be in accordance
with sub-paragraph 3 of this order.

1. Loads at Transformer Supply Points Only. If all loads are con-
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overcurrent protection is not provided in accordance with Section
18-240, the rated current-carrying capacity of the tie shall be notl
less than 67 per cent of the rated secondary current of the largest
transformer connected to the secondary tie system,

2. Loads Connected Between Transformer Supply Points. If load
is connected to the tie at any point between transformer supply points
and overcurrent protection is not provided in accordance with Section
13-240, the rated current-carrying capacity of the tie shall be not less
than 100 per cent of the rated secondary current of the largest trans-
former comnected to the secondary tie system except as otherwise
provided in sub-paragraph 4.

3. Tie Circuit Protection. Under the conditions described in sub-
paragraphs 1 and 2 of this order, both ends of each tie conductor shall
be equipped with a protective device which will open at a predeter-
mined temperature of the tie conductor under short circuit conditions,
This protection shall consist of the following: (1) a fusible link cable
connector, terminal or lug, commonly known as a limiter, each being
of a size corresponding with that of the conductor and of approved
construction and characteristics according te the operating voltage
and the type of insulation on the tie conductors, or (2) automatic
circuit-breakers actuated by devices having comparable current-time
characteristics.

4, Interconnection of Phase Conductors Between Transformer
Supply Points. If the tie consists of more than one conductor per
phase, the conductors of each phase shall be interconnected in order
to establish a load supply point, and the protection specified in sub-
paragraph 3 shall be provided in each tie conductor at this point,
except as follows:

Loads may be connected to the individual conductors of a multiple-
conductor tie without interconnecting the conductors of each phase
and without the protection specified in sub-paragraph 3 at load con-
nection points provided; the tie conductors of each phase have a com-
bined capacity not less than 133 per cent of the rated secondary current
of the largest transformer connected to the secondary tie system; the
total load of such taps does not exceed the rated secondary current of
the largest transformer; the loads are equally divided on each phase
and on the individual conductors of each phase as far as practicable.

5. Tie Circuit Control. If the operating voltage exceeds 150 volts
to ground, secondary ties provided with limiters shall have a switch at
each end which when open will de-energize the associated tie condue-
tors and limiters. The current rating of the switeh shall be not less
than the rated current of the conductors connected to the switch. It
shall be capable of opening its rated current, and it shall be con-
structed so that it will not open under the magnetic forces resulting

from short-circuit current.

B. Overcwrrent Protection for Secondary Connections. When seec-
ondary ties are used an overcurrent device rated or set at not more
than 250 per cent of the rated secondary current of the transformers

nected at the transformer supply points at each end of the tie and shall be provided in the secondary connections of each transformer,

=

-
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and in addition an automatic circuit-breaker actuated by a reverse-
current relay set to open the cireuit at not more than the rated sec-
ondary current of the transformer shall be provided in the secondary
connection of each transformer.

Order 13-4514. Parallel Operation,

Transformers may be operated in parallel and protected as a unit
if their electrical characteristics are such that they will divide the
load in proportion to their rating.

Order 13-4515. Guarding.
Transformers shall be guarded as follows:

A. Mechanical Protection. Appropriate provisions shall be made to
minimize the possibility of damage to transformers from external
causes if the transformers are located where they are exposed to
mechanical injury.

B. Exposed Live Parts. The transformer installation shall conform
with the provisions for “Guarding of Live Parts” in Order 13-1113.

C. Voltage Warning. The operating voltage of exposed live parts of
transformer installations shall be indicated by signs or visible mark-
ings on the equipment or structures.

Order 13-4516. Grounding.

Exposed non-current carrying metal parts of transformer installa-
tions including fences shall be grounded under the conditions and in
the mannmer prescribed for electrical equipment and other exposed
metal parts in Section 13-250.

Order 13-4517. Name-plate,

Each transformer shall be provided with a name-plate giving the
name of the manufacturer; rated kilovolt-amperes, frequency, primary
and secondary voltage; and the amount and kind of insulating liquid,
if any, if the transformer rating exceeds 25 kva. If Class B insulation
as defined in American Standard for Transformers C 57.1 is used in
the construction of dry-type transformers of more than 100 kva, the
name-plate shall so indicate. ’

SPECIFIC PROVISIONS APPLICABLE TO DIFFERENT
TYPES OF TRANSFORMERS

Order 13-4521, Dry-type Transformers Installed Indoors.

Transformers rated 100 kva or less shall have a separation of at
least 12 inches from combustible material unless separated therefrom
by a fire-resistant heat-insulating barrier, or unless of a rating not
exceeding 600 volts and completely enclosed except for ventilating
openings.

Transformers of more than 100 kva rating shall be installed in a
transformer room of fire-resistant construction unless they are con-
structed with Class B insulation, as defined in American Standard for

|
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Transformers C 57.1, and are separated from combustible material
not less than 6 feet horizontally and 12 feet vertically or are sepa-
rated therefrom by a fire-rvesistant heat-insulating barrier.

Transformers rated more than 15,000 volts shall be installed in a
vault.

Order 13-4522. Askarel-insulated Transformers Installed Indoors.

Askarel-insulated transformers rated in excess of 25 kva shall be
furnished with a pressure-relief vent. If installed in a poorly venti-
lated place they shall be furnished with a means for absorbing any
gases generated by arcing inside the case, or the pressure relief vent
shall be connected to a chimney or flue which will carry such gases
outside the building. Askarel-insulated transformers rated more than
15,000 volts shall be installed in a vault.

Order 13-4523. Oil-inaulated Transformers Installed Indoors.

Oil-insulated transformers shall be installed in a vault constructed
as specified in this seetion except as follows:

A. Not Over 100 kva Total Cepucity. The provisions for trans-
former vaults specified in this section apply except that the vault may
be constructed of reinforced concrete not less than 4 inches thick.

B. Not Over 600 Volts. A vault is not requived provided suitable
arrangements are made where necessary to prevent a transformer oil
fire igniting other materials, and the total transformer capacity in one
location does not exceed 10 kva in a section of the building classified
as combustible, or 75 kva where the surrounding structure is classified
as fire-resistant construction.

C. Furnace Transformers. Electric furnace transformers of a total
rating not exceeding 75 kva may be installed without a vault in a
building or room of fire-resistant construction if arrangements neces-
sary to prevent a transformer oil fire spreading to other combustible
material are provided.

D. Detached Buildings. Transformers may be installed in a build-
ing which does not conform with the provisions specified in this code
for transformer vaults provided neither the building nor its contents
presents a fire hazard to any other building or property, and provided
the building is used only in supplying electric service and is accessible
only to qualified persons.

Order 13-4524. Oil-insulated Transformers Installed Outdoors.

Combustible material, combustible buildings and parts of buildings,
fire escapes, door and window openings shall be safeguarded from fires
originating in oil-insulated transformers installed on, attached to, or
adjacent to a building or combustible material., Space separations, fire-
resistant barriers and enclosures which confine the oil of a ruptured
transformer tank are recognized safeguards. One or more of these
:v,afeguards shall be applied according to the degree of hazard involved
in cases where the transformer installation presents a fire hazard, Oil
enclosures may consist of fire-resistant dikes, curbed areas or basins,
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or trenches filled with coarse crushed stone. Oil enclosures shall be
provided with trapped drains in cases where the exposure and the
quantity of oil involved are such that removal of oil is important.

PROVISIONS FOR TRANSFORMER VAULTS

Order 13-4541. Location,

Vaults shall be located where they can be ventilated to the outside
air without using flues or ducts wherever such an arrangement is
practicable.

Order 13-4542, Walls, Roof, and Floor.

The walls and roofs of vaults shall consist of reinforced concrete
not less than 6 inches thick, masonry of brick not less than 8 inches
thiek, of 12-inch load-bearing hollow tile or 12-inch load-bearing hol-
low concrete building units. The inside wall and roof surface of vaults
constructed of hollow tile and hollow conerete building units shall
have a coating of cement or gypsum plaster not less than % inches
thick. The vault shall have a concrete floor not less than 4 inches
thick. Building walls and floors which meet these requirements may
serve for the floor, roof and one or more walls of the vault. The qual-
ity of the material used in the construction of the vault shall be of
the grade approved by the inspection authority having jurisdiction.

Order 13-4543. Doorways.

Any doorway leading from the vault into the building shall be
protected as follows:

A. Type of Door. Each doorway shall be provided with a tight-
fitting door of a type approved for openings in Class A situations as
defined in the 1939 edition of the standard of the National Board of
Fire Underwriters for Protection of Openings in Walls and Partitions
Against Tire. The authority enforcing this code may require such a
door on cach side of the wall if conditions warrant.

B, Sills. A door sill or curb of sufficient height to confine within
the vault the oil from the largest transformer shall be provided and
in no case shall the height be less than 4 inches. )

C. Locks. Entrance doors shall be equipped with locks, and doors
shall be kept locked, access being allowed only to qualified persons.
Locks and latches shall be so arranged that the door may be readily
and quickly opened from the inside.

Order 13-4544. Ventilation,

The ventilation shall be adequate to prevent a transformer tempera-
ture in excess of the values prescribed in American Standard for
Transformers C 57.1.

Order 13-4545. Ventilation Openings.

Openings for ventilation shall be provided in accordance with the
following:
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A. Location. Ventilation openings shall be located as far away as
possible from doors, windows, fire escapes, and combustible material.

B. Arrangement. Vaults ventilated by natural circulation of air
may have roughly half of the total area of openings required for
ventilation in one or more openings near the floor and the remainder
in one or more openings in the roof or in the sidewalls near the roof;
or all of the area required for ventilation may be provided in one or
more openings in or near the roof.

C. Size. In the case of vaults ventilated to an outdoor area without
using duets or flues the combined net area of all ventilating openings
after deducting the avea occupied by screens, gratings, or louvers,
shall be not less than 3 square inches per kva of transformer capacity
in service except that the net area shall be not less than 1 square foot
for any capacity under 50 kva.

D. Covering. Ventilation openings shall be covered with durable
gratings, screens, or louvers, according to the treatment required in
order to avoid unsafe conditions.

E. Dampers. If automatic dampers are used in the ventilation open-
ings in vaults containing oil-insulated transformers, the actuating
device should be made to function at a temperature resulting from
fire and not at a temperature which might prevail as a vesult of an
overheated transformer or bank of transformers. Care should be taken
to avoid unintentional closing of automatic dampers.

F. Duets. Ventilating ducts shall be constructed of fire-resistive
material.

Order 13-4546, Drainage,

If practicable, vaults containing more than 100 kva transformer
capacity shall be provided with a drain which will carry off any
accumulation of oil or water that may collect in the vault, The floor
shall be pitched to the drain opening. '

Order 13-4547. Water Pipes and Accessories,

Any pipe or duct systems foreign to the electrical installation should
not enter or pass through a transformer vault. If the presence of such
foreign systems cannot be avoided, appurtenances thereto which re-
quire maintenance at regular intervals shall not be located inside the
vault. Arrangements shall be made if necessary to avoid possible
trouble from condensation, leaks, and breaks in such foreign systems.
Piping or other facilities provided for fire protection or for water-
cooled transformers are not deemed to be foreign to the electrical
installation,

Order 13-4548. Storage in Vaults.
Materials shall not be stored in transformer vaults.
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SECTION 13-460. CAPACITORS

Order 13-4601. Application of Other Sections.

This section shall not apply to special capacitors constituting a com-
ponent part of other apparatus and conforming with the requirements
for such apparatus. Capacitors installed in hazardous locations shall
comply with the provisions of this section except as modified by
Section 13-500.

Order 13-4602. Location.

Capacitors shall be enclosed in vaults complying with the provisions
of Section 13-450 unless they are askarel insulated or unless each
unit contains not more than 3 gallons of a combustible oil.

Order 13-4603. Mechanical Protection.

Appropriate provisions shall be made to minimize the possibility of
damage to capacitors from external causes if the capacitors are
located where they are exposed to mechanical injury.

Order 13-4604, Transformers Used with Capacitors.

Transformers used with capacitors shall be installed in accordance
with Section 13-450. The kva rating shall be not less than 135 per
cent of the capacitor kva rating. :

Order 13-4605. Drainage of Stored Charge.

Capacitors shall be provided with a means of draining the stored
charge.

A, Time of Discharge. The residual voltage of a capacitor shall be
reduced to 50 volts or less within one minute after the capacitor is
disconnected from the source of supply in the case of capacitors rated
600 volts or less and in five minutes in the case of capacitors rated
more than 600 volts.

B. Means of Discharge. The discharge civeuit shall be either perma-
nently connected to the terminals of the capacitor or capacitor bank,
or provided with automatic means of connecting it to the terminals
of the capacitor bank on removal of voltage from the line. Manual
means of switching or connecting the discharge circuit shall not be
used. The windings of motors, of transformers, or of other equipment
directly connected to capacitors without a switch or overcurrent device
interposed, constitutes a suitable discharge means.

Order 13-4606. Capacitor Rating.

The rating of capacitors which are connected on the load side of a
motor over-current device ghall not exceed the value required to raise
the no-load power-factor of the motor to unity. Capacitors of this
maximum rating will usually result in a full-load power-factor of 95
to 98 per cent. The maximum capacitor ratings permitted for use with
open-type, three-phase, sixty-cycle induction motors are given in
Table 30, Ch. 10.
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Order 13-4607. Capacitor Circuits,

Capacitor cireuits shall conform to the following:

A. Conductor Rating. The rating of capacitor cireuit conductors
shall be not less than 135 per cent of the rated current of the capacitor.
The rating of conductors which connect a capacitor to the terminals
of a motor or to motor circuit conductors shall be not less than one-
third the rating of the motor circuit conductors or the rating shall be
determined as explained above if this method gives a greater value.

B. Overeurrent Protection. An overcurrent device shall be provided
in each ungrounded conductor, except that an overcurrent device is
not required for a capacitor connected on the load side of a motor
overcurrent device. The rating or setting of the overcurrent device
shall be as low as practicable without causing unnecessary opening of
the eireuit. A rating or setting of 165 to 250 per cent of the rated
current of the capacitor will be suitable under average conditions
although the setting or rating may have to exceed 250 per cent in
some cases.

C. Disconnecting Means. A disconnecting device shall be provided
in each ungrounded conductor except that a disconnecting device is
not required for a capacitor connected on the load side of a motor
disconnecting device. The disconnecting device need not open all un-
grounded conductors simultaneously. The disconnecting device may be
used for disconnecting the capacitor from the line as a regular operat-
ing procedure. The continuous current carrying ecapacity of the dis-
connecting device shall be not less than 135 per cent of the rated cur-
rent of the capacitor. '

Order 13—4608. Rating or Setting of the Motor Overcurrent Device,

If a motor installation includes a capacitor connected on the load
side of the motor overcurrent device, and the overcurrent device used
can be adjusted as explained below, the rating or setting of the motor
overcurrent device shall be determined as provided in Order 13-4322
except that instead of using the full-load rated current of the motor
as provided in that section a lower value corresponding with the im-
proved power-factor of the motor circuit shall be used. The reduction
in the full-load current required is specified in Table 30, Chapter 10,
for open-frame, three-phase, sixty-cycle induction motors. Order
18-4312 applies with respect to the rating of the motor cireuit con-
ductors.

Order 13-4609. Grounding.

. Capacitor cases shall be grounded in accordance with Section
13-250.

Order 13-4610. Guarding.

All live parts of capacitors which are connected to cireuits of more
than 600 volts between conductors and are accessible to ungualified
persons, shall be enclosed or isolated. For isolation by elevation, see

‘Order 13-7162.
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Order 13-4611. Name-Plate.

Each capacitor shall be provided with a name-plate giving the
maker’s name, rated voltage, frequency, kva or amperes, number of
phases, and if liquid-filled, the amount of liquid in gallons, together
with a statement that the liquid will or will not burn, as the case
may be. The name-plate shall indicate whether or not a capacitor
unit has a discharge device inside the case.

SECTION 13-470. RESISTORS AND REACTORS

For Rheostats see Orders 13-4305, 13-4306 and 13-94303.

Order 13-4701. Location.

Resistors and reactors shall not be placed where exposed to me-
chanical injury. If in the immediate vicinity of easily ignitible mate-
rial they shall be of the oil immersed type or shall be enclosed in
metal boxes or cabinets. See Section 13-500 for Hazardous Locations.

Order 13-4702. Space Separation.

Unless attached to a switchboard or other noncombustible material,
or unless mounted as provided in Order 13-4703, vesistors and ve-
actors shall be separated from combustible material by a distance of
not less than 1 foot.

Order 13-4703. On or In Proximity to Combustible Material.

If placed within a distance of 1 foot from combustible material,
resistors and reactors shall be installed as follows:

A. Slab or Panel. They shall be attached to a slab or panel of non-
combustible, nonabsorptive material such as slate, soapstone, or
marble.

B. Size of Slab. The slab shall extend beyond the edges of the de-
vice and shall have a thickness proportioned to the size and weight
of the device but shall not be less than 3 inch thick.

C. Supports. The slab shall be secured in position by supports inde-
pendent of those fastening the device to the slab. Bolts which support
the device shall be countersunk at least % inch below the rear surface
of the slab and shall be covered with insulating material.

Order 13-4704. Mounting,

Casings when mounted on plane surfaces shall make contact with
such surfaces only at the point of support, an air space of at least 4
inch being maintained between the casings and surfaces.

Order 13-4705. Conductor Insulation.

If insulated conductors are used for connection between resistance
elements and controllers, the conductors shall be suitable for an
operating temperature of not less than 90C (194F), except that for
motor-starting service other conduetor insulations may be used. For
elevator motor starting service, see paragraph B of Order 13-6204.
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Order 13-4706. Incandescent Lamps as Resistors.

Incandescent lamps may be used as protective resistors for auto-
matic controllers, or may by special permission be used as resistors
in series with other devices and shall conform to the following:

A. Mounting. They shall be mounted in porcelain receptacles on
non-combustible supports.

B. Voltage. They shall be so arranged that they cannot have im-
pressed upon them a voltage greater than that for which they are
rated.

C. Name Plate, They shall be provided with a name plate, perma-
nently attached, giving the wattage and voltage of the lamp to be
used in each receptacle.

D. Not Carry Main Cusrrent, They shall not carry or control the
main current nor constitute the regulating resistance of the device.

SECTION 13-480. STORAGE BATTERIES

Order 13-4801. Scope.

The provisions of this section shall apply to all stationary installa-
tions of storage batteries using acid or alkali as the electrolyte and
consisting of a number of cells connected in series with a nominal
voltage in excess of 16 volts.

Order 13-4802. Definition of Nominal Voltage.

The nominal battery voltage shall be calculated on the basis of 2.0
volts per cell for the lead acid type, and 1.2 volts per cell for the alkali
type.

Order 13-4803. Wiring and Apparatus Supplied from Batteries.

Wiring, appliances, and apparatus supplied from storage batteries
shall be subject to the vequirements of this code applying to wiring,
appliances, and apparatus operating at the same voltage, except as
otherwise provided for communication systems in Section 13-800,

Order 13-4804. Insulation of Batteries of Not Over 250 Volts.

The provisions of thig order shall apply to storage batteries having
the cells so connected as to operate at a nominal battery voltage not
exceeding 250 volts.

A. Lead Acid Batteries. Cells in lead lined wood tanks, where the
number of cells in series does not exceed 25, shall be supported indi-
vidually on glass or glazed porcelain insulators. If the number of the
cells in series exceeds 25, the cells shall be supported individually on
o0il insulators,

B. Alkali Type Batteries. Cells of the alkali type in jars made of
conducting material shall be installed in trays of non-ducting mate-
rial, with not over 20 cells in a series circuit in any one such tray, or
the cells may be supported singly or in groups on porcelain or other
suitable insulators.
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C. Unsealed Jars. Cells in unsealed jars made of nonconductive ma-
terial shall be assembled in trays of glass or supported on glass or
glazed porcelain insulators; or, if installed on a rack, shall be sup-
ported singly or in groups on glass or other suitable insulators.

D. Sealed Rubber Jars. Cells in sealed rubber or composition con-
tainers shall require no additional insulating support if the total
nominal voltage of all cells in series does not exceed 150 volts, If the
total voltage exceeds 150 volts, batteries shall be sectionalized into
groups of 150 volts or less and each group shall have the individual
cells installed in trays or on racks. If trays or racks are required for
this type of cell, such trays or racks shall be supported on glass or
glazed porcelain insulators or oil type insulators.

. Sealed Glass Jars. Cells in sealed glass jars, with or without
wood trays, require no additional insulation.

Order 13-4805. Insulation of Batteries of Over 250 Volts.

The provisions of Order 13-4804 ghall apply to storage batteries
having the cells so connected as to operate at a nominal voltage ex-
ceeding 250 volts and, in addition, the provisions of this order shall
also apply to such batteries.

A. Cells shall be installed in groups having a total nominal volt-
age of not over 250 volts, in trays or on racks supported on oil insu-
lators; except that if each individual cell, or sub-group in the tray
or rack, is supported on oil insulators, no additional insulation for the
group need be provided; and except that cells of not over 10 ampere
hour eapacity in sealed glass jars may be grouped in trays, the total
nominal voltage of all cells in such a group not to exceed 250 volts,
and each such tray to be supported on glass or glazed porcelain insu-
lators, the trays being mounted on racks supported on oil insulators
with a total nominal voltage of not over 500 volts for all cells in
series on each insulated rack.

Maximum protection is secured by sectionalizing high voltage batteries
into cell groups insulated from each other.

Order 13-4806. Racks and Trays.

Racks and trays shall conform to the following:

A. Racks. Racks, as required in this section, refer to frames de-
signed to support cells or trays. They shall be substantial, and
made of:

1. Wood, so treated as to be resistant to deteriorating action by
the electrolyte; or

2. Metal, so treated as to be resistant to deteriorating action by
the electrolyte, and provided with non-conducting members directly
supporting the cells or with suitable insulating material on conducting
members; or

3. Other similar suitable construction.

B. Trays. Trays refer to frames such as crates or shallow boxes
usually of wood or other nonconducting material, so constructed or
treated as to be resistant to deteriorating action by the electrolyte.
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Order 13-4807. Battery Rooms.

Battery rooms shall conform to the following:

A. Use. Separate battery rooms or enclosures shall be required only
for batteries in unsealed jars and tanks where the aggregate capacity
at the 8-hour discharge rate exceeds 5 kilowatt hours.

B. Wiring Method. In storage battery rooms, bare econductors, open
wiring, or econductors in rigid conduit or electrical metallic tubing shall
be used as the wiring method.

C. Varnished Cambric Conductors. Varnished cambric covered con-
ductors, Type V, shall not be used.

D. Bare Conductors. Bare conductors shall not be taped.

E. Raceway. Rigid metal conduit, or electrical metallic tubing, if
used, shall be of corrosion resistant material or shall be suitably pro-
tected from corrosion.

F. Terminals. If metal raceway or other metallic covering is used in
the battery room, at least 12 inches of the conductor at the end con-
nected to a cell terminal shall be free from the raceway or metallic
covering and shall be bushed by a substantial glazed insulating bush-
ing. The end of the raceway shall be sealed tightly to resist the
entrance of electrolyte by spray or by creepage. Sealing compound,
rubber insulating tape or other suitable material shall be used for
this purpose.

G. Ventilation Provision shall be made for sufficient diffusion and
ventilation of the gases from the battery to prevent the accumulation
of an explosive mixture in the battery room.
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Chapter 5. Special Occupancies

SECTION 13-500. HAZARDOUS LOCATIONS

Order 13-5001. Scope.

The provisions of this section apply to locations in which the
authority enforcing this code judges the apparatus and wiring to be
subject to the conditions indicated by the following classifications. It
is intended that each room, section or area (ineluding motor and
generator rooms, and rooms for the enclosure of control equipment)
chall be considered individually in determining its classification, Ex-
cept as modified by this section, all other applicable ruleg contained
in this code shall apply to electrical apparatus and wiring installed
in hazardous locations. For garages, see Qection 13-510. For defini-
tion of “approved” as used in this gection see Section 13-100.

The term explosion-proof as used in this section shall mean: en-
closed in a eaze which is capable of withstanding an explosion of a
specified gas or vapor which may occur within it, and of preventing
the ignition of the specified gas or vapor surrounding the enclosure
by sparks, flashes or explosions of the gas or vapor within,

Through the exercise of ingenuity in the layout of electrical installa-
tions for hazardous locations, it is frequently possible to locate much

of the equipment in less hazardous or in non-hazardous areas and thus
to reduce the amount of special equipment required.

Order 13-5002. Special Precaution,

The intent of this section is to require a form of construction of
equipment, and of installation that will insure safe performance
under conditions of proper use and maintenance, It, therefore, is
assumed that inspection authorities and users will exercise more
than ordinary cave with regard to installation and maintenance.

The explosive characteristics of various atmospheric mixtures of
hazardous gases, vapors and dusts depend on the specific hazardous
material involved. It is necessary, therefore, that equipment be ap-

proved not only for the class of location but also for the specific gas,

vapor or dust that will be present.

For purposes of testing and approval, various atmospheriec mixtures
have been grouped on the basis of their explosive characteristics, and
faeilities have been made available for testing and approval of eguip-
ment for use in the following atmospheric groups:

Group A, Atmospheres containing acetylene;

Group B, Atmospheres containing hydrogen, or gases or vapors of
equivalent hazard such as manufactured gas;

Group C, Atmaspheres containing ethyl ether vapor;

Group D, Atmospheres containing gasoline, peiroleum, naphtha, alco-
hols, acetone, lacquer solvent vapors, and natural gas;

Group B, Atmospheres containing metal dust;

Group F, Atmospheres containing carbon black, coal or coke dust;

Group &, Atmospheres containing grain dust.
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Order 13-5003. Paints, Lacquers and Finishes,

The provisions of this order shall apply to locations which are or
may be hazardous because of readily ignitible deposits or residues
from paints, varnishes, lacquers or other types of finishes.

Hazardous amounts of readily ignitible deposits or residues may
oceur in spray booths and their ventilating ducts and in other locations
where some types of paints, lacquers or finishes are regularly or fre-
quently applied by spraying, dipping, brushing, or by other means; or
where drippage, spillage or leakage of such paints, lacquers or finishes
rr.\ay ocecur, Some residues are not readily ignitible, and some are rela-
tively non-hazardous. The character and guantity of materials that are
or may be used should be taken into consideration in the application of
these orders, and in delermination of the extent of the affected area.

For loecations where volatile flammable solvents or thinners may in-
tro(_iuce hazards in addition to those of readily ignitible deposits or
residues, refer also to Order 18-5004.

) A. Electrical Equipment. Unless specifically approved for the loca-
tion, no electrical equipment or apparatus shall be installed or used
}vhere it may be subject to hazardous accumulations of readily
ignitible deposits or residues, except as follows: .

_ _1. Wiring in rigid conduit or in threaded boxes or fittings con-
taining no taps, splices or terminal connections may be installed in
such locations,

2, High voltage grids and their connections which are a part of
i_alectrostatic paint spraying or detearing equipment may be installed
in f.such locations when adequate protection against spark-over and
accu.lental grounding is provided, and when the installation and op-
eration of such equipment is judged to be acceptable by the authority
enforcing this Code. '

B. Lighting Through Glass Panels. Illumination of hazardous areas
through panels of glass or other transparent material is permissible
only if fixed lighting units are used as the source of illumination, if
the panel effectively isolates the hazardous area from the area in
which the lighting unit is located, if the lighting unit itself is ap-
proved for the location in which it is located, if the transparent panel
is of a material or is so protected that breakage will be unlikely, and
if ‘r:he arrangement is such that normal accumulations of hazardous

residue on the exposed surface of the panel will not be raised to a

dangerous temperature by radiation or conduction from the source of
illumination.

Order 13-5004. Class I Locations.

Class I locations are those in which flammable gases or vapors
are or may be present in the air in quantities sufficient to produce
explosive or ignitible mixtures. Class I locations shall include the
following:

A. Class I, Division 1. Locations (1) in which hazardous concen-
trations of flammable gases or vapors exist continuously, intermit-
tently, or periodically under normal operating conditions, (2) in
which hazardous concentrations of such gases or vapors rr:ay exist
frequently because of repair or maintenance operations or because
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of leakage, or (3) in which breakdown or faulty operation of equip-
ment or processes which might release hazardous coneentrations of
flammable gases or vapors, might also cause simultaneous failure of
electrical equipment.

This classifiecation would usually include locations where flammable
volatile ligquids or liguefied flammable gases are transferred from one
container to another; interiors of spray booths and areas in the vicinity
of spraying and painting operations where volatile flammable solvents
are used; locations containing open tanks or vats of volatile flammable
liguids; drying rooms or compartments for the evaporation of flasnmable
solvents: locations containing fat and oll extraction apparatus using
volatile flammable solvents; portions of cleaning and dyeing plants
where hazardous liguids are used; gas generator rooms and other por-
tions of gas manufacturing plants where flammable gas may escape;
pump rooms for flammable gas or for volatile flammable ligquids; and all
other locations where hazardous concentrations of flammable wvapors
or gases are likely to occur in the course of normal operations.

B. Class I, Division 2. Locations (1) in which flammable volatile
liquids or flammable gases are handled, processed or used, but in which
the hazardous liquids, vapors or gases will normally be confined
within closed containers or closed systems from which they can escape
only in ease of accidental rupture or breakdown of such containers or
systems, or in case of abnormal operation of equipment, (2) in which
hazardous concentrations of gases or vapors are normally prevented
by positive mechanical ventilation, but which might become hazardous
through failure or abnormal operation of the ventilating equipment,
or (3) which are adjacent to Class I, Division 1 locations, and to
which hazardous concentrations of gases or vapors might occasionally
be communicated.

This classification would usually Include locations where flammable
volatile liguids or flammable gases or vapors are used, but whiech, in
the judgment of the code enforeing authority, would become hazardous
only in case of an accident or of some unusual operating condition,
The quantity of hazardous material that might escape in case of accl-
dent, the adequacy of ventilating equipment, the total area involved,
and the record of the industry or business with respect to explosions
or fires are all factors that should receive consideration in determining
the classification and extent of each hazardous area.

Piping without valves, checks, meters and gimilar devicea would not
ordinarily be deemed to introduce a hazardous condition even though
used for hazardous liguids or gases. Locations used for the storage
of hazardous liguids or of liquefied or compressed gases in sealed con-
tainers would not normally be considered hazardous unless subject to
other -hazardous conditions also.

Order 13-5005. Class II Locations.

Class II locations are those which are hazardous because of the
presence of combustible dust. Class II locations shall include the
following: . S

A. Class II, Division 1. Locations (1) in which combustible dust
is or may be in suspension in the air continuously, intermittently, or
periodically under normal operating conditions, in quantities sufficient
to produce explosive or ignitible mixtures, (2) where mechanical
failyre or abnormal operation of machinery or equipment might
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cause such mixtures to be produced, and might also provide a source
of ignition through simultaneous failure of electrical equipment, op-
eration of protection devices, or from other causes, or (8) in which
dusts of an electrically conducting nature may be present.

This classification would usually include the working areas of grain
handling and storage plants; rooms containing grinders or pulverizers,
cleaners, graders, scalpers, open conveyors or spouls, open bing or hop-
pers, mixers or blenders, automatic or hopper scales, packing machinery,
elevator heads and bools, stock distributors, dust and stock collectors
(except all-metal collectors vented to the outside), and all similar dust
producing machinery and eguipment in grain processing plants, starch
plants, sugar pulverizing plants, malting plants, hay grinding plants,
and other occupancies of gsimilar nature; coal pulverizing plants (except
where the pulverizing equipment is essentially dust-tight); all working
areas where metal dusts and powders are produced, processed, handled,
packed or stored (exeept in tight eontainers); and all other similar loca-
tions where combustible dust may, under normal operating conditions,
be present in the air in quantities sufficient to produce explosive or
ignitible mixtures.

Combustible dusts which are electrically non-conducting will include
dusts produced in the handling and processing of grain and grain prod-
ucts, pulverized sugar and cocoa, dried egg and milk powders, pulverized
spices, starch and pastes, potato and woodflour, oil meal from beans
and seed, dried hay, and other organic materials which may produce
combustible dusts when processed or handled. BElectrically conducting
non-metallic dusts will include dusts from pulverized coal, coke and
charcoal. Metallic dusts from magnegium, aluminum and aluminum
bronze are particularly hazardous, and every precaution must be taken
to avoid ignition and explosion.

B. Class II, Division 2. Locations in which combustible dust will
not normally be in suspension in the air, or will not be likely to be
thrown into suspension by the normal operation of equipment or
apparatus, in quantities sufficient to produce explosive or ignitible
mixtures, but (1) where deposits or accumulations of such dust may
be sufficient to interfere with the safe dissipation of heat from elec-
trical equipment or apparatus, or (2) where such deposits or accumu-
lations of dust on, in, or in the vicinity of electrical equipment might
be ignited by ares, sparks or burning material from such equipment.

Locations where dangerous concentrations of suspended dust would
not be likely, but where dust accumulations might form on, in or in
the vicinity of electrical equipment, would include rooms and areas
containing only closed spouting and conveyors, closed bins or hoppers,
or machines and equipment from which appreciable quantities of dust
would escape only under abnormal operating conditions; rooms or areas
adjacent to locations described in paragraph A of this order, and into
which explosive or ignitible concentrations of suspended dust might be
communicated only under abnormal operating conditions; roomsa or areas
where the formation of explosive or ignitible concentrations of sus-
pended dust is prevented by the operation of effective dust control
equipment; warehouses and shipping rooms where dust producing
materials are stored or handled only in bags or containers:; and other
similar locations,

Order 13-5006. Class III Locations.

Class IIT locations are those which are hazardous because of the
presence of easily ignitible fibers or flyings, but in which such fihaers
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or flyings ave not likely to be in suspension in air in quantities suffi-
cient to produce ignitible mixtures. Class III locations shall include
the following:

A. Class III, Division 1, Locations in which easily ignitible fibers
or materials producing combustible flyings are handled, manufac-
tured or used.

Such loecations would include some parts of rayon, cotton and other
textile mills: combustible fiber manufacturing and processing plants;
cotton gins and cotton-seed mills; flax processing plants; clothing
manufacturing plants; woodworking 'plants; and establishments and
industries involving similar hazardous processes or conditions.

B. Class III, Division 2. Locations in which easily ignitible fibers
are stored or handled (execept in process of manufacture).

Easily ignitible fibers and flyings will include rayon, cotton (includ-
ing cotton linters and cotton waste), sisal or henequen, istle, jute,
hemp, tow, cocoa fiber, cakum, baled waste, kapol, Spanish moss,
excelsior and other materiala of similar nature.

CLASS I—INSTALLATION

Order 13-5011. General.

The general rules of this code shall apply to the installation of
electrical wiring and equipment in locations classified as Class I
under Order 13-5004 of this section except as modified by Orders
13-5012 to 13-5026 inclusive.

Attention is called to the additional requirements set forth in Order

13-5003 for locations where readily ignitible deposits or residues from
paints, varnishes, lacquers, or other types of finish may be involved.

Order 13-5012. Transformers and Capacitors.

The installation of transformers and capacitors shall conform to
the following:

A, Class I, Division 1. In Class I, Division 1 locations, transform-
ers and capacitors shall conform to the following:

1. Containing a Liquid that Will Burn. Transformers and capac-
itors containing a liguid that will burn shall be installed only in
approved vaults, which shall conform to Orders 13-4541 to 13-4548
inclusive, and in addition, (1) there shall be no door or other com-
municating opening between the vault and the hazardous area, (2)
ample ventilation shall be provided for the continuous removal of
hazardous gases or vapor, (3) vent openings or ducts shall lead to a
safe location outside of buildings, and (4) vent ducts and openings
shall be of sufficient arvea to relieve explosion pressures within the
vault, and all portions of vent ducts within the buildings shall be of
reinforced concrete construction.

2. Not Containing a Liquid that Will Burn. Transformers and
capacitors which do not contain a liquid that will burn shall (1) be
installed in vaults conforming to the requirements of sub-paragraph
A-1 of this order, or (2) be of explosion-proof type approved for
Class I locations.
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B. Class I, Division 2. In Class I, Division 2 locations, transform-
ers and capacitors shall conform to Orders 18-4521 to 13-4524
inclusive.

Order 13-5013. Meters, Instruments and Relays.

The installation of meters, instruments and relays shall conform
to the following:

A, Class I, Division 1. In Class I, Division 1 locations, meters, in-
struments and relays, including kilowatt-hour meters, instrument
transformers and resistors, rectifiers and thermionic tubes, shall be
provided with explosion-proof enclosures approved for Class I loca-
tions.

It is recommended that such eguipment be located outside of the
hazardous area where possible.

B. Class I, Diwvision 2. In Class I, Division 2 locations, meters, in-
struments, and relays shall conform to the following:

1. With Make or Break Contacts. Meters, instruments, and re-
lays in which are incorporated contacts for making or breaking cur-
rent shall eonform to paragraph A of this order unless general pur-
pose enclosures are provided and such contacts are (1) immersed in
oil, or (2) enclosed within a chamber hermetically sealed against the
entrance of gases or vapors.

2. Resistors and Similar Equipment. Resistors, resistance de-
vices, thermionic tubes, and rectifiers, which are used in or in con-
nection with meters, instruments and relays, shall conform to para-
graph A of this order, except that enclosures for resistors which
operate normally at approximately room temperature may be of
general purpose type.

3. Without Make or Break Contacts. Transformer windings, im-
pedance coils, solenoids, and other windings which do not incorporate
sliding or make or break contacts shall be provided with enclosures
which may be of general purpose type if vents adequate to permit
prompt escape of any gases or vapors are provided.

Order 13-5014. Wiring Methods.
Wiring methods shall conform to the following:

A. Class I, Division 1. In Class I, Division 1 locations, rigid metal
conduit with threaded explosion-proof joints, and explosion-proof
boxes and fittings, shall be the wiring method employed. All threaded
joints shall be made up with at least five full threads engaged. Where
necessary to employ flexible connections, as at motor terminals, flex-

ible fittings of explosion-proof type approved for the location shall
be used.

B. Class I, Division 2. In Class I, Division 2 locations, rigid metal
conduit or electrical metallic tubing shall be the wiring method em-

ployed. Where necessary to employ flexible connections, as at motor
terminals, flexible metal conduit shall be used.
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Order 13-5015. Sealing.

Seals are provided to prevent the passage of gases, vapors or
flames from one portion of the electrical installation to another
through the conduit and shall conform to the following:

A, Class I, Division 1. In Class I, Division 1 locations, seals shall
be located as follows:

1. In each conduit run entering an enclosure for switches, cireuit-
breakers, fuses, relays, resistors or other apparatus which may pro-
duce ares, sparks or high temperatures. Seals shall be placed as close
as practicable and in no case more than 18 inches from such
enclosures.

2. In each conduit run of 2 inch size or larger entering the
enclosure or fitting housing terminals, splices or taps, and within 18
inches of such enclosure or fitting.

Where two enclosures for which seals are reqguired under subpara-
graphs 1 and 2 are connected by a run of conduit not more than 36

inches in length, a single seal would be sufficient if located not more
than 18 inches from either enclosure,

3. In each conduit run leaving the Class I, Division 1 hazardous
area, The sealing fitting shall be so designed and installed that any
gases or vapors which may enter the conduit system, within the Divi-
sion 1 hazardous area, will not enter or be communicated to the con-
duit beyond the seal. There shall be no union, coupling, box or fitting

in the conduit between the sealing fitting and the point at which the .

conduit leaves the Division 1 hazardous area.

B. Classg I, Division 2. In Class I, Division 2 locations, seals shall
be located as follows:

1. In each conduit run entering an enclosure which is required
to be explosion-proof. Seals shall be placed as close as practicable
and in no case more than 18 inches from such enclosure. All portions
of such conduit run between the seal and the explosion-proof en-
closure shall conform to paragraph A, Order 13-5014.

2. In each conduit run passing from the Class I, Division 2
hazardous area into a non-hazardous area. The sealing fitting shall
be so designed and installed that any gases or vapors which may
enter the conduit system, within the Division 2 hazardous area, will
not enter or be communicated to the conduit beyond the seal. Rigid
conduit shall be used between the sealing fitting and the point at
which the conduit leaves the hazardous area, and a threaded connee-
tion shall be used at the sealing fitting, There shall be no union,
coupling, box or fitting in the conduit between the sealing fitting
and the point at which the conduit leaves the hazardous area.

C. Class I, Divisions 1 and 2. Where seals are required, they shall
conform to the following:

1. Fittings. Enclosures for connections or for equipment shall
be provided with approved means for sealing, or sealing fittings
approved for Class I locations shall be used.
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2, Compound. Sealing compound shall be approved for the pur-
pose, shall not be affected by the surrounding atmosphere or liquids,
and shall not have a melting point of less than 93C. (200 F.).

3. Thickness of Compound. In the completed seal, the minimum
thickness of the sealing compound shall be not less than the trade
size of the conduit, and in no case less than % inch.

4. Splices and Taps. Splices and taps shall not be made in fit-
tings intended only for sealing with compound, nor shall other fit-
tings in which splices or taps are made be filled with compound.

5. Drainage. Where there is a possibility that water or other
condensed vapor may be trapped at any point in the raceway system,
approved means shall be provided to prevent acecumulation, or to
permit periodic draining of such water or condensed vapor.

Order 13-5016. Switches, Circuit-Breakers, Motor Controllers and
Fuses.

Switches, cirvcuit-breakers, motor controllers and fuses shall con-
form to the following:

A. Class I, Division 1. In Class I, Division 1 locations, switches,
cireuit-breakers, motor controllers and fuses, including push buttons,
relays and similar devices, shall be provided with enclosures, and the
enclosure in each case together with the enclosed apparatus shall be
approved as a complete assembly for use in Class I loeations.

B. Class I, Division 2. Switches, circuit-breakers, motor controllers
and fuses in Class I, Division 2 locations shall conform to the
following:

1 FY Type Required. Cireunit-breakers, motor controllers and switches
intended to interrupt current in the normal performance of the func-
tion for which they are installed shall be provided with explosion-
proof enclosures approved for Class I locations, unless general pur-
pose enclosures are provided and (1) the interruption of current
occurs within a chamber hermetically sealed against the entrance of
gases and vapors, or (2) the current interrupting contacts are oil-
immersed and the device is approved for locations of this class and
division.

This will include service and branch ecireuit switches and circuit-
breakers; motor controllers, Including push-butions, pilot switches,
relays and motor-overload protective devices; and switches and cireuit-
breakers for the control of lighting and appliance eircuits. Oil-immersed
circuit-breakers and cantrolle_rs of ordinary general use type may not
confine completely the arc produced in the interruption of heavy over-

loads, and specific approval for loecations of this class and division is
therefore necessary.

2. Isolating Switches. Enclosures for disconnecting and isolating
switches without fuses and which are not intended to interrupt cur-
rent may be of general purpose type.

3. Fuses. For the protection of motors, appliances and lamps,
except as provided in subparagraph B-4 of this order (1) standard
plug or cartridge fuses may be used provided they are placed within
explosion-proof enclosures approved for the purpose and for the loca-
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tion, or (2) fuses of a type in which the operating element is im-
mersed in oil or other approved liquid, or is enclosed within a cham-
ber hermetically sealed against the entrance of gases and vapors may
be used provided they are approved for the purpose and are placed
within general purpose enclosures.

4, Fuses or Circuit-Breakers for Overcurrent Protection. When
not more than 10 sets of approved enclosed fuses, or not more than
10 circuit-breakers which are not intended to be used as switches for
the interruption of current, are installed for branch or feeder circuit
protection in any one room, area or section of this class and divi-
sion, the enclosures for such fuses or circuit-breakers may be of gen-
eral purpose type, provided the fuses or circuit-breakers are for the
protection of circuits or feeders supplying lamps in fixed positions
only.

A set of fuses shall be construed to mean a group conlaining as
many fuses as are required to perform a single protective function in a
circuit, For example, a group of 3 fuses protecting an ungrounded three-
phase cireuit, and a single fuse protecting the ungrounded conductor
of an identified two-wire gingle-phase circuit, would each he considered
as a set of fuses. Fuses conforming to paragraph 13-3 of this order need
not he included in counting the 10 sets of fuses permitted in general
purposge enclosures.

Order 13-5017. Control Transformers and Resistors.

Transformers, impedance coils and resistors used as or in conjune-
tion with control egquipment for motors, generators and appliances
shall conform to the following:

A. Class I, Divigion 1. In Class I, Division 1 locations, transform-
ers, impedance coils and resistors, together with any switching
mechanism associated with them, shall be provided with explosion-
proof enclosures approved for Class I locations.

B. Class I, Division 2. In Class I, Division 2 locations, control
transformers and resistors shall conform to the following:

1, Switching Mechanisms. Switching mechanisms used in con-

junction with transformers, impedance coils and resistors shall con-

form to Order 13-5016 paragraph B.

2. Enclogures. Enclosures for the windings of transformers or
impedance coils may be of general purpose type, but shall be pro-
vided with vents adequate to permit prompt escape of gases or vapors
that may enter the enclosure,

3. Resistors, Resistors shall be provided with explosion-proof
enclosures approved as complete assemblies with the resistors for
Class I locations. :

Order 13-5018. Motors and Generators.

Motors and generators shall conform to the following:

A. Class 1, Division 1. In Class I, Division 1 locations, motors,
generators and other rotating electrical machinery shall be of enclosed
explosion-proof type approved for Class I locations.

B. Class I, Division 2. In Class I, Division 2 locations, motors,
generators and other rotating electrical machinery in which are em-
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ployed sliding contaects, centrifugal or other types of switching
mechanism (including motor overcurrent devices), or integral resist-
ance devices, either while starting or while running, shall be of
enclosed explosion-proof type approved for Class I locations, unless
such sliding contacts, switching mechanism or resistance devices are
provided with explosion-proof enclosure approved for Class I locations,

This order does not prohibit installation of motors, such as squirrel

cage induction motors, without brushes, switching mechanism, ete., in
Class I, Division 2 loecationa.

Order 13-5019, Lighting Fixtures.

Lamps shall be installed in fixtures which shall conform to the
following:

A, Class 1, Division 1, In Class I, Division 1 locations, lighting
fixtures shall conform to the following:

1. Approved Fixtures. Each fixture shall be approved as a com-
plete assembly for locations of this elass, and shall be clearly marked
to indicate the maximum wattage of lamps for which it is approved.
Fixtures intended for portable use shall be specifically approved as
complete assemblies for that use.

2. Mechanical Injury. Each fixture shall be protected against
mechanical injury by a suitable guard or by location. "

3. Pendent Fixtures. Pendent fixtures shall be suspended by and
supplied through threaded rigid conduit stems, For stems longer than
12 inches, permanent and effective bracing against lateral displace-
ment shall be provided at a level not more than 12 inches above the
lower end of the stem, or flexibility in the form of a fitting or flexible
connector approved for the purpose and for the location shall be pro-
vided not more than 12 inches from the point of attachment to the
supporting box or fitting.

4. Supports. Boxes, box assemblies or fittings used for the sup-

port of lighting fixtures shall be approved for the purpose and for
Class I locations.

B. Class I, Division 2. In Class I, Division 2 locations, lighting
fixtures shall conform to the following:

1. Portable Lamps. Portable lamps shall be of the explosion-
proof type approved for use in Class I locations.

2. Fixed Lighting. Lighting fixtures for fixed lighting shall be
protected from mechanical injury by suitable guards or by location.
Where there is danger that falling sparks or hot metal from lamps
or fixtures might ignite localized concentrations of flammable vapors
or gases, suitable enclosures or other effective protective means
shall be provided.

3. Pendent Fixtures. Pendent fixtures shall be suspended by
threaded rigid conduit stems or by other approved means. For rigid
stems longer than 12 inches, permanent and effective bracing against
lateral displacement shall be provided at a level not more than 12
inches above the lower end of the stem, or flexibility in the form of
a fitting or flexible connector approved for the purpose shall be
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provided not more than 12 inches from the point of attachment to the
supporting box or fitting.

4. Supports. Boxes, box assemblies, or fittings used for the sup-
port of lighting fixtures shall be approved for the purpose.

5. Switches. Switches which are a part of an assembled fixture
or of an individual lampholder shall conform to the requirements of
subparagraph B-1, Order 13-5016.

6. Starting Equipment. Starting and control equipment for
mercury-vapor and fluorescent lamps shall conform to the require-
ments of paragraph B. Order 13-5017.

Order 13-5020. Appliances, Fixed and Portable.

Appliances, fixed and portable, shall conform to the following:

A, Class I, Division 1. In Class I, Division 1 locations, appliances,
including electrically-heated and motor-driven appliances, shall be
approved for Class I locations. _

B. Class I, Division 2. In Class I, Division 2 locations, appliances,
fixed and portable, shall conform to the following:

1. Heaters. Electrically-heated appliances shall be approved for
Class I locations,

2. Motors. Motors of motor-driven appliances, if of a type incor-
porating sliding contacts, centrifugal or other switching mechanisms
(including motor over-current devices), or resistance devices, shall
be of explosion-proof type approved for Class I locations.

3. Switches, Circuit-breakers, and TFuses. Switches, -circuit-
breakers and fuses shall conform to paragraph B of Order 13-5016.

Order 13-5021. Flexible Cords, Class I, Divisions 1 and 2.

A flexible cord may be used only for connection between a port-
able lamp or a portable appliance and the fixed portion of its supply
cirenit and where used shall (1) be of a type approved for extra hard
usage, (2) contain, in addition to the conductors of the circuit, a
grounding conductor conforming to Order 13-94003, (3) be connected
to terminals or to supply conductors in an approved manner, (4) be
supported by clamps or by other suitable means in such a manner
that there will be no tension on the terminal connections, and (5) suit-
able seals shall be provided where the flexible cord enters boxes, fit-
tings or enclosures of explosion-proof type.

Where flexible cords may be exposed to liquids having a deleterious
effect on rubber, they should conform also to Order 13-5023.

Order 13-5022. Receptacles and Attachment Plugs, Class I, Divisions
1 and 2.

Receptacles and attachment plugs shall be of polarized type pro-
viding for connection to the grounding conductor of the flexible cord,
and shall be approved for Class I locations.

Order 13-5023. Conductor Insulation Class I, Divisions 1 and 2.

Where condensed vapors or liquids having a deleterious effect on
rubber may collect on or come in contact with the insulation on con-
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ductors, such insulation shall be of a type approved for use under
such conditions or the insulation shall be protected by a sheath of
lead or by other approved means.

Order 13-5024. Signal, Alarm, Remote-control and Communication

Systems.

Signal, alarm, remote-control and communieation systems shall
conform to the following:

A. Class I, Division 1. In Class I, Division 1 locations, all apparatus
and equipment of signalling, alarm, remote-control and communica-
tion systems, irrespective of voltage, shall be approved for Class I
locations, and all wiring shall conform to paragraph A, Order
13-5014, and paragraphs A and C, Order 13-5015.

B. Class I, Division 2. In Class I, Division 2 locations, signal, alarm,
remote-control and communication systems shall conform to the
following:

1. Contacts. Switches and eircuit-breakers, and make and break
contacts of push buttons, relays, and alarm bells or horns, shall have
explosion-proof enclosures approved for Class I locations, unless gen-
eral purpose enclosures are provided and current interrupting con-
tacts are (1) immersed in oil, or (2) enclosed within a chamber her-
metically sealed against the entrance of gases or vapors.

2. Resistors and Similar Equipment. Resistors, resistance de-
vices, thermionic tubes and rectifiers shall conform to paragraph A
of this order except that enclosures for resistors which operate nor-
mally at approximately room temperature may be of general purpose
type.

3. Protectors. Enclosures which may be of general purpose type
shall be provided for lightning protective devices and For fuses.

Order 13-5025. Live Parts, Class I, Divisions 1 and 2.
There shall be no exposed live parts,

Order 13-5026. Grounding, Class I, Divisions 1 and 2.

Wiring and equipment shall be grounded in conformity with the
following:

A. Exposed Parts. The exposed non-current-carrying metal parts
of equipment such as the frames or metal exteriors of motors, fixed
or portable lamps or appliances, lighting fixtures, cabinets, cases,
and conduit, shall be grounded as specified in Section 13-250 of this
code,

B. Bonding. The locknut-bushing and double-locknut types of con-
tacts shall not be depended upon for bonding purposes, but bonding
jumpers with proper fittings or other approved means shall be used.
If flexible conduit is used as permitted in subparagraph B of Order
13-5014, bonding jumpers with proper fittings shall be provided
around such conduit.

C. Lightning Protection. Each ungrounded service conductor of a

- wiring system in a Class I location, when supplied from an ungrounded

overhead electrical supply system in an area where lightning dis-
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turbances are prevalent, shall be protected by a lightning protective
device of proper type. Lightning protective devices shall be con-
nected to the service conductors on the supply side of the service dis-
connecting means, and shall be bonded to the raceway system at the
service entrance.

D. Grounded Service Conductor Bonded to Raceway. Wiring in a
Class I location, when supplied from a grounded alternating current
supply system in which a grounded conductor iz a part of the service,

‘shall have the grounded service conductor bonded to the raceway

system and to the grounding conductor for the raceway system. The
bonding connection to the grounded service conductor shall be made
on the supply side of the service disconnecting means,

E. Transformer Ground Bonded to Raceway. Wiring in a Class I
location, when supplied from a grounded alternating current supply
system in which no grounded conductor is a part of the service, shall
be provided with a metallic connection between the supply system
ground and the raceway system at the service entrance. The metallic
connection shall have a current carrying capacity not less than 5
that of the service conductors, and shall in no case be smaller than
No. 10 if of soft copper, or No. 12 if of medium or hard-drawn
copper.

F. Multiple Grounds. Where, in the application of Order 18-2521,
it is necessary to abandon one or more grounding connections to
avoid objectionable passage of current over the grounding condue-
tors, the connection required in paragraphs D and E of this order
shall not be abandoned while any other grounding connection remains
connected to the supply system.

CLASS II—INSTALLATION

Order 13-5051. General.

The general ovders of this code shall apply to the installation of
electrical wiring and apparatus in locations classified as Class II
under Order 13-5005 of this section except as modified by Orders
13-5052 to 13-5066 inclusive.

Order 13-5052. Transformers and Capacitors.

The installation of transformers and capacitors shall conform to
the following:

A. Class II, Division 1. In Class II, Division 1 locations, transform-
ers and capacitors shall conform to the following:

1. Containing a Liquid that Will Burn. Transformers and capac-
itors containing a liguid that will burn shall be installed only in
approved vaults conforming to Orders 13-4541 to 13-4548 inclusive,
and in addition (1) door or other openings communicating with the
hazardous area shall have self-closing fire doors on both sides of the
wall, and the doors shall be carefully fitted and provided with suit-
able seals (such as weather stripping) to minimize the entrance of

dust into the vault, (2) vent openings and duets shall communicate -
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only with the outside air, and (8) suitable pressure-relief openings
communicating with the outside air shall be provided.

2. Not Containing a Liquid that Will Burn. Transformers and
capacitors which do not contain a liquid that will burn shall (1) be
installed in vaults conforming to Orders 13-4541 to 18-4548 inclusive,
or (2) be of approved dust-tight construction with dust-tight ter-
minal enclosures. '

3. Metal Dusts. No transformer or capacitor shall be installed
in a location where dust from the production of magnesium, alumi-
num or aluminum bronze powders may be present.

B. Class II, Division 2. In Class II, Division 2 locations, transform-
ers and capacitors shall conform to the following:
. 1. Containing a Liquid that Will Burn. Transformers and capac-
itors containing a liquid that will burn shall be installed in vaults
conforming to Orders 13-4541 to 13-4548 inclusive.

2. Containing Askarel. Transformers containing askarel and rated
in excess of 25 kva shall (1) be provided with pressure-relief vents,
(2) be provided with means for absorbing any gases generated by
arcing inside the case, or the pressure-relief vents shall be connected
to a chimney or flue which will carry such gases outside the building
and (3) have an air space of not less than 6 inches between the
transformer cases and any adjacent combustible material.

3. Dry-Type Transformers. Dry-type transformers shall be in-
stalled in vaults or shall (1) have their windings and terminal con-
nections enclosed in tight metal housings without ventilating or other
openings, and (2) operate at voltages not exceeding 600 volts.

Order 13-5053. Surge Protection, Class II, Divisions 1 and 2.

In geographical locations where lightning disturbances are preva-
lent, wiring systems in Class IT locations shall, if supplied from
overhead supply systems, be suitably protected against high-voltage
surges. This protection shall include suitable lightning protective de-
vices, interconnection of all grounds, and surge-protective capacitors.

Suitable lightning protective devices should include primary devices,
and also secondary devices if overhead secondary lines exceed 300 feet
in length or if secondary is ungrounded.

Interconnection of all grounds should include grounds for primary
and secondary lightning protective devices, secondary system grounds
if any, and grounds of conduit and eguipment of the interior wiring
system.

Surge protective capacitora should be of a type especially designed
for the duty, should be connected to each ungrounded service conductor
and should be grounded to the interior conduit system. Capacltnré
sha_uld be protected by 30-ampere fuses of suitable type and voltage
rating, or by automatic cireuit-breakers of suitable type and rating’
and should be connected to the supply conductors on the supply side
of the service disconnecting means,

Order 13-5054. Wiring Methods.

Wiring methods shall conform to the following:

A, Cla.ss Ill,.Divisim 1. In Class II, Division 1 locations, wiring
shall be in rigid metal conduit with threaded boxes and fittings.
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1. Fittings and Boxes. Fittings and boxes shall be pro}rided with
threaded bosses for conduit connection, shall have close ﬁt.t.mg covers,
and shall have no openings (such as holes for attachm.g_screws)
through which sparks or burning material might escape. Fittings a:nd
boxes in which taps, joints or terminal connections are made, or wh‘mh
are used in locations where dusts are of an electrically-conducting
nature shall be approved for Class IT locations. .

2. Flexible Connections. Where necessary to employ ﬂexlbh? con-
nections, dust-tight flexible connectors, flexible mf-)tal ct_)ndult, or
flexible cord approved for extra hard usage and provided with b_ushed
fittings shall be used, except that where dusts are of an electrically-
conducting nature, flexible metal conduit shall not be used, and flex-
ible cords shall be provided with dust-tight seals at both ends. W'here
flexible connections are subjeect to oil or other corrosive cond1t10n§,
the conductors shall be of a type approved for the condition. ’An addi-
tional econductor for grounding shall be provided in the flexible cord
unless other acceptable means of grounding is provided. »

B. Class II, Division 2. In Class II, Division 2 locations, wiring
shall be in rigid metal conduit or electrical metallic Fuhing. »

1. Fittings and Boxes. Fittings and boxes in which tapf;, joints
or terminal connections are made shall (1) be provided with tele-
scoping or close fitting covers, or other effective means to prevent
the escape of sparks or burning material, and (2) shall h.ave no open-
ings (such as holes for attachment screws) through which, after in-
stallation, sparks or burning material might escape, or through which
adjacent combustible material might be ignited. )

2. Flexible Connections. Where flexible connections are necessary
the provisions of sub-paragraph A-2 of this order shall apply.

Order 13-5055. Sealing, Class II, Divisions 1 and 2. -

Where a raceway provides communication between a non-.dust-tlg'ht
fitting or enclosure and one which is required to be dust-tlg‘}}t, suit-
able means shall be provided to prevent the entrance of dust into the
dust-tight enclosure through the raceway. This means may be (1) a
permanent and effective seal, (2) a horizontal section not less than
10 feet long in the raceway, or (3) a vertical section of raceway-not
less than 5 feet long and extending downward from the dust-tight
enclosure.

Order 13-5056. Switches, Circuit-Breakers, Motor Controllers, and
Fuses.

Switches, circuit-breakers, motor controllers and fuses shall eon-
form to the following: '

A, Class II, Division 1. In Class II, Division 1 locations, switches,
cireuit-breakers, motor controllers and fuses shall conform to the
following: ' :

1. Type Required. Switches, circuit-breakers, motor _controllt'ers
and fuses, including push buttons, relays and similar devices, which
are intended to interrupt current in the normal performance of the
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function for which they are installed, or which are installed where
dusts of an electrically-conducting nature may be present, shall be
provided with dust-tight enclosures approved for Class II locations.

This will include service and branch circuit fuses, switches and
circuit-breakers, motor controllers (including push buttons, pilot
switches, relays, and motor overload protective devices), and switches,

fuses and circuit-breakers for the contirol and protection of lighting
and appliance circuits, :

2. Isolating Switches. Disconnecting and isolating switches con-
taining no fuses and not intended to interrupt current, and which
are not installed where dusts may be of an electrically conducting
nature, shall be provided with tight metal enclosures which shall (1)
be equipped with telescoping or close fitting covers, or with other
effective means to prevent the escape of sparks or burning material,
and (2) have no openings (such as holes for attachment screws)
through which, after installation, sparks or burning material might
escape, or through which exterior accumulations of dust or adjacent
combustible material might be ignited.

8. Metal Dust, In locations where dust from the production of
magnesium, aluminum or aluminum bronze powders may be present,
fuses, switches, motor controllers and civeuit-breakers shall have dust-
tight enclosures specifically approved for such locations.

B. Class II, Division 2. Tn Class 11, Division 2 locations, enclosures
for fuses, switches, cireuit-breakers and motor controllers including
push buttons, relays and similar devices, shall conform to the re-
quirements of subparagraph A-2 of this order.

Order 13-5057. Control Transformers and Resistors,

Transformers, impedance coils and resistors used as or in conjunc-
tion with control equipment for motors, generators and appliances
shall conform to the following:

A. Class II, Division 1. In Class I1, Division 1 locations, control
transformers, impedance coils and resistors, and any overcurrent de-
vices or switching mechanisms associated with them shall have dust-
tight enclosures approved for Class II locations. No control trans-
former, impedance coil or resistor shall be installed in a location
where dust from the production of magnesium, aluminum or alumi-
num bronze powders may be present unless provided with a dust-
tight enclosure specifically approved for such locations.

B. Class II, Division 2. In Class I1, Division 2 locations, transform-
ers and resistors shall conform to the following:

1. Switching Mechanisms. Switching mechanisms, including over-
current devices associated with control transformers, impedance coils
and resistors shall be provided with enclosures conforming to sub-
paragraph A-2 of Order 13-5056.

2. Enclosures. Control transformers and impedance coils shall be
provided with tight metal housings without ventilating openings,

3. Resistors. Resistors and resistance devices, except heating ele-
ments of overcurrent devices, shall have dust-tight enclosures ap-
proved for Class IIolocation.a.
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Order 13-5058. Motors and Generators,

Motors and generators shall conform to the following:

A. Class II, Division 1. In Class II, Division 1 locations, motors,
generators and other rotating eleetrical machinery shall be totally-
enclosed not ventilated, totally-enclosed pipe ventilated, or totally-
enclosed fan-cooled, and shall be approved for Class IT locations.
Motors, generators or other rotating electrical machinery shall not
be installed in locations where dust from the production of mag-
nesium, aluminum or aluminum bronze powders may be present unless
such machines are totally-enclosed, or totally-enclosed fan cooled,
and specifically approved for such locations.

B. Class II, Division 2. In Class II, Division 2 locations, motors,
generators and other rotating electrical machinery shall be totally-
enclosed not ventilated, totally-enclosed pipe ventilated, or totally-
enclosed fan-cooled, except that in loeations where, in the judgment
of the code enforeing authority, only moderate accumulations of non-
conducting non-abrasive dust are likely to oceur, and where the equip-
ment is readily accessible for routine cleaning and maintenance self-
cleaning textile motors of the squirrel-cage type, standard open type
machines without sliding contacts, centrifugal or other types of
switching mechanism (including motor overcurrent devices), or in-
tegral resistance devices, or standard open type machines having
such contacts, switching mechanisms or resistance devices enclosed
within tight metal housings without ventilating or other openings,
may be installed. Motors, generators or other rotating electrical
machinery of protected or splashproof type shall not be installed in
such locations.

Order 13-5059. Ventilating Piping.

Vent pipes for motors, generators or other rotating electrical ma-
chinery, or for enclosures for electrical apparatus or equipment, shall
be of metal not lighter than No. 24 USS gauge, or of equally sub-
stantial non-combustible material, and shall (1) lead directly to a
source of clean air outside of buildings, (2) be screened at the outer
ends to prevent the entrance of small animals or birds, (3) be pro-
tected against mechanical damage and against rusting or other cor-
rosive influences. In addition, vent pipes shall conform to the follow-
ing:

A. Class II, Division 1, In Class II, Division 1 locations, vent pipes,
including their connections to motors or to the dust-tight enclosures
for other equipment, or apparatus, shall be dust-tight throughout
their length. For metal pipes, seams and joints shall be (1) riveted
(or bolted) and soldered, (2) welded, or (8) rendered dust-tight by
some other equally effective means.

B. Class II, Division 2. In Class II, Division 2 locations, vent pipes
and their connections shall be sufficiently tight to prevent the entrance
of appreciable quantities of dust into the ventilated equipment or
enclosure, and to prevent the escape of sparks, flame or burning mate-
rial which might ignite dust accumulations or combustible material
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in the vicinity. For metal pipes, lock seams and riveted or welded
joints may be used, and tight-fitting slip joints may be used where
some flexibility is necessary as at connections to motors.

Order 13-5060. Appliances, Fixed and Portable,
Appliances, fixed and portable, shall conform to the following:
A. Class II, Division 1. In Class II, Division 1 loeations, appliances,
including electrically-heated and motor-driven appliances, shall be
approved for Class IT locations. Fixed or portable appliances shall
not be installed or used in locations where dust from magnesium,
aluminum or aluminum bronze powders may be present unless such
appliances are dust-tight and are specifically approved for such loca-
tions.
B. Class 11, Division 2. In Class II, Division 2 locations, appliances,
fixed and portable, shall conform to the following:
1. Heaters. Electrically-heated appliances shall be approved for
Class II locations.
2. Motors. Motors of motor-driven appliances shall conform to
paragraph B of Order 13-5058. |
3. Switches. Circuit-breakers and Fuses. Enclosures for switches,
circuit-breakers, and fuses shall conform to sub-paragraph A-2 of
Order 13-5056.
‘4. Transformers, Impedance Coils and Resistors. Transformers,
impedance coils and resistors shall conform to paragraph B of Order
13-50517.

Where there is a possibility that a portable appliance may be used
in both Division 1 or Division 2 locations of this class, such appliance
should conform to the requirements for Division 1 locations.

Order 13-5061, Lighting Fixtures.

Lamps- shall be installed in fixtures which shall conform to the
following:

A. Class II, Division 1. In Class 11, Division 1 locations, lighting
fixtures for fixed and portable lighting shall conform to the following:

1. Approved Fixtures. Each fixture shall be approved for Class II
locations, and shall be clearly marked to indicate the maximum watt-
age of the lamp for which it is approved. In loeations where dust from
magnesium, aluminum or aluminum bronze powders may be present,
fixtures for fixed or portable lighting, and all auxiliary® equipment,
shall be dust-tight, and shall be specifically approved for such loca-
tions.

2. Mechanical Injury. Each fixture shall be protected against
mechanieal injury by a suitable guard or by location,

3. Pendent Fixtures. Pendent fixtures shall be suspended by
threaded rigid conduit stems or chains with approved fittings, or by
other approved means. For rigid stems longer than 12 inches perma-
nent and effective bracing against lateral displacement shall be pro-
vided at a level not more than 12 inches above the lower end of the
stem, or flexibility in the form of a fitting or a flexible connector
approved for the purpose and for the location shall be provided not
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more than 12 inches from the point of attachment to the supporting
box or fitting, Where wiring between an outlet box or fitting and a
pendent fixture is not enclosed in conduit, flexible cord approved for
hard usage shall be used, and suitable seals shall be provided where
the cord enters the fixture and the outlet box or fitting. Flexible cord
shall not serve as the supporting means for a fixture.

4. Supports. Boxes, box assemblies or fittings used for the sup-
port of lighting fixtures shall be approved for the purpoese and for
Class II locations.

B. Class II, Division 2. In Class II, Division 2 locations, lighting
fixtures shall conform to the following:

1. Portable Lamps. Portable lamps shall be dust-tight, and shall
be approved for Class II locations. They shall be clearly marked to
indicate the maximum wattage of lamps for which they are approved.
- 2. Fixed Lighting. Lighting fixtures for fixed lighting shall pro-
vide enclosures for lamps and lampholders. Enclosures shall be de-
signed to minimize the deposit of dust on lamps and to prevent the
escape of sparks, burning material or hot metal.

3. Mechanical Injury. Lighting fixtures for fixed lighting shall
be protected from mechanical injury by suitable guards or by loca-
tion.

4. Pendent Fixtures. Pendent fixtures shall be suspended by
threaded rigid conduit stems or chains with approved fittings, or by
other approved means. For rigid stems longer than 12 inches perma-
nent and effective bracing against lateral displacement shall be pro-
vided at a level not more than 12 inches above the lower end of the
stem, or flexibility in the form of a fitting or a flexible connector
approved for the purpose shall be provided not more than 12 inches
from the point of attachment to the supporting box or fitting. When
wiring between an outlet box or fitting and a pendent fixture is not
enclosed in conduit, flexible cord approved for hard usage shall be
used. Flexible cord shall not serve as the supporting means for a
fixture.

5. Bupports. Boxes, box assemblies and fittings used for the
support of lighting fixtures shall be approved for that purpose.

6. Electric Discharge Lamps. Starting and control equipment for
mercury vapor and fluorescent lamps shall conform to the require-
ment of paragraph B of Order 18-5057.

Order 13-5062. Flexible Cords, Class II, Divisions 1 and 2.

Flexible cords used in Class II locations shall (1) be of a type
approved for extra hard usage, (2) contain, in addition to the con-
ductors of the circuit, a grounding conductor conforming to Order
13-94003, (3) be connected to terminals or to supply conductors in an
approved manner, (4) be supported by clamps or by other suitable
means in such a manner that there will be no tension on the ter-
minal connections, and (5) be provided with suitable seals to prevent
the entrance of dust where the flexible cord enters boxes or fittings
which are required to be dust-tight.
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Order 13-5063. Receptacles and Attachment Plugs.

A. Class II, Division 1. In Class 1I, Division 1 locations, receptacles
and attachment plugs shall be of polarized type providing for con-
nection to the grounding conductor of the flexible cord, and shall be
approved for Class II locations.

B. Class II, Division 2. In Class II, Division 2 locations, receptacles
and attachment plugs shall be of polarized type providing for con-
nection to the grounding conductor of the flexible cord, and shall be
so designed that connection to the supply circuit cannot be made or
broken while live parts are exposed.

Order 13-5064. Signal, Alarm, Remote-Control, and Loeal Loud-
Speaker Intercommunication Systems.

Signal, alarm, remote-control and local loud-speaker intercommu-
nication systems shall conform to the following:

Refer to Section 13-800 for orders governing the installation of
communiecation cireuits as defined in Order 1020,

A. Class II, Division 1. In Class II, Division 1 locations, signal,
alarm, remote-control and loecal loudspeaker intercommunication sys-
tems shall conform to the following:

1. Wiring Method. Where accidental damage or break-down of
insulation might cause aves, sparks or high temperatures, rigid metal
conduit or electrical metallic tubing shall be the wiring method em-
ployed, and the number of conductors in a raceway shall be limited
only by the requirement that the cross-sectional area of all conductors
shall not exceed 40 per cent of the area of the raceway.

2. Contacts. Switches, circuit-breakers, relays, contactors and
fuses which may interrupt other than voice currents, and current-
breaking contacts for bells, horns, howlers, sivens and other devices
in which sparks or ares may be produced, shall he provided with dust-
tight enclosures approved for the location, unless current-breaking
contacts are immersed in oil, or unless the interruption of current
oceurs within a chamber sealed against the entrance of dust, in which
case enclosures may be of general purpose type.

3. Resistors and Similar Equipment. Resistors, transformers and
choke coils which may earry other than voice currents, and rectifiers,
thermionic tubes, and other heat generating equipment or apparatus
shall be provided with dust-tight enclosures approved for Class II
locations.

4: Rotating Machinery. Motors, generators and other rotating
electrical machinery shall conform to paragraph A of Order 13-5058.

5. Eleetrical Conducting Dusts. Where dusts are of an electrically-
conducting nature, all wiring and equipment shall be dust-tight.

6. Metal Dusts. Where dust from magnesium, aluminum or alumi-
num bronze powders may be present, all apparatus and equipment

shall be dust-tight, and shall be specifically approved for such
locations.
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B. Class II, Division 2. In Class II, Division 2 locations, signal,
alarm, remote-control and local loudspeaker intercommunication sys-
tems shall conform to the following:

1. Contacts. Enclosures shall conform to sub-paragraph A-2 of
this order or shall be in tight metal enclosures having telescoping or
tight fitting covers, and having no openings through which, after in-
stallation, sparks or burning material might escape.

2, Transformers and Similar Equipment. The windings and ter-
minal connections of transformers and choke coils shall be provided
with tight metal enclosures without ventilating openings.

3. Resistors and Similar Equipment. Resistors, resistance de-
vices, thermionic tubes, and rectifiers shall conform to sub-paragraph
A-3 of this order except that enclosures for resistors which operate
at approximately room temperature may be of general purpose type.

Order 13-5065. Live Parts, Class II, Divisions 1 and 2.
There shall be no exposed live parts,

Order 13-5066. Grounding, Class II, Divisions 1 and 2.

Wiring and equipment shall be grounded in conformity with the
following:

A, Ewxposed Parts. The exposed non-current-carrying metal parts
of equipment such as the frames or metal exteriors of motors, fixed
or portable lamps or appliances, lighting fixtures, cabinets, cases, and
conduit, shall be grounded as specified in Section 13-250 of this code.

B. Bonding. The locknut-bushing and double-locknut types of con-
tact shall not be depended upon for honding purposes, but bonding
jumpers with proper fittings or other approved means shall be used.
If flexible conduit is used as permitted in Order 13-5054, bonding
jumpers with proper fittings shall be provided around such conduit,

C. Lightning Protection. Each ungrounded service conductor of a
wiring system in a Class IT location, when supplied from an un-
grounded overhead electrical supply system in an area where light-
ning disturbances are prevalent, shall be protected by a lightning
protective device of proper type. Lightning protective devices shall
be connected to the service conductors on the supply side of the serv-
ice disconnecting means, and shall be bonded to the raceway gystem
at the service entrance.

D. Grounded Service Conductor Bonded to Raceway. Wiring in a
Class II location, when supplied from a grounded alternating-current
supply system in which a grounded conductor is a part of the service,
shall have the grounded service conductor bonded to the raceway
system and to the grounding conductor for the raceway system. The
bonding connection to the grounded service eonductor shall be made
on the supply side of the service disconmnecting means.

E. Transformer Ground Bonded to Raceway., Wiring in a Class II
location, when supplied from a grounded alternating-current supply
system in which no grounded conductor is a part of the service, shall
be provided with a metallic connection between the supply system
ground and the raceway system at the service entrance, The metallic
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connection shall have a current-carrying capacity not less than %
that of the service conductors, and shall in no case be smaller than
No. 10 if of soft copper, or No. 12 if of medium or hard-drawn
copper.

F. Multiple Grounds., Where, in the application of Order 13-2521,
it is necessary to abandon one or more grounding connections to
avoid objectionable passage of current over the grounding conductors,
the conmection required in paragraphs D or E of this order shall not
be abandoned while any other grounding connection remains con-
nected to the supply system.

CLASS III—INSTALLATION

Order 13-5071. General.

The general rules of this code shall apply to the installation of
electrical wiring and apparatus in locations classified as Class TII
under Order 13-5006 of this section cxcept as modified by Orders
13-6072 to 13-b087 inclusive.

Orvder 13-5072. Transformers and Capacitors, Class III, Divisions 1
and 2.
Transformers and capacitors shall conform to paragraph B of
Order 13-5052.

Order 13-5073. Wiring Methods,

Wiring methods shall conform to the following:

A. Class IIl, Division 1. In Classg III, Division 1 locations, rigid
metal conduit shall be the wiring method employed, '

1. Boxes and Fittings, Fittings and boxes in which taps, joints
or terminal connections are made shall (1) be provided with tele-
scoping or close fitting covers, or other effective means to prevent the
escape of sparks or burning material, and (2) shall have no open-
ings (such as holes for attachment screws) through which, after in-
stallation, sparks or burning material might escape, or through which
adjacent combustible material might be ignited.

2. Flexible Connections. Where flexible connections are neces-
sary the provisions of sub-paragraph A-2 of Ovder 13-5054 shall
apply.

B. Class III, Division 2. In Class III, Division 2 locations, the
wiring method shall conform to paragraph A of this order, except
that in sections, compartments or areas used solely for storage and
containing no machinery, open wiring on insulators may be employed
if installed to conform to Section 13-320, but only on condition that
protection as required by Order 13-3212 be provided where conduc-
tors are not run in roof spaces, and well out of reach of sources of
mechanical injury.

Order 13-5074, Switches, Circuit-Breakers, Motor Controllers and

Fuses, Class 111, Divisions 1 and 2.

Switches, eireuit-breakers, motor controllers and fuses, including
pushbuttons, relays and similar devices, shall be provided with tight
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metal enclosures which shall (1) be equipped with telescoping ov
close fitting covers, or with other effective means to prevent escape
of sparks or burning material, and (2) have no openings (such as
holes for attachment serews) through which, after installation, sparks
or burning material might escape, or through which exterior acecumu-
lations of fibers or flyings or adjacent combustible material might be
ignited.

Order 13-5075. Control Transformers and Resistors, Class III, Divi-
sions 1 and 2.
Transformers, impedance coils and resistors used as or in conjunc-
tion with control equipment for motors, generators and appliances,
shall conform to paragraph A of Order 13-5057.

Order 13-5076. Motors and Generators.

Motors and generators shall conform to the following:

A. Class III, Divison 1. In Class III, Division 1 loeations, motors,
generators, and other rotating electrical machinery shall be totally-
enclosed not ventilated, totally-enclosed pipe ventilated, or totally-
enclosed fan-cooled, except that in locations where, in the judgment
of the code enforcing authority, only moderate accumulations of lint
and flyings will be likely to collect on, in, or in the vicinity of a
rotating electrical machine, and where such machine is readily acces-
sible for routine cleaning and maintenance, self-cleaning textile mo-
tors of the squirrel-cage type, standard open type machines without
sliding contacts, centrifugal or other types of switching mechanism
(including motor overload devices), or standard open type machines
having such contacts, switching mechanisms or resistance devices en-
closed within tight metal housings without ventilating or other open-
ings, may be installed.

B. Class III, Division 2. In Class III, Divigion 2 locations, motors,
generators, and other rvotating electrical machinery shall be totally-
enclosed not ventilated, totally-enclosed pipe ventilated, or totally-
encloged fan-cooled,

C. Protected Type, Class 111, Divisions 1 and 2. Motors, generators
or other rotating eclectrical machinery of the protected or splash-
proof type shall not be installed in Class IIT locations.

Order 13-5077. Ventilating Piping, Class TII, Divisions 1 and 2.
Vent pipes for motors, generators or other rotating electrical
machinery, or for enclosures for electrical apparatus or equipment,
shall be of metal not lighter than No. 24 USS gauge, or of equally
substantial non-combustible material, and shall (1) lead directly to
a source of clean air outside of buildings, (2) be screened at the
outer ends to prevent the entrance of small animals or birds, (3) be
protected against mechanical damage and against rusting or other
corrosive influences, and (4) vent pipes and their connections shall be
sufficiently tight to prevent the entrance of appreciable quantities
of fibers or flyings into the ventilated equipment or enclosure, and
to prevent the escape of sparks, flame or burning material which
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might ignite accumulations of fibers or flyings or combustible mate-
rial in the vicinity. For metal pipes, lock seams and riveted or
welded joints may be used, and tight fitting slip joints may be used
where some flexibility is necessary as at connections to motors.

Order 13-5078. Appliances, Fixed and Portable, Class III, Divisions 1
and 2.

Appliances shall conform to the following:

A, Heaters. Electrically-heated appliances shall be provided with
dust-tight enclosures, and shall be approved for Class IIT locations.

B. Motors. Motors of motor-driven appliances shall conform to
paragraph B of Order 13-5076. Appliances which may be readily
moved from one location to another should conform to requirements
for the most hazardous location.

C. Switehes, Circuit-breakers, Motor Controllers and Fuses.
Switches, circuit-breakers, motor controllers and fuses shall conform
to paragraph A of Order 13-5056.

Order 13-5079. Lighting Fixtures, Class III, Divisions 1 and 2.

Lamps shall be installed in fixtures which shall conform to the
following:

A. Construction. Each fixture shall be of dust-tight type so de-
signed that in the event of burnout of lamp or lampholder, no spark
or hot metal can escape from the fixture. Unless each fixture is so
constructed that it will not accept a lamp of larger wattage than that
for which it is designed, it shall be clearly marked to indicate the
maximum wattage of lamp that should be used.

B. Mechanical Injury. A fixture which may be exposed to mechan-
ical injury shall be protected by a suitable guard.

C. Pendent Fivtures. Pendent fixtures shall be suspended by stems
of threaded rigid conduit or threaded metal tubing of equivalent
thickness. For stems longer than 12 inches, permanent and effective
bracing against lateral displacement shall be provided at a level not
more than 12 inches above the lower end of the stem, or flexibility
in the form of a fitting or a flexible connector approved for the pur-
pose shall be provided not more than 12 inches from the point of
attachment to the supporting box or fitting.

D. Supports. Boxes, box assemblies or fittings used for the sup-
port of lighting fixtures shall be of a type approved for the purpose.

E. Portable Lamps, Portable lamps shall be dust-tight, and shall
be protected with substantial guards. Lampholders shall be of un-
switched type with no exposed metal parts. Unless the portable lamp
is so constructed that it will not accept a lamp of larger wattage
than that for which it is designed, it shall be clearly marked to indi-
cate the maximum wattage of lamp that should be used.

Order 13-5080. Flexible Cords, Class III, Divisions 1 and 2.
Flexible cords shall conform to Ovder 13-5062.
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Order 13-5081. Receptacles and Attachment Plugs, Class II1, Divi-
sions 1 and 2.

Receptacles and attachment plugs shall conform to paragraph B
of Order 13-5063.

Order 13-5082. Signal, Alarm, Remote-Control and Local Loud-
Speaker Intercommunication Systems, Class I1II, Divisions 1
and 2.

Signal, alarm, remote-control and local loud-speaker intercommu-

nication systems shall conform to paragraph A of Order 13-5064.

Order 13-5083, Electric Cranes, Class I1I, Divisions 1 and 2.

Electric cranes may be installed under the following conditions:
Electrie eranes operating over combustible fibers shall not be oper-
ated on a system with a grounded conductor. Feeders for electric
cranes shall be furnished with a recording ground detector, and pro-
tected by a relay which will automatically open the feeder circuit-
breaker in the event of the insulation of the system falling below
1000 ohms. Bare conductors for cranes operating in rooms used for
the storage of combustible fibers shall be protected by barriers so
arranged as to prevent any escape of sparks or hot particles, and
the moving current collectors shall be so designed as to minimize
sparking at sliding contacts.

It is recommended that where the distance of travel permits, current

Lo the crane be supplied through flexible cord approved for extra hard
usage and equipped with approved type of reel or take-up device,

Order 13-5084. Electric Trucks.

Electric trucks shall conform to the following:

A, Class III, Divison 1. Electrie trucks shall not be used in Class
111, Division 1 locations.

B. Class III, Division 2, In Class III, Division 2 locations, electric
trucks shall have wheels equipped with rubber tires or made of non-
conduecting material. Electric trucks shall have their batteries charged
only in rooms meeting the requirements of Order 13-5085.

Ovder 13-5085. Storage-Battery Charging Equipment, Class 11T, Divi-
sions 1 and 2.

Storage-battery charging equipment shall be located in separate
rooms built or lined with substantial non-combustible materials so
constructed as to adequately exclude flyings or lint, and shall be well
ventilated.

Order 13-5086. Live Parts, Class 1II, Divisions 1 and 2.

There shall be no exposed live parts except as provided in Order
13-5083.
Order 13-5087. Grounding, Class III, Divisions 1 and 2.

Wiring and equipment shall be grounded in conformity with Order
13-5066.
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SECTION 13-510. GARAGES AND SIMILAR OCCUPANCIES

GENERAL
Order 13-5101. Scope.

The provisions of this section shall apply to airplane hangars,
garages, commercial garages, gasoline service stations, and other
locations where gasoline or other highly volatile motor fuel is stored
in wvehicles, dispensed, or where service and repair operations are
carried on with this type of equipment. Where service or repair op-
erations involving more hazardous conditions are carried on, the pro-
visions of other applicable sections of this code shall apply. The pro-
visions of this section shall not apply to any portion of a building
which is suitably cut off from the garage and not used for the above
purpose.

Order 13-5102. General.

This section provides additional required precautions in installation
of electric equipment where volatile oy flammable liquids are handled
or used as fuel or power in self-propelled vehicles,

Where reference is made in this section to a level of 4 feet above
the floor, it shall be construed to mean each floor at or above grade
level. In the case of floors below grade level, the measurement shall
begin not at the floor but at the bottom of outside doors or other
openings at or above grade level.

Order 13-5103. Types of Equipment.

Equipment which tends to produce ares or sparks, such as cutouts,
switches, receptacles, lampholders, charging panels, generators, mo-
tors, or other equipment having make or break or sliding contacts,
when located within 4 feet of the floor shall be of a type approved
for use in Class I, Division 2 loecations as defined in Section 13-500
of this code. Equipment which may produce temperatures which may
cause ignition of such fuel or gas, when located within 4 feet of the
floor, shall be of a type approved for use in Class I, Division 2 loca-
tions as defined in Section 13-500 of this code. Whevre such equipment
is located above the 4-foot level, it shall be of the totally-enclosed
type or shall have all openings guarded or sereened so as to prevent
the falling of hot metal particles in case an are occurs.

A. Show Rooms and Switchboard Rooms. Equipment located in a
suitable room or enclosure provided for the purpose or in a show
room separated from the gavage proper by a partition which is rea-
sonably tight up to the 4 foot level as defined in Order 18-5102, need
not conform to the requirements of this order.

Ovder 13-5104. Polarization of Pendants and Portables.

If the wiring system is identified as provided in Section 15-200,
flexible cords shall be identified and the identified conductor shall he
connected to the screw shell of all lampholders on portables or pend-
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ants. Receptacles, attachment plugs, connectors, and similar devices
shall be of the polarized type.

Order 13-5105. Connectors.

Cords used for the comnection of portable appliances shall carry
the male end of a polarity-type pin-plug connector, or equivalent, the
female end being of such design or so hung that the connector will
break apart readily at any position of the cable. The connector shall
be kept at least 4 feet above the floor. A take-up reel or equivalent
approved device may be used.

Order 13-5106. Cord for Pendants.

For pendants, flexible cord suitable for the type of service and
approved for hard usage shall be used,

Order 13-5107. Cord for Portables.

For connection of portable lamps, motors or other appliances, flex-
ible cord suitable for the type of gervice and approved for extra hard
usage shall be used.

Order 13-5108. Lampholders and Guards for Portables.

Portable lamps shall be equipped with handle, lampholder, a hook
and substantial lamp guard attached to the lampholder or handle,
All exterior surfaces which might come in contact with other objects
shall be of non-conducting material, or shall be effectively protected
with insulation. Lampholders shall be of the unswitched type and
shall not provide means for plug-in of attachment cord caps, Lamp-
holders shall be of the molded composition or other type approved
for the purpose. Metalshell, lined lampholders, either of the switched
or unswitched type, shall not be used.

Order 13-5109. Portable Lampholders Used in Pits.

Where portable lamps are used in pits or other places in which
gasoline fumes are liable to settle, they shall be of a type approved
for use in Class I, Division 2 locations as defined in Secction 13-500
of this code.

Order 13-5110. Lampholders,

Where practicable, lampholders shall have non-conducting outer
casings,
Order 13-5111. Live Parts,

Live parts of equipment shall be guarded to prevent acecidental
contact, i
Order 13-5112. Grounding,

All metallic conductor enclosures and the exposed metal parts of
fixed equipment, except pendent or portable lamps operating on
grounded systems of not more than 150 volts to ground, shall be
grounded in the manner prescribed in Section 13-250,
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RESIDENTTAL STORAGE GARAGES

Order 13-5121. Residential Storage Garages—Six Cars or Less,

All wiring located 4 feet or more above the floor may be of any
type covered by the provisions of Chapter 3 of this code.

COMMERCIAL GARAGES AND AIRPLANE HANGARS

Order 13-5131. Commercial Garages and Airplane Hangars.

Only metallic raceway or armored cable systems may be used.
Cellular metal floor raceways may be used only for supplying ceiling
outlets or extensions to the area below the floor but not above. No
electrie conductor shall be installed in any cell or header which con-
tains a pipe for steam, water, air, gas, drainage, or other service
than electrical. All wiring which is used in connection with equip-
ment located below the 4 foot level ghall be installed to conform to
Section 13-500, Class I, Division 2, of this code.

Order 13-5132. Battery-Charging Equipment,

Battery chargers and control equipment shall be located at least 4
feet above the floor. Tables, racks, trays, and wiring methods shall
in addition conform to the provisions of Section 13-480.

Order 13-5133. Electric Vehicle Charging.

Equipment for electric vehicle charging shall conform to the fol-
lowing: ;

A. Type of Cord. Flexible cords used for charging purposes shall
be suitable for the type of service and approved for extra hard usage.

B. Connector Rating. Connectors shall be at least 50 amperes
capacity,

C. Connectors. Connectors shall be so designed and so installed
that they will break apart readily at any position of the charging
cable. Live parts shall be guarded from accidental contact. Where
plugs for direct connection to vehicles are suspended from overhead,
the cord shall be arranged so that the lowest point of sag is at least
6 inches from the floor. Where the vehicle is equipped with an ap-
proved plug which will readily pull apart and is arranged to auto-
matically pull both cord and plug out of the way so as not to be sub-
ject to mechanieal injury, no additional connector need be placed in
the cable or at the outlet.

GASOLINE DISPENSING AND SERVICE STATIONS

Order 13-5141. Gasoline Dispensing and Motor-Vehicle Serviee
Station.
Equipment for gasoline dispensing and motor-vehicle service sta-
tions shall conform to Orders 18-5141, 13-5142 and 13-5143.
A, Lubritorium Service and Repair Rooms. All wiring and equip-
ment below 4 feet of the main level shall comply with the provisions
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of Class I, Division 2, of Section 13-500 of this code. All other wiring
shall conform to the provisions of Order 13-5131.

B. Other Locations. Office, salesroom, compressor rooms, and ot}}el'
similar areas which are suitably cut off from the lubritnrium_, service
and repair rooms, shall be wired to comply with the provisions of
Chapter 3 of this code.

Order 13-5142, Dispensing Island. .
The wiring in a dispensing island shall conform to the followujg:

A. All wiring and equipment less than 4 feet above the car drive
level shall conform to the provisions of Section 13-500 for Class I,
Division 1 locations. )

B. All conduits shall be sealed as they enter dispensing pumps
or other equipment on the island.

C. Conductors in conduits entering or leaving dispensing pumps,
when covered with a rubber compound or other compound upon which
the dispensed liquid will have a deleterious effect, must be sheathed
with a suitable material such as lead.

D. All circuits supplying dispensing pumps shall be controlled
by a switch having a disconneeting pole in each conductor.

Order 13-5143, Pole Standards.

In an outside location, all wiring and equipment less than 4 fee_:t
above the adjacent ground or apron level, and less than 2-[) feet hori-
zontally from any dispensing island or pump, tank fill-pipe, or tank
vent-pipe, shall conform to the provisions of Section_ 13-500 for
Class I, Division 2 locations, unless the authority e11f01"c{n‘g the Code
specifies conformance to requirements for Class I, Division 1 1o’ca-
tions. Approved seals shall be provided in all conduit runs leaving
the defined area.

BULK-STORAGE PLANTS

Order 13-5151. Bulk-Storage Plants.

A. Equipment for bulk-storage plants handling gasoline or other
volatile liquids with similar hazards, shall conform to Orders 13-5152
to 13-5157 inclusive,

B. Electric lines operating at more than 300 volts to ground shall
not pass over flammable liquids storage tanks and shall be .kept at
least 15 feet horizontally from such tanks. When the voltage is below
300, a clearance both vertically and horizontally of not less than 8
feet, shall be maintained.

Order 13-5152. Equipment,

Motors, controllers, wiring, and cquipment used as part of the
bulk plant shall comply with the provisions of Section 13-500 of this
code, unless the authority enforcing the Code judges a specific area
or location to be non-hazardous,
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Order 13-5153. Underground Wiring,

Wiring located in not less than 2 feet of earth may be in rigid
conduit, or an approved lead-covered cable assembly, provided that
rigid conduit is used where these cables leave the earth extending
from a point of lowest buried cable level to the equipment so served,

Order 13-5154. Pole Standards.

All outside wiring and equipment movre than 15 feet above adja-
cent ground level shall conform to the requirements of Chapter 8,
unless the authority enforcing the Code specifies conformance to the
provisions of Section 13-500, Wiring and equipment below that level
shall conform to the requirements of Section 13-500 unless the loca-

tion is judged to be non-hazardous by the authority enforcing the
Code,

Ovder 13-5155. Platforms,
All wiring and equipment located on filling platforms shall comply
with the provisions of Seetion 13-500 of this code.

Order 13-5156. Storage and Repair Garages for Tank Trucks.

All wiring shall conform to the provisions of Class I, Division 2,
of Section 13-500 of this code, unless the authority enforeing the
Code specifies conformance to requirements for Class I, Division 1

locations.
Order 13-5157. Office Buildings.

In office buildings, boiler rooms, and other building units isolated
by location and in which no gasoline or container are used or stored,
the wiring shall comply with the provisions of Chapter 3 of this code.

SECTION 13-520. THEATERS, INCLUDING MOTION
PICTURE HOUSES

Order 13-5201. Scope.

The requirements of this section shall apply to all buildings, or
part of a building, designed, intended, or used for dramatie, operatic,
motion picture or other shows.

Note. The Wisconsin State Building Code containg definitions covering
theaters and assembly halls.

Order 13-5202. Emergency Lighting,

An emergency lighting system shall be provided where the seating
capacity of the auditorium exceeds 100 persons. When electricity is

used for emergency lighting, this system shall conform to the re-
quirements of Section 13-700.

Order 13-5203. Motion Picture Projectors,

Motion picture projectors shall comply with Section 13-540.
Order 13-5204. Sound Reproduction,

Sound reproducing equipment shall comply with Section 13-640,
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INSTALLATION

Order 13-5211. Wiring Method.

The wiring method shall be metal yaceways, exeept (1) as provided
in Sections 13-640 and 13-800; (2) when the auditorium has a seat-
ing capacity of 100 persons or less, armored cable as provided in

Section 13-834 may be used, or for concealed work, concealed knob-

and-tube work or non-metallic sheathed cable as provided in Sections
13-324 and 13-336 may also be used. Portable cables may be used
only where fixed wiring methods are impracticable.

Order 13-5212, Number of Conductors in Raceway.

The number of conductors permitted in any metal conduit or clec-
trical metallic tubing for border or stage pocket circuits or for remote-
control conductors shall not exceed that shown in Table 9 of Chap-
ter 10, The number of conductors for border or stage pocket circuits
or for remote-control conductors in auxiliary gutters or metal wire-
ways shall have a total cross sectional area not exceeding 20 per cent
of the cross sectional area of the gutter or wireway.

Order 13-5213. Conductor Insulation.

Foot, border, proscenium, or portable strip light fixtures shall be
wired with conductors having insulation suitable for the temperatures
at which the conductors will be operated and not less than 125C
(257F). See the table in Order 13-3102,

STAGE SWITCHBOARD

Order 13-5221., Dead Front.
Stage switchboards shall be of the dead-front type.

Order 13-5222. Guarding.

Stage switchboards having exposed live parts on the back of such
boards shall be enclosed by the building walls, wire mesh grills, or
by other approved methods. The entrance to this enclosure shall be
by means of a self-closing door.

Order 13-5223. Control and Overcurrent Protection of Receptacle
Circuits.
Means shall be provided at the stage switchboard for the control
and individual overcurrent protection of branch circuits to stage and
gallery receptacles used for portable stage equipment.

Order 13-5224. Metal Hood.

Stage switchboard shall be provided with a metal hood extending
the full length of the board to protect all equipment on the board
from falling objeets, unless the switchboard is recessed in the building
construction or is of the completely enclosed, dead-front and dead-
rear type.
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Order 13-5225, Dimmers.
Dimmers shall conform to the following:

A. Disconnection from Supply. If dimmers ave installed in un-
grounded conductors, each dimmer shall have overcurrent protection
not greater than 125 per cent of the dimmer rating, and shall be dis-
connected from all ungrounded conductors when the master or indi-
vidual switech or circuit-hreaker supplying such dimmer is in the
open position.

B. Resistance or Reactor Type Dimmers. Resistance or series re-
actor type dimmers may be placed in either leg of the cirecuit. If de-
signed to open either the supply circuit to the dimmer or the cireuit
controlled by it, the dimmer shall then comply with Order 18-3801.

It is recommended that resistance or reactor type dimmers be placed

in the grounded neutral conductor of the cireuit provided they do not
open the cireuit.

.C. Auto-Transformer Type Dimmers, An auto-transformer type of
dimmer shall be energized by a circuit operating at not more than
150 volts between conductors and the grounded conductor shall be
common to hoth the input and the output of the auto-transformer.

STAGE EQUIPMENT—FIXED

Order 13-5241, Circuit Loads.

Footlights, border lights, and proscenium side lights shall be so
arranged that no branch circuit supplying such equipment will carry
a load exceeding 15 amperes; provided that where heavy duty lamp-
holders only are used such ecireuits may conform to the provisions
of Section 13-210 for circuits supplying heavy duty lampholders.

Order 13-5242. Footlights.

If the metal trough construction specified in Order 13-5281 is not
used, footlights shall consist of individual outlets with lampholders,
wired with rigid or flexible metal conduit. The cireuit conductors shall
be soldered to the lampholder terminals, Disappearing footlights shall
be so arranged that the current supply shall be automatically discon-
nected when the footlights are replaced in the recess designed
therefor,

Order 13-5243. Cables for Border Lights.

Cables for border lights shall be Types K, S, 80, 8U, SUO, or
ST flexible cord. See Table 31 of Chapter 10. The cables shall be suit-
ably supported. Such cables shall be employed only where flexible
conductors are necessary.

Order 13-5244. Receptacles,

Receptacles intended for the connection of are lamps shall have not
less than 35 amperes capacity and shall be supplied by conductors
not smaller than No. 6. Receptacles intended for the connection of
incandescent lamps shall have not less than 15 amperes capacity and
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shall be supplied by conductors not smaller than No. 12, Plugs for are
and incandescent receptacles shall not be interchangeable.

Order 13-5245. Lamps in Scene Docks,

Lamps installed in scene docks shall be so located and guarded as
to be free from mechanical injury and provide an air space of not
less than 2 inches between such lamps and any combustible material,

Order 13-5246. Curtain Motors.

Curtain motors having brushes or sliding contacts shall comply
with Order 15-5310.

Order 13-5247. Flue Damper Control.

If stage flue dampers are released by an electrical device, the eir-
cuit operating the latter shall be normally closed and shall be con-
trolled by at least 2 externally operable switches, one switch being
placed at the electrician’s station and the other where designated by
the inspection authority, The device shall be designed for the full
voltage of the circuit to which it is connected, no resistance being in-
serted. It shall be located in the loft above the scenery and shall be
enclosed in a suitable iron box having a tight, self-closing door.

STAGE EQUIPMENT—PORTABLE

Order 13-5251, Are Lamps.
Arc lamp frames and standards shall be so installed and guarded
as to prevent their becoming grounded.

Order 13-5252, Lights on Scenery.

Brackets on scenery shall be wired internally and the fixture stem
shall be carried through to the back of the scenery where a bushing
shall be placed on the end of the stem, except that externally wired
brackets or other fixtures may be used when wired with Type P or
other cords designed for hard usage which shall extend through
scenery and without joint or splice in canopy of fixture bhack and
terminate in an approved type stage comnector located within 18
inches of the fixture, Fixtures shall be securely fastened in place.

Order 13-5253. Festoons.

Joints in festoon wiring shall be staggered where practicable.
Lamps enclosed in lanterns or similar devices of combustible mate-
rial shall be equipped with approved guards.

Order 13-5254. Special Effects.

Electrical devices used for simulating lightning, waterfalls, and the
like, shall be so constructed and located that flames, sparks, or hot
particles, cannot come in contact with combustible material.

Order 13-5255. Connectors for Flexible Conductors.
Connectors for flexible conductors shall be so constructed that ten-
sion on the cord or cable will not be transmitted to the connections.
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The female half of the connector shall be attached to the live end of
the cord or cable,

Order 13-5256, Conductors for IPortables.

Flexible conductors used to supply portable stage equipment shall
be Types K, 8, SO, SU, SUO or ST, except that reinforced cord may
be used to supply stand lamps if the cord is not liable to severe me-
chanical injury and is protected by an overcurrent protection at not
over 15 amperes,

DRESSING ROOMS

Order 13-5261. Pendants,
Lamp pendants shall not be installed in dressing rooms. Each re-

ceptacle shall be provided with a pilot light to indieate when a plug
is inserted into the receptacle,

Order 13-5262. Lamp Guards,
All incandescent lamps in dressing rooms, if less than 8 feet from

the floor, shall be equipped with open end guards riveted to the outlet
box cover or otherwise sealed or locked in place.

Order 13-5263. Switches Required.

Wall switches shall be installed for the control of all lights and
receptacles in dressing rooms.

GROUNDING

Order 13-5271. Grounding,

All metal raceways shall be grounded. The metal frames and en-
closures of equipment including border lights shall be grounded, ex-
cept the frames and enclosures of portable equipment on grounded
circuits operating at not over 150 volts, Grounding, if employed, shall
be done in the manner specified in Section 18-250,

CONSTRUCTION

Order 13-5281. Footlights.

If metal trough construction is employed for footlights, the trough
containing the cireuit conductors shall be made of sheet metal not
lighter than No. 20 USS sheet metal gauge (.0359 inch in thickness)
treated to prevent oxidation, Lampholder terminals shall be kept at
least 3 inch from the metal of the trough. The cirvenit conductors
shall be soldered to the lampholder terminals.

Order 13-5282. Borders and Proscenium Sidelights.

Borders and proscenium sidelights shall be constructed as preseribed
in order 13-5281, shall be suitably stayed and supported, and shall be
so designed that the flanges of the reflectors or other adequate guards
will protect the lamps from mechanical injury and from accidental
contact with scenery or other combustible material,
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Order 13-5283. Pockets.

Receptacles intended for the connection of portable stage lighting
equipment shall be mounted in suitable pockets or enclosures, and
shall comply with the requirements of order 13-5244,

Order 13-5284. Arc Lamps.

Arc lamps shall comply with the following:

A. General, Portable are lamps shall be substantially constructed
entirely of metal not less than No. 20 USS sheet metal gauge (.0359
inch), except where approved insulating material is necessary. The
design shall be such as to provide proper ventilation while retaining
sparks, and to prevent carbons or other live parts of lamp from mak-
ing contact with metal of hood.

B. Hoods. Hoods for other than lens lamps shall have the front
opening equipped with a self-closing hinged door frame carrying
either wire gauze or glass. Hoods for lens lamps may have a sta-
tionary front, and a solid door on either back or side.

C. Insulation. Mica shall be used for the insulation of the lamp
frame. )

D. Switch. The switch on the standard shall be of such design that
accidental contact with any live part will be impossible,

E. Eheostats. Rheostats shall be enclosed in a substantial, properly
ventilated metal case affording a clearance of at least 1 inch between
case and resistance element, If the rheostat is mounted on the stand-
ard, a clearance of 3 inches above the floor shall be maintained.

Asbestos covered Type AA conductors shall be used between the
rheostat and the lamp,

F. Terminals, If stranded conductors arve used, they shall be con-
nected to lamp, rheostat and switch terminals by means of approved
lugs or connectors; provided that approved pressure connectors shall
be used at are lamp terminals.

Order 13-5285. Portable Strips.

Portable strips shall be constructed in accordance with the require-
ments for border lights and proscenium side lights in order 13-5282,
The supply cable shall be protected by bushings where it passes
through metal and shall be so arranged that tension on the cable will
not be transmitted to the connections.

Order 13-5286. Portable Plugging Boxes.

Portable plugging boxes shall conform to the following:

A. Enclosure. The construction shall be such that no current-carry-
ing part will be exposed.

B. Receptacles and Overcurrent Protection. Each receptacle shall
have a current-carrying capacity of not less than 80 amperes, and
shall be protected by over-current devices installed in an approved
enclosure equipped with selfclosing doors.

C. Busbars and Terminals. Busbars shall have a current-carrying
capacity equal to the sum of the ampere ratings of all the receptacles.
Lugs shall be provided for the connection of the master cable.
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PORTABLE SWITCHBOARDS ON STAGE

Order 13-5291. Supply.

Portable switchboards shall be supplied only from outlets especially
provided for this purpose. Such outlets shall consist of externally
operable, enclosed fused switches or eircuit-breakers mounted on the
stage wall or at the switchboard in locations readily accessible from
the stage floor.

Order 13-5292, Overeurrent Protection.

Cireuits from portable switchboards dircctly supplying equipment
containing incandescent lamps of the medium base or smaller types
shall be protected by overcurrent devices having a rating or setting
of not more than 15 amperes. Circuits for heavy-duty lampholders
may be used if overcurrent protection conforms to the provisions
of Section 13-210, Other circuits shall be provided with overcurrent
devices with a rating or setting not higher than the current required
for the connected load.

Order 13-5293. Construction.

Portable switchboards for use on stages shall comply with the
following:

A. Enclosure. Portable switchboards shall be placed within an en-
closure of substantial construction which may be so arranged that
the enclosure is open during operation. Enclosures of wood shall be
completely lined with sheet metal of not less than No, 24 USS gauge
(.0239 inch), and if not of corrosion-resistant type shall be weil
galvanized, enameled, or otherwise properly coated to prevent cor-
rosion,

B. Live Parts. Except as provided for dimmer face plates in para-
graph E there shall be no exposed live parts within the enclosure,

C. Switches and Circuil-Breakers. All switches and circuit-breakers
shall be of the externally-operable, enclosed type.

D. Cireuit Protection. Overcurrent devices shall be provided in
each ungrounded conductor of every circuit supplied through the
switchboard. Enclosures shall be provided for all overcurrent devices
in addition to the switchboard enclosure.

E. Dimmers. The terminals of dimmers shall be provided with en-
closures, and dimmer face plates shall be so arranged that accidental
contact cannot be readily made with the face-plate contacts.

F. Interior Conductors, All conductors within the switchboard en-
closure shall be stranded and, except for cables feeding to or from
the switchboard, shall be asbestos-covered Type AA or other types
approved for a maximum- operating temperature of 200C (392F).
Each conductor shall have a current-carrying capacity at least equal
to the rating of the cirenit-breaker, switch or eutout which it supplies,
except for conductors for incandescent lamp circuits having over-
current protection not exceeding 15 amperes. Conductors shall be
enclosed in metal troughs or securely fastened in position and shall
be bushed where they pass through metal,
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G. Pilot Light. A pilot light shall be provided within the enclosure
and shall be so connected to the circuit supplying the board that
the opening of the master switch will not cut off the supply to the
lamp. This lamp shall be on an independent circuit having overcurrent
protection of a rating or setting of not more than 15 amperes.

H. Supply Connections. The supply to a portable switchboard sl?all
be by means of flexible cord (Types K, S, SU or SUO) terminating
within the switechboard enclosure or in an externally-operable fused
master switch or eirveuit-breaker. The supply cable shall have suffi-
cient current-carrying capacity to carry the total load on the switch-
board and shall be protected by overcurrent devices.

I. Cuble Arrangement. Cables shall be protected by bushings whfare
they pass through enclosures and shall be so arranged that tension
on the cable will not be transmitted to the connections.

J. Terminals. Terminals to which stage cables are connected shall
be so located as to permit convenient access to the terminals. At
terminals not provided with approved pressure connectors the fol-
lowing construction shall be employed:

1. For conductors of No. 10 or larger, solder lugs shall be used.

2. For conductors smaller than No. 10, the strands shall be
soldered together when connected to clamps or binding screws not
specifically approved as pressure connectors.

SECTION 13-530. MOTION PICTURE STUDIOS
AND SIMILAR LOCATIONS

Order 13-5301. Scope.

The requirements of this section shall apply to a motion picture
studio, exchange, factory or laboratory building, or a portion of the
building in which motion picture films are manufactured, exposed, de-
veloped, printed, rewound, repaired or stored. This section shall not
apply where only approved slow-burning (cellulose acetate or equiva-
lent) film is used.

Note. The Wisconsin State Building Code covers the requirements as
to construction for buildings of this class.

Orxder 13-5302. Sound Recording,
Installations for sound recording shall conform to the provisions
of Section 13-640.

Order 13-5303. Wiring Methods.

The wiring method shall be metal raceways except as provided
in Sections 13-640 and 13-800. Portable cables or flexible cord may
be used on studio stages and at other locations where fixed wiring
methods are impracticable.

Order 13-5304. Side Wall Lamps.

Lampholders on fixtures if less than 8 feet from the floor shall be
equipped with vaportight globes or shall be provided with open end
guards riveted to the outlet box cover or otherwise sealed or locked
in place.
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Order 13-5305. Pendent Lamps,
Pendent lamps shall not be installed in permanent dressing rooms.

Order 13-5306. Lamps at Patching Tables.

At patching tables, composition or metal sheathed porcelain keyless
lampholders shall be employed and shall be equipped with guards to
protect the lamps from mechanieal injury.

Order 13-5307. Lamps in Film Vaults.

In film-storage vaults lamps shall be installed on rigid fixtures
and enclosed in vaportight globes. Lamps shall be controlled by a
double-pole switch located outside the vault. This double-pole switch
shall disconnect from the source of supply all conductors terminating
in any outlet box in the vault, and no conductors other than those
controlled by the double-pole switch shall terminate or pass through
any outlet box in the vault. Electric motors or portable lamps shall
not be placed in the vault.

Order 13-5308. Portable Lamps.

For portable lamps, composition or metal-sheathed porecelain un-
switched lampholders shall be used. The cord shall carry the male end
of a pin-plug connector or equivalent, the female end being of such
design or so hung that the connector will readily break apart at any
position of the cord. The connector shall be kept at least 1 foot from
the floor. The lampholder shall be provided with a guard, hook, and
handle. The provisions of this order shall not apply to portable lamps

used as properties in a motion picture set on a studio stage or similar
location.

Order 13-5309. Flexible Cords,

Types S, 80, SU, SUO or ST cord shall be used on portable lamps
and equipment, except that portable lamps used as stage properties
in a motion picture set on a studio stage or similar location may bhe
used with any approved type of cord with which they may be
equipped. See Table 81 of Chapter 10.

Order 13-5310. Motors and Generators.

If motors or generators having brushes or sliding contacts are used
they shall meet one of the following conditions:

A. Be of the totally-enclosed, enclosed-fan-cooled, or enclosed-
pipe-ventilated types,

B. Be enclosed in separate rooms or housings built of non-com-
bustible materials so constructed as to execlude flyings or lint, and
properly ventilated from a source of clean air.

C. Have brush or sliding-contact end of motor enclosed by solid
metal covers.

D. Have brushes or sliding-contacts enclosed in substantial, tight,
metal housing,

E. Have upper half of brush oy sliding-contact end of the motor
enclosed by a wire screen or perforated metal and the lower half
enclosed by solid metal covers.

——!
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F. Have wire screens or perforated metal placed at the commu-
tator or brush ends. No dimension of any opening in the wire sereen
or perforated metal shall exceed .05 inch, regardless of the shape of
the opening and of the material used.

Order 13-5311. Motor and Generator on Studio Stages,

The provisions of order 13-5310 shall not apply to motors or gener-
ators used on studio stages, but the live parts of such motors or gen-
erators shall be otherwise guarded or enclosed in conformity with
the provisions of order 13-5313,

Order 13-5312. Switches.
Switches shall be of the externally-operable type.

Order 13-5313. Live Parts.
Live parts shall be enclosed to prevent accidental contact by per-
sons or objects. Rheostats shall be enclosed and externally operable.

Order 13-5314, Grounding.

All metal raceways, cable armor, and the exposed metal frames of
all equipment and enclosures shall be grounded, except pendent and
portable lamps operating at not more than 150 volts to ground.

SECTION 13-540. MOTION PICTURE PROJECTORS

Order 13-5401. Professional-Type Projectors.

The professional type of projector, such as is commonly used -in
theaters and motion picture houses, shall be located in an approved
enclosure. Such enclosure shall not be considered as a Hazardous Lo-
cation as defined in Section 13-500.

The professional projector employs a 35 millimeter film w!_linfl is 1%
inch wide and has on each edge 5.4 perforations per inch. (This includes
any projector using nitro-celiuloge film.) . .

Note. The Wisconsin State Building Code contains requ:remcln_ts for
enclosures or booths to use with professional type projectors.

Order 13-5402. Non-Professional Type Projectors.

Projectors of the non-professional or miniature type, if employing
only approved slow-burning (cellulose acetate o equivalent) film,
may be operated without a booth.

Order 13-5403. Sound Recording and Reproduction.
Sound recording and reproduction equipment shall comply with
Section 13-640,

EQUIPMENT AND PROJECTORS OF THE PROFESSIONAL
TYPE

Order 13-5411. Motor-Driven Projectors.
Motor-driven projectors shall be approved for the purpose as an
assembly or shall comply with all of the following conditions:
A. An approved projector shall be used.
B. An approved projector lamp shall be used.
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C. Motors shall be so designed or guarded as to prevent ignition
of film by sparks or arcs.
D. Projectors shall be in charge of a qualified operator,

Order 13-5412, Conductor Size. ,

Conductors supplying outlets for projectors of the professional
type shall not be smaller than No. 8 and shall be of sufficient size
for the projector employed.

Order 13-5413. Conductor Insulation,

Asbestos-covered conductors Type AA or other types of insulated
conductors having a maximum operating temperature of 200 ¢ (392F)
shall be used on all lamps or other equipment when the ambient
temperature at the conductors as installed will exceed 50C (122F).

Order 13-5414. Flexible Cords.

Cords approved for hard service in Table 81 of Chapter 10 shall
be used on portable ‘equipment,

Order 13-5415, Lamp Guards,
Incandescent lamps in projection rooms or booths shall be provided

with an approved lamp guard unless otherwise protected by non-
combustible shades or other enclosures,

Order 13-5416, Location of Equipment,

Motor generator sets, transformers, rectifiers, rheostats, and sim-
ilar equipment, for the supply or control of current to arc lamps on
projectors shall, if practicable, be located in separate rooms, If placed
in the projector room, they shall be so located or guarded that ares
or sparks cannot come in contact with film, and motor generator setg
shall have the commutator end or ends protected as provided in
order 13-5310,

Order 13-5417. Rewinding, Examination and Storage of Extra Films.

It is recommended that the authority having jurisdiction refer to
the standards of the National Board of Fire Underwriters. See Publi-
cation No. 40, Nitrocellulose Motion Picture Film,

Note. Any requirements in the Wisconsin State Building Code shall be
observed.

Order 13-5418. Equipment Prohibited,

No switches, overcurrent devices, or other equipment not normally
required or used for projectors, sound reproduction, flood, or other
special effect lamps or other equipment shall be installed in such
booths or rooms except remote-control switches for the control of
auditorium lights or a switch for the motor operating the curtain
at the motion-picture sereen.

Order 13-5419, Consiruction and Ventilation.

It is recommended that the authority having jurisdiction over
the construction and ventilation of rooms for professional type pro-
jectors refer to the standards of the National Board of Fire Under-
writers on “Nitrocelluloge Motion Picture Film”.
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CONSTRUCTION

Order 13-5431. Equipment and Projectors of the Professional Type.
Equipment and projectors of the professional type shall comply
with the following: : . )
A, Approved Type. Projectors and enclosures for are or inean-

descent lamps, rectifiers, transformers, rheostats, and similar equip--

ment, shall be of an approved type. )

B. Name Plate. Projectors and other equipment as set forth in
paragraph A of this order, shall be marked with the name or trade-
mark of the maker and with the voltage and current for which they
are designed.

Order 13-5432. Projectors of the Non-Professional Type.

Projectors of the non-professional type shall comply with the fol-
lowing:

A. Approved Type. Projectors, lamp enclosures, and current con-
trolling devices and similar devices shall be approved as component
parts of the projector equipment.

B. Name-Plate. Projectors shall be marked with name or trade-
mark of the maker, with the current and voltage for which they
are designed, and for projectors of this type using the stafldard 35
millimeter film, with the wording “For use with slow-burning films
only.” .

C. Source of Illumination. The source of illumination .shall.be a
lamp of a type approved for stereopticon use or for motion picture
projection,

D. Film to Be Marked. The slow-burning (cellulose acetate or
equivalent) film shall have a permanent distinetive marker for ‘1ts
entire length identifying the manufacturer and the slow-burning
character of the film stock. :

Order 13-5433. Booths for Projectors of the Professional Type.
Note. Requirements for boolhs to be used with projectors of the pro-
fessional type will be found in the Wisconzin State Bullding Code.

SECTION 13-560 FARM WIRING

Order 13-5601. General '

Farms contain a variety of different locations from dry to corrosive
and are generally located in areas where it is diffieult to ol?tam
low resistanece grounds. In addition farm animals are of’ten in a
position where they form a path to ground for any electric charge
which may appear on stanchions.

Order 13-5602. Service, o

The electric service may be brought to one point or one blllldtlng
and complete service equipment placed at that p_oint or the service
entrance equipment may be omitted. If the service entrance equip-
ment is placed at one point, disconnect meang shall be placed at eazch
building but service cable and entrance is not necessary. ij service
disconmect means are not located at one point each building shall
have a complete service entrance.
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The water pump may be connected in such a way that the open-
ing of other than its own eircuit protection will not interrupt service
to the pump.

Service equipment and any other outdoor eleetrical equipment
should be placed at least 6 feet above the ground.

Order 13-5603. Grounding.

The neutral conductor and service raceway shall be grounded
at the entrance to each building served. If the water system on the
farm has less than 50 feet of buried pipe in addition to the well the
water system shall be grounded to two made electrodes at least 6 feet
apart.

Note: Any metal stanchions or other metal objects in contact with
animals should be insulated from the metal in contact with the ground
electrode if this 1s possible. Tt may be necessary to install a gravity
feed to water cups or use hoses arranged to drain when shut off, The
metal in contact with animals may be grounded separalely., Additional
protection for animals in stanchions could be provided by bonding all
parls of the stanchions together and placing metal reinforcing rods
bonded to the stanchions in the floor,

The neutral conductor shall be grounded at each building even
though there may be no service entrance equipment. In addition
a ground shall be carried back from metal enclosures of electrical
equipment to the point where the neutral is grounded. The ground

for non-current carrying parts and the neutral shall be tied together
at the grounding point.

Order 13-5604, Wiring.
The following types of wiring may be used for different farm
locations:

A. Spaces where livestock is housed, milk house, utility rooms,
pump houses, cooling rooms, root cellars, silos, chicken coops, and
basements, knob and tube wiring or nonabsorbent (Neoprene jacket)
non-metallic sheathed cable shall be used. In addition, insulated
boxes, lampholders, ducts, and bushings should be used. The type
of insulation recommended is porcelain, If some metal enclosures
must be used they shall be mounted on insulating material out of
contact with masonry. Entrance switches and distribution ecabinets
may be placed outside and this is recommended where corrosive, tem-
perature and moisture conditions within the building warrant.

B. Dry portions of living quarters, any type of wiring system
authorized by this Code may be used,

C. Workshops, storage sheds, shelters, tobacco sheds, any type
of wiring system authorvized by this code may be used.

D. Hay mows and granaries. Any type of wiring authorized
by this code may be used, provided all lam ps are installed in a vertical
position and protected with a dust-tight fixture, all wiring is arranged
or enclosed to keep hay and grain away, and ducts if used arranged
to reduce condensation and to drain,

E. Outside wiring, For outside wiring requirements see Sec-
tion 13-730.
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Chapter 6. Special Equipment

SECTION 13-600. SIGNS AND OUTLINE LIGHTING

Order 13-6001. Scope. _
The provisions of this section shall apply to the installation of con-

ductors and equipment for signs and outline lighting as defined in
order 1020.

Order 13-6002. Switch Required.

Each outline lighting installation, and each sign of other than the
portable type, shall be controlled by an externally-operable switch
which will open all ungrounded conductors and shall be suitable
for conditions of installation, such as exposure to the weather.

Note, The intent of this rule is to prohibit one sign enclosure being

used as a pull box or raceway for conductors supplying other signs or
equipment,

Order 13-6003. In Sight of Sign.

The switch required by order 13-6002 shall be within gight of the
sign or outline lighting which it controls or may be located else-
where if capable of being locked in the open position,

Order 13-6004. Rating.

Switches, flashers, and similar devices controlling transformers
shall be either of a type approved for the purpose, or have a current
rating not less than twice the current rating of the transformers.

Order 13-6005, Grounding,

Signs, troughs, tube terminal boxes and other metal frames shall
be grounded in the manner specified in Section 13-250 of this code,
unless they are insulated from ground and from other conducting
surfaces and are inaccessible to unauthorized persons. This does not
apply to signs of the portable incandescent-lamp type nor to the port-
able fluorescent-lamp type where the open-cireuit voltage does not
exceed 150 volts to ground. Isolated non-current-carrying metal parts
of outline lighting may be bonded by No. 14 conductors and grounded
in accordance with Section 13-250.

Order 13-6006. Load of Branch Circuit.

Circuits shall be so arranged that the number of outlets, lamps, and
transformers connected to them, shall in no case place more than 15
amperes on a branch cireuit,

Order 13-6007. Marking.

All signs shall be marked with the maker's name, and for incan-
descent-lamp signs with the number of lampholders, and for electric
discharge signs with input amperes at full load and input voltage.

e
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Transformers shall be marked with the maker's name, and trans-
formers for electric discharge signs shall be marked with the input
rating in amperes or volt-amperes, the input voltage and the open-
cireuit high-tension voltage. The marking of the sign shall be visible
for inspection after installation. i

Order 13-6008, Enclosures,

Enclosures for signs and outline lighting shall conform to the
Following:

A, Conductors and Terminals, Sign boxes, cabinets, and outline
troughs shall have conductors and terminals, except the supply leads,
enclosed.

B. Cutouts, Flashers, Ete. Cutouts, flashers and similay devices,
if a part of the sign, shall be in a separate compartment. If not a
part of the sign, they shall be enclosed in approved metal boxes
the doors of which shall be arranged so that they can be opened
without removing obstructions or finished parts of the enclosure.

C. Enclosures Exposed to the Weather. Enclosures for outside use
shall be weatherproof and shall have an ample number of drain
holes, each not larger than % inch or smaller than % inch, Wiring
connections shall not be made through the bottoms of enclosures
exposed to the weather unless the enclosures are of the raintight
type.

D. Material. Except for portable signs of the indoor type, signs
and outline lighting shall be constructed of metal or other non-
combustible material. Wood may be used for external decoration if
placed at least 2 inches from the nearest lampholder or current-
carrying part.

E. Strength. Enclosures shall have ample strength and rigidity.

F. Thickness of Metal, Sheet copper shall be at least 20 ounce
(0.028 inch). Sheet steel may be of No. 28 USS gauge (.0149 inch)
except that for outline lighting and for electric discharge signg sheet
steel shall be of No. 24 USS gauge (.0239 inch), unless ribbed, cor-
rugated or embossed over its entire surface, when it may be of No.
26 USS gauge (.0179 inch). -

G. Protection of Metal., All metallic parts of enclosures shall be
galvanized or otherwise protected from: corrosion.

Order 13-6009. Portable Gas Tube Signs.

All gas tube signs not coming within the definition of portable shall
be wired in accordance with the code rule. Satisfactory portable signs
may be installed by connection with portable cord.

Note. As applied to Neon or gas tube signs, portable means less than
76 pounds in weight and 10 square feet over the largest surface, with all
high tension wires and tube terminals within the sign enclosure proper,
and the tubes or lamps fastened only to and not extending heyond the
sign surface or background, All portable gas tube signs shall have the
metal enclosure grounded by a three-wire cord connected to a three-
point receptacle and the vortable cord shall be limited {o six feet in
length,
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Order 13-6011. Tube Terminals.

The terminals shall be so designed that the tubing can be replaced
without the necessity of exposing uninsulated live parts. If the spring
contaet type of receptacle is used, it shall be so designed that, even
with the tube removed, the live spring will be recessed a distance
equal to threec times the diameter of the receptacle opening. It is rec-
ommended that the primary cireuit be controlled by a relay that will
open the circuit when a tube in the secondary circuit is broken or
removed. Live parts shall be protected by barriers which require other
than ordinary tools such as pliers and screw-drivers for removal unless
access to the parts requires the disconnection of the primary ecircuit.
(See Order 13-4202)

SIGNS AND OUTLINE LIGHTING—600 VOLTS OR LESS

Order 13-6021. Installation of Conductors. :
Conductors shall be installed as follows:

A, Method of Wiring. Conductors shall be installed as open con-
ductors on insulators, or in rigid metal conduit, flexible metal conduit,
electrical metallic tubing, armored eable, or metal troughing.

B. Insulation and Size. Conductors shall be of a type approved
for general use and, except in portable signs and for short leads per-
manently attached to lampholders or ballasts, shall be not smaller
than No. 14.

C. Exposed to the Weather. Conductors in rigid conduit, electrical
metallic tubing, flexible metal conduit, armored cable, or in metal
troughing exposed to the weather, shall be of the lead covered type or
other type specially approved for the conditions, except where rigid
conduit, electrical metallic tubing, or enclosures are made raintight

~and arranged to drain.

D. Number of Conductors in Raceway. For sign flashers the number
of conductors in conduit or tubing may be in accordance with Table 9
of Chapter 10.

E. Open Conductors. Open conductors on insulators shall ecomply
with the provisions of Orders 13-3002 to 13-3020 inclusive, Section
13-300, and, if outdoors, Section 13-730, except that the separation
between conductors need be only 2 inches; provided, that open conduc-
tors may be supported by lampholders located not more than 1 foot
apart. )

F. Conductors Soldered to Terminals, Where the conductors are
fastened to lampholders other than of the pin type, they shall be
soldered to the terminals and the exposed parts of conductors and ter-
minals shall be treated to prevent corrosion, Where the conductors
are fastened to pin type lampholders which protect the terminals from
the entrance of water, and which have been found acceptable for sign
use, the conductors shall be of the stranded type but need not be
soldered to the terminals,
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Order 13-6022. Lampholders.

Laz:npholders shall be of the unswitched type having bodies of suit-
able insulating material and shall be so constructed and installed as
to prevent turning. Miniature lampholders ghall not be employed for
outdoor signs and outline lighting.

SIGNS AND OUTLINE LIGHTING—EXCEEDING 600 VOLTS

Order 13-6031. Installation of Conductors.

Conductors shall be installed as follows:

A. Wiring Method. Conductors shall be installed as open work, as
concealed conductors on insulators, or in rigid or flexible metal con-
duit or electrical metallic tubing. Conductors may be run from the
end.s of tubing to the grounded midpoint of transformers specifically
designed for the purpose and provided with terminals at the mid-

point. Where such connections are made to the transformer grounded

midpoint, the connections between the high voltage terminals of the
transformer and the line ends of the tubing shall be as short as
possible,

B. Imsulation and Size. Conductors shall be of a type approved for
the purpose and for the voltage of the cireuit, and shall be not smaller
than No. 14,

C. Bends in Conductors. Sharp bends in the conductors shall be
avoided. :

D. Open Conductors—Indoor. Open conduetors indoors shall be
mounted on non-combustible, non-absorptive insulators. Insulators of
poreelain shall be glazed on all exposed surfaces. A separation of at
least 114 inches shall be maintained between conductors and between
conductors and other objects, Conductors shall not be located where
subject to mechanical injury. .

E. Concealed Conductors on Insulators—Indoors. Concealed con-
duectors on insulators shall be separated from each other and from
all o_bjects other than the insulators on which they are mounted by a
spacing of not less than 1% inches for voltages above 10,000 volts,
and not less than 1 inch for voltages of 10,000 or less. They shall be
installed in channels lined with non-combustible material and used
for no other purpose, except that the primary circuit conductors may
be in the same channel. The insulators shall he of non-combustible
non-absorptive material, ,

F. Show Windows and Similar Locations. If conductors hang freely
in the air, away from combustible material, and if not subject to
mechanieal injury, as in some show window displays, they need not
be otherwise protected.

G. Conductors in Raceways. If the conductors are covered with lead
or other metal sheathing, the covering shall extend beyond the end
of the raceway, and the surface of the cable shall not be injured
where the covering terminates, In damp or wet locations, the insula-
tion on all conductors shall extend beyond the metal covering oy
raceway at least 4 inches for voltages over 10,000, 3 inches for volt-
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ages over 5,000 but not exceeding 10,000 and 2 inches for voltages of
5,000 or less. In dry locations the insulation shall extend beyond the
end of the metal covering or raceways not less than 2% inches for
voltages over 10,000, 2 inches for voltages over 5,000 but not ex-
ceeding 10,000 and 1% inches for voltages of 5,000 or less. For con-
ductors at grounded midpoint terminals, no spacing is required. Not
more than 20 feet of cable from a single transformer shall be run
in metal raceway where the potential between the cable and the
raceway is more than 5,000 volts.

H. Open Conductors—Outdoors. Open conductors outdoors shall
be mounted on non-combustible, non-absorptive insulators. Insulators
of porcelain shall be glazed on all exposed surfaces, A separation of
at least 2 inches shall be maintained between conductors and between
conductors and other objects. Where subject to mechanical injury or
where within reach from ground, roof, or window, conductors shall be

. enclosed in raceways or suitably guarded. If guarded, a spacing of
not less than 134 inches shall be maintained between conductors and
the enclosure unless the enclosure is non-conducting and mnon-
combustible.

Order 13-6032. Transformers,
Transformers shall comply with the following:

A. Voltage. The transformer secondary open-cireuit voltage shall
not exceed 15,000 volts with an allowance on test of 1000 volts addi-
tional. In end-grounded transformers the secondary, open-circuit
voltage shall not exceed 7,500 volts with an allowance on test of 500
volts additional.

B. Type. Transformers shall be a type approved for the purpose
and shall be limited in rating to a maximum of 4500 volt-amperes.
Open core-and-coil type transformers shall be limited to 5,000 volts
with an allowance on test of 500 volts, and to indoor applications in
small portable signs. Transformers for outline lighting installations
shall have secondary current ratings not in excess of 30 milliamperes
unless they and all wiring connected to them are installed in accord-
ance with the provisions of Section 13-410 for electric discharge
lighting of the same voltage.

C. Faxposed to Weather. Transformers used outdoors shall be of
the weatherproof type or shall be enclosed in the sign body or in a
separate metal box.

D. Transformer Secondary Connections. The high-voltage windings
of transformers sghall not be connected in parallel; and shall not be
connected in series, except that two transformers each having one
end of its high-voltage winding connected to the metal enclosure
may have their high-voltage windings connected in series to form
the equivalent of a midpoint grounded transformer. The grounded
ends shall be connected by insulated conductors not smaller than
No. 14.

E. Accessibility. Transformers shall be accessible.
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Order 13-6033. Tubing,
Electric discharge tubing shall conform to the following:

A. Design. The tubing shall be of such length and design as not
to cause a continuous over-voltage on the transformer,

B. Support. Tubing shall be adequately supported on non-com-
bustible, non-absorptive supports. Tubing supports should, if praec-
ticable, be adjustable.

C. Contact with Flammable Muterial and Other Surfaces, The tub-
ing shall be free from contact with flammable material and shall be
located where not normally exposed to mechanical injury. If oper-
ating in excess of 7,500 volts, the tubing shall be supported on non-
combustible, non-absorptive, insulating supports which maintain a

spacing of not less than %4 inch between the tubing and the nearest
surface.

Order 13-6034. Terminals and Receptacles for Electric Disc}iarge
Tubing.

Terminals and receptacles for electric discharge tubing shall com-
ply with the following:

A. Terminals, The terminals of the tubing shall be inaccessible
to unqualified persons and isolated from combustible material and
grounded metal or shall be enclosed. If enclosed they shall be sepa-
rated from grounded metal and combustible material by mnon-com-
bustible, non-absorptive, insulating material approved for the pur-
pose or by 1% inches of air. Terminals shall be relieved from stress
by the independent support of the tubing.

B. Tube Connections Other Than With Receptacles. 1f tubes do
not terminate in receptacles designed for the purpose, all live parts
of tube terminals and conductors shall be so supported as to maintain
a separation of at least 1% inches between conductors or between
conductors and any grounded metal.

C. Receptacles. Electrode receptacles for the tubing shall be of
non-combustible, non-absorptive ingulating material approved for the
purpose.

D. Bushings, Where electrodes enter the enclosure of outdoor signs
or of an indoor sign operating at a voltage in excess of 7500 volts,
bushings shall be used unless receptacles are provided or the sign is
wired with bare wire mounted on approved supports which maintain
the tubing in proper position. Bushings shall be of non-combustible,
non-absorptive material. Where bare wiring is used, the conductor
shall be not less than No. 14 solid copper, shall be supported so as to
prevent sagging and lessening of the spacing required elsewhere in
this section, and electrode terminal assemblies shall be of an ap-
proved type and supported not more than 6 inches from the electrode
terminals. '

E. Show Windows. In the exposed type of show window signs,
terminals shall be (1) enclosed by receptacles approved for the pur-
pose or (2) where hanging in air, free from grounded surfaces,
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enclosed in sleeves of vulcanized fiber, phenolic composition, or vther
suitable material which overlaps all live parts by at least 14 inch.,

F. Receptacles and Bushing Seals. A flexible, non-condueting seal
may be used to close the opening between the tubing and the recep-
tacle or bushing against the entrance of dust or moisture. This seal
shall not be in contact with grounded conductive material and shall
not be depended upon for the insulation of the tubing.

G. Enclosures of Metal. Metal enclosures for electrodes shall be of
not less than No. 24 USS gauge (.0239 inch) sheet metal.

H. Enclosures of Insulating Material, Enclosures of insulating ma-
terial shall be non-combustible, non-abhsorptive and approved for the
voltage of the ecircuit,

Order 13-6035. Switches on Doors,

Doors or covers giving access to uninsulated parts of indoor signs
or outline lighting exceeding 600 volts and accessible to the general
publie, shall either be provided with interlock switches which on the
opening of the doors or covers disconnect the primary circuit, or shall
be so fastened that the use of other than ordinary tools will be
necessary to open them.

Order 13-6036, Marking.

All signs shall be marked with the maker’s name, and for incan-
descent-lamp signs with the number of lampholders, and for electric
discharge signs with input amperes at full load and input voltage.
Transformers shall be marked with the maker's name, and trans-
formers for electric discharge signs shall be marked with the input
rating in amperes or volt-amperes, the input voltage and the open-
cireuit high-tension voltage. The marking of the sign shall be visible
for inspection after installation.

Order 13-6037. Enclosures.

Enclosures for signs and outline lighting shall conform to the
following:

A. Conductors and Terminals. Sign boxes, cabinets, and outline
troughs shall have conductors and terminals, except the supply leads,
enclosed.

B. Cutouts, Flashers, Fte. Cutouts, flashers, and similar devieces
shall be enclosed in metal boxes, the doors of which shall be arranged
so that they can be opened without removing obstructions or finished
parts of the enclosure.

C. Enclosures Ewposed to Weather. Enclosures for outside use
shall be weatherproof and shall have an ample number of drain holes,
each not larger than 1% inch or smaller than 3% inch.

D. Material. Except for portable signs of the indoor type, signs
and outline lighting shall be constructed of metal or other mon-
combustible material. Wood may be used for external decoration if
placed at least 2 inches from the nearest lampholder or eurrent carry-
ing part.
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E. Strength. Enclosures shall have ample strength and rigidity.

F. Thickness of Metal. Sheet copper shall be at least 20 ounce
(0.028 inch). Sheet steel may be of No. 28 USS gauge (.0149 inch)
except that for outline lighting and for clectric discharge signs sheet
stecl shall be of No. 24 USS gauge (.0239 inch), unless ribbed, cor-
rugated or embossed over its entire surface, when it may be of No.
26 USS gauge (.0179 inch).

G. Protection of Metal. All metallic parts of enclosures shall be
galvanized or otherwise protected from corrosion.

SECTION 13-610, CRANES AND HOISTS
Order 13-6101. Scope.
The provisions of this section shall apply to the installation of

cranes, crane runways, hoists, and monorails, Installations in hazard-
ous locations shall comply with the provisions of Order 13-5083,

WIRING

Order 13-6111. Types of Conductors,

Conductors shall be of the rubber-covered or the thermoplastic type
except:

A. Fzposed to High Temperatures. Conductors exposed to severe
external heat, and those between resistors and contact plates, if not
exposed to moisture, shall be asbestos insulated (Types AA or AIA),
or if the temperature does not exceed 90C (194F), slow-burning
(Type SB). If exposed to moisture, such conductors shall be rubber-
covered or Type AVL. If rubber-covered conductors are grouped, the
group shall be taped with a flameproof covering.

B. Contact Conductors. Contact conductors along runways, crane
bridges and monorails may be bare and may be of hard drawn cop-
per, or aluminum, or steel in the form of tees, angles, tee rails, or
other stiff shapes. :

C. Flexible Conductors. Flexible conductors may be used to convey
current and where practicable, cable reels or take-up devices may be
employed.

D. Varnished Cambric Conductors. Varnished-cambric conductors
(Type V) or asbestos varnished cambric (Types AVA and AVB) may
be used in dry locations.

Order 13-6112. Conductor Sizes,

Conductors shall be of the following sizes:

A, Current-carrying Capacity. The allowable current-carrying
capacities of conductors shall be as shown in the following table:

The allowable current-carrying capacities of conductors having
other than rubber or thermoplastic insulation, supplying motors of
b-, 15-, 80-, or 60 minute ratings, shall be as given in Tables 1 and 2,
Chapter 10, inereased by 10 per cent.

I"ar the carrying capacity of conductors hetween conlrollers anid
resistors see Order 135-4313,
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Current-carrying Capacities of Conductors Having Rubber or
Thermoplastic Insulation Which Supply Crane
and Hoist Motors

AMPERES
Sizo For Motora Having | For Motars Having
AWG 30- and 60-Minute 5- and 15-Minute
MCM Short-Time Ratings | Short-Time Ratings
' S S 10 11
L R R e 20 22
12_ = = ~maae m—_ s 256 28
e R e e e i e Tt 85 39
B . 45 50
57 63
6o T2
77 85
90 99
107 118
130 143
160 176
195 215
245 270
300 330
350 386
410 450
460 610
516 b70
h6b 620
620 GBO

B. Minimum No. 14. Conductors shall not be smaller than No. 14
except:
1. On small cranes and hoists, No, 16 may be used provided the
conductors are protected against mechanical injury.
2. On operating cireuits, No, 16 may be used provided the con-
ductors are protected against mechanical injury.
C. Contact Conductors. The size of contact wires shall be not less
than the following:

Size of

Distance between end strain insulators wire
0-80 fORE. oo e e pommiine HIgRl
bk R T e S e I o g e S B TR e --- No. 4
T e e e e - No. 2

Order 13-6113. Wiring Method.

Conductors shall be enclosed in raceways, except:

A, Bare Conductors. Bare conductors may be used as contact con-
ductors.

B. Open Conductors. Short lengths of open conductors at resistors
and collectors need not be enclosed.

C. Flexible Connections. Where flexible connections are necessary
to motors and similar equipment, flexible metal conduit, armored
cable, multiple conductor rubber-covered cable or an approved non-
metallic enclosure may be employed. Approved take-up reels or other
approved methods of protecting the multiple conductor cable against
injury shall be provided.
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D. Pendent Push-Button Stations. Where multiple conductor cable
is used with a suspended push-button station, the station must be
supported in some satisfactory manner that will protect the electrical
conductors against strain.

Order 13-6114, Raceway Terminal Fittings.

Conductors leaving raceways shall comply with the provisions of
Orders 13-3008 and 13-3009,

Order 13-6115. Common Return.

If a erane or hoist is operated by more than one motor, a common
return conductor of proper current carrying capacity may be used.

CONTACT CONDUCTORS

Order 13-6121. Installation of Contact Conductors.
Bare contact conductors shall conform to the following:

A. Contact Wires. If wires are used as contact conductors they
shall be secured at the ends by means of approved strain insulators
and shall be so mounted on approved insulators that the extreme
limit of displacement of the wire will not bring the latter within less
than 1% inches from the surface wired over.

B. Supports Along Runways. Main contact conductors carried along
runways shall be supported on insulating supports placed at intervals
not exceeding 20 feet, and these supports shall be insulating except
for grounded rail eonductors as provided in paragraph E of this or-
der. Such conductors shall be separated not less than 6 inches except
for monorail hoists where a spacing of not less than 3 inches may be
used. Where necessary, intervals between insulating supports may
be increased up to 40 feet, the separation between conductors being
inereased proportionately.

C. Supports on Bridges. Bridge contact conductors shall be kept
at least 2% inches apart and, if the span exceeds 80 feet, insulating
saddles shall be placed at intervals not exceeding b0 feet.

It is recommended that the distance between wires be greater than
2% inches where practicable.

D. Supports for Rigid Conductors. Conductors along runways and-
crane bridges, if of the rigid type specified in Order 13-6111B, shall
be carried on insulating supports spaced at intervals of not more
than 80 times the vertical dimension of the conductor, but in no case
greater than 15 feet, and spaced apart sufficiently to give a clear
electrical separation of conductors or adjacent collectors of not less
than 1 inch.

E. Track as Cirewit Conductor, Monorail, tramrail or erane-runway
tracks may be used as a conductor of current for one phase of a
three-phase alternating-current system furnishing power to the car-
rier, crane or trolley, provided the following conditions are fulfilled:

1. The conductors for supplying the other two phases of the
power supply shall be insulated.
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2. The power for all phases shall be obtained from an insulating
transformer,

3. The voltage shall not exceed 200 volts.

4. The rail serving as a conductor shall be effectively grounded
at one point only, preferably at the transformer,

F. Electrical Continuity of Contact Conductors. All sections of
bare rigid contact conductors shall be mechanically joined to provide
a continuous eleetrical connection,

G. Not to Supply Other Equipment. Contact conductors shall not
be used as feeders for any equipment other than the erane or cranes
which they are primarily designed to serve.

H. Isolating or Guarding Contact Conductors. Except in loeations
to which only qualified persons are admitted, contact conductors shall
be so isolated by elevation or be provided with suitable guards so
arranged that persons eannot 'maﬁvertcntly touch the current-carrying
parts while in contact with the ground or with conducting material
connected to the ground.

Order 13-6122. Collectors,

Collectors shall be so designed as to reduce to a minimum spark-
ing between them and the contact conductor, and when operated in
roomsg used for the storage of easily ignitible eombustible fibers and
materials the requirements of Order 13-5083 shall be complied with.

CONTROL

Order 13-6131. Runway Conductor Disconnecting Means.

A disconnecting means shall he provided between the runway con-
tact conductors and the power supply. Such disconneeting means
shall consist of a motor-cirenit switch or circuit-breaker, except that
a general-use switch may be used when the disconnecting means is
provided in accordance with Order 13-6132. This disconnecting means
shall be readily accessible and operable from the ground, shall be
arranged to be locked in the open position, shall open all ungrounded
conductors simultaneously, and shall be placed within sight of the
crane or hoist and the runway contact conductors.

Order 13-6132. Disconnecting Means for Crane.

If cranes are operated from cages or cabs, a motor-cireuit switch
or civeuit-breaker shall be provided in the leads from the runway
contact conductors. The switch or circuit-breaker shall be in the cage
or cab or mounted on the bridge and operable from the cage or cab
when the trolley is at one end of the bridge.

Order 13-6133. Rating of Disconnecting Means for Crane,

On both alternating-current and divect-current erane protective
panels, the continuous ampere rating of the switch or civeuit-breaker
required by Order 13-6132, and main-line contactors, shall be not less
than 50 per cent of the combined short-time ampere ratings of the

e
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motors, nor less than 75 per cent of the sum of the short-time ampere
ratings of the motors required for any single erane motion.

Order 13-6134. Limit Switch.

A limit switch shall be provided for upper limit of travel of crane
hoists.

OVERCURRENT PROTECTION

Order 13-6141. Contact Conductors,

The main contact conductors shall be protected by an overcurrent
device,

Order 13-6142. Crane Motors.

If more than one motor is employed on a crane, each motor shall
have individual overcurrent protection as provided in Section 13-430,
except that if two motors operate a single hoist, carriage, truek, or
bridge, and are controlled as a unit by one controller, the pair of
motors with their leads may be protected by a single overcurrent
device which shall be located in the cage or cab if there is one.

Order 13-6143. Resistors—Enciosure.

If a crane operates over readily combustible material, the resistors
shall be placed in a well-ventilated cabinet composed of non-
combustible material so constructed that it will not emit flames or
molten metal, except where the resistors are located in a eage or cab
constructed of non-combustible material which encloses the sides of
the cage or cab from the floor to a point at least § inches above the
top of the resistors, ’

Order 13-6144, Grounding,

Motor frames, tracks, the entire frame of a crane or hoist, and
cases of controllers shall be grounded in the manner specified in See-
tion 18-250, Smal portable hoists shall be grounded when required
by Order 13-2545,

SECTION 13-615. TROLLEY CONDUCTORS

Order 13-6151, Scope.

The provisions of this section shall apply to installations of trolley
wires and feeders for supplying electrie locomotives and ecars.
Order 13-6152. Insulation of Trolley Wires,

Trolley wires shall have at least two separate and distinet insula-
tions from the ground. A wooden pole or structure shall be consid-
ered as one insulation.

Order 13-6153. Control of Trolley Wires and Feeders,

Trolley wires and feeders shall be provided with a meansg by which
they can be disconnected from their source of eurrent,
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SECTION 13-620. ELEVATORS

(See Wisconsin State Elevator Code for construetion requirements.)

Order 13-6201. Scope.

This section shall apply to the electrical equipment and wiring used
in connection with elevators and dumbwaiters, Installations in hazard-
ous locations shall also comply with Section 13-500. Installations in
garages shall also comply with Section 13-510,

Order 13-6202. Voltage Limitations,

The following voltage limitations shall apply to elevator control
and operating equipment:

A. Car Control System. No part of any electric cireuit having a
voltage in excess of 750 shall be used on any car control system.
Circuits of higher voltage may be used in machine rooms or pent-
houses for the operation of motors and brakes, provided that all con-
trol and signal wiring is thoroughly insulated from such power cir-
cuits, and all machine frames and metal, hand operated ropes are
bermanently grounded.

B. Elevator Control Device. The maximum voltage permitted on
elevators hereafter installed shall not exceed 300 volts to ground on
any elevator operating devices in the car, or at the landing, including
push buttons of the elevator signalling eircuit,

C. Push Buttons. The maximum voltage permitted on the push
buttons of elevator signalling cireuits shall he 300 volts to ground.

Order 13-6203. Live Parts Enclosed.

All live parts of electrical apparatus in or on elevator cars or in
elevator hoistways shall be enclosed to protect against aceidental
contact.

Order 13-6204. Insulation of Conductors,

The insulation of conductors installed in or on elevator equipment
shall comply with the following:

A. In Auziliory Gutters, In auxiliary gutters used in machine
rooms, under controllers, starters and similar apparatus for elevator
machines, conductors shall be of the rubber-covered or thermoplastic-
covered type.

B. Control-Panel Wiring. Conductors between main cireuit resistors
and the back of control panels shall be suitable for an operating
temperature of not less than 90C (194F). All other wiring on control
panels, unless subjected to a temperature exceeding 60C (140F),
shall be of the rubber-covered or thermoplastic-covered type or shall
be of other type specially approved for the purpose.

C. Elevator Controller Circuits, Conductors or groups of conductors
having flame retardant outer covering shall not be used as connections
for the operating cireuits of elevator controllers unless such oute_r
covering is also moisture resistant,
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Asbestos and other moisture absorbing coverings are not recom-
mended for the operating circuit, as the covering when damp may carry
enough current to ecause the controller to funection incorrectly and this
incorreet Tunctioning may be a life hazard. .

D. Traveling Cables. Traveling cables used as flexible connections
between the car and the hoistway shall be Types E or EO elevator
cable, or other approved type, and shall have gz flame-retardant and
moisture-resistant outer covering,

E. Fized Wiring, For wiring for elevator operating, control cir-
cuits, and signalling circuits, conductors shall be rubber-covered or
thermoplastic-covered with insulation of not less than 2/64 inch in
thickness.

Order 13-6205, Minimum Size of Conductors,

The minimum size of conductors for elevator wiring shall be as
follows:

A. For lighting circuits, No, 14, except that for flexibility two

- or more No, 16 conductors may be used in parallel in traveling cables

and on the car.

B. For elevatoy operating and control circuits, No, 16.
C. For signal circuits and for fixtures, No, 18.

Order 13-6208. Wiring Method,

The following wiring methods shall be employed:

- In Hoistways. Conductors loeated in the hoistway, except travel-
ing cables and conductors used in signal systems of Classes 1 or 2,
shall be installed in rigid eonduit or electrical metallie tubing, except
that flexible conduit or armored cable may be used between riser and
limit switches, interlocks, push buttons or similar devices.

B. On the Car, Conductors and traveling cables on the car shall
be run in rigid conduit, electrical metallie tubing or wireways; except
that short rung of:

1. Flexible conduit or armored cable may be used if so located
as to be kept free from oil, and securely fastened in place,

2. Type §, S0, 8U, or SUO cord may be used as the flexible eon-
nection between the fixed wiring on the car and the switch on the
car door or gate if securely fastened in a position not liable to
mechanical injury.

C. Between Motoys, Generators and Control Panels. The conductors
of circuits between motors, generators, and contro] panels may be
grouped without any additional insulation of the separate conductors
if the complete group is either taped or corded, and such covering
properly painted with an insulating paint; provided that such con-
ductors are not over 6 feet long, are supported at intervals not more
than 8 feet and are not so located as to be subject to mechanical
damage, If motor-generators are used with elevatoy motors and both
are located adjacent to op underneath the control equipment and are
provided with extra length terminal leads, such leads may be extended
to connect directly to the elevator controller or motor-generator
starter terminal studs without regard to the carrying capacity rve-
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quirements of Sections 13-430 and 13-445; provided, that no such
lead is longer than 6 feet,

Where continuity of elevator service is of wvital importance, it is rec-
ommended that feeders serving such elevators be so installed that the

clevator service is not likely to be interrupted in cage of a fire in the
building,

INSTALLATION OF CONDUCTORS

Order 13-6211, Raceway Terminal Fittings.
Conductors leaving raceways shall comply with the provisions of

Orders 13-3008 and 13-3009, but in no case shall the raceway ter-
minate less than 6 inches from the floor.

Order 13-6212, Split Fittings,

Split fittings or clamp fittings may be used on exposed conduit or
clectrical metallic tubing except where the conduit or tubing contains
feeders,

Order 13-6213, Supports.

Supports for pipes, conduits, and armored cable shall be securely
fastened to the guide rail or hoistway construction.

Order 13-6214. Number of Conductors in Raceway,

The number of operating and control cireuit conductors installed in
a raceway may be in accordance with Table 9 of Chapter 10.

Order 13-6215, Auxiliary Gutters,

The restrictions of Order 13-3742 as to length of auxiliary gutters,
and of Order 13-3745 as to number of conductors in auxiliary gutters,
shall not apply.

Order 13-6216. Lighting and Signal Cireuits Separate,
Conductors of car lighting cireuits, and signal systems when not an

integral part of the elevator wiring system, shall be separated and
run in separate traveling cables and raceways,

Order 13-6217. Different Systems in One Cable or Raceway.

Conductors for elevator circuits, including operating, control and
power conductors, and signal conductors when an integral part of the
wiring system, may be run in the same traveling cable or raceway
system when the power supply is from the same source, even though
the characteristics of the voltage and/or current may be changed
within the system by rectifying, transforming or other converting
devices supplied from the elevator feeder circuit; provided that all
conductors are insulated for the maximum voltage found in the cable
or raceway system, and the live parts of the equipment are insulated
from ground for this maximum voltage. Such a traveling cable or
raceway may also include a pair of telephone conductors to serve a
telephone in the car, provided such conductors are insulated for the
maximum voltage found in the cable or raceway system.
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Order 13-6218. Foreign Wires.

No electric conduit or cables, except those used to furnish or con-
trol power, light, heat or signals for the elevator or hoistways, shall
have an opening, terminal, outlet or Junction within the hoistway, but
shall be continuous between outlets or terminals situated entively
outside the hoistway.

It is not intended to prohibit the interruption of long runs for the

purpose of supporting or pulling in conductors, and pull boxes may be
installed for this purpose,

TRAVELING CABLES

Order 13-6231. Cable Assembly,

Traveling cables for cireuits other than signal shall be of a com-
posite assembly of steel and copper strands or may have one or more
supporting fillers of cotton or hemp rope, or of cotton-covered or
rubber-covered steel wire laid up with the conductors under the outer
covering of the cable. In eables containing six or more conductors
the steel supporting strands shall run straight through and not be
cabled with the conductors,

Order 13-6232. Suspension.

Traveling cables for all signal circuits, and for all other circuits
not over 100 feet in length, may be suspended by suitable clampg if
the cables are so constructed that the weight of the cable is not car-
ried by the individual conductors,

Order 13-6233. Hazardous Locations.

In hazardous locations, traveling cables shall be secured to explo-
sion proof ecabinets by heavy-duty rubber-bushed threaded connector
bushings sealed off at the enclosure as provided in Order 18-5015.
For traveling cables for use in hazardous locations see Table 31.

Order 13-6234. Protection for Swinging Cables,

Wherever the traveling cables in swinging may come in contact
with prejections or corners of the building construction in the hoist-
way, such as I-beams, ledges and the like, such irregular surfaces
shall be made smooth by covering with heavy gauge sheet metal or
other suitable means,

CONTROL

Order 13-6241. Disconnecting Means,

A manually operated circuit-breaker or disconnecting switch of the
enclosed type opening all eonductors shall be installed separately in
the supply cireuit of every electrically driven elevator machine, dumb-
waiter or motor generator set hereafter installed. This switch shall
be provided with proper overcurrent protection. No provision shall be
made to close the disconnecting switch from any other part of the
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building. This switch shall be located where visible from the elevator
machine or motor generator set, unless special permission is given to
locate it elsewhere.

Note. It is recommended that this switch be located in the machine
room at the lock jamb side of the entrance door.

Order 13-6242, Limit Switches.

Every electric elevator with an electric brake shall be equipped
with final limit switches at each terminal of travel which shall auto-
matically interrupt the power ecircuits and stop the car in case of
overtravel, except on electric oil hydraulic elevators.

Every electric elevator with an electric brake shall be equipped

with directional limit switches' at each terminal of travel. Limit
switches as outlined above shall be mounted on the guide rails and
directly operated by a cam attached to the car.
. Every electrie drum type elevator with a mechanical brake shall
be equipped with an apptoved machine automatic terminal stopping
device, which shall automatically stop the machine in the event the
car over-travels either of the terminal landings.

Note: See Section 13-510 for elevators located in garages. See Wis-
consin Elevator Code.

Order 13-6243. Phase Protection.

Eleetric elevators driven by polyphase alternating current motors
shall be equipped with a deviee (reverse phase relay) which shall
prevent starting the motors if:

A. The phase rotation is in the wrong direction, or

B. There is a failure in any phase.

Exception: Electric elevators, equipped with final limit switches as
outlined in Order 15-6242 and arranged to cut all wires, or all except
one, which shall be the grounded conductor on grounded systems, and

80 connected that after the car over-travels it cannot be moved until
<he phase reversal is corrected,

OVERCURRENT PROTECTION

Order 13-6251. No. 18 Conductors.

If No. 18 conductor is used for signal circuits, it shall be protected
by fuses rated at not to exceed 3 amperes.

MACHINE ROOM

Order 13-6261. Guarding Equipment,

The elevator machine and controller shall be installed in a room set
aside for that purpose, or isolated by elevation or by means of an
enclosure or wire grille or the like, to prevent accidental contact by
persons or objects. This room may also contain other machinery used
for the control and signaling of the elevator,
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Order 13-6262. Clearance Around Control Panels.

The following clearances shall be provided :

A. Grouped Panels. If a group of three or more elevator control
panels having wiring on the rear is located in a single machine room,
there shall be a working space of at least 86 inches back of the live
parts, and not less than 18 inches on at least one side of the group.
There shall also be at least 36 inches of working space in front of
the panels.

B. Single or Double Panels. An installation consisting of one or
two panels shall have at least 24 inches working space in the rear,
and at least 36 inches working space in the front of the panel or
panels; and there shall be at least 18 inches working space on one
side if the panel is single, and on each side if the panel is a double
one. Smaller clearances may be authorized in certain specific cases by
special permission,

This is not intended to forbid mounting controllers on the machine,
enclosing the rear of control panels in removable cabinets, nor the
placing of auxiliary equipment in front or rear of control panels, pro-
vided the working space is not appreciably restricted, If such cabinets

are installed, the preseribed dimensions of clear space apply when the
back of the cabinet is removed,

GROUNDING

Order 13-6271. Metal Raceways Attached to Cars.

Conduit or armored cable attached to elevator cars shall be bonded
to grounded metal parts of the car with which they come in contact.

Order 13-6272. Electric Elevators.

For electric elevators, the frames of all motors, elevator machines,
controllers and the metal enclosures for all electrical devices in or on
the car or in the hoistway shall be grounded.

Order 13-6273. Non-Electric Elevators.

For elevators other than electric, if any electrical conductors are
attached to the car, the metal frame of the car, if normally accessible
to persons, shall be grounded.

Order 13-6274. Hand-Operated Cables,
All hand-operated metallie shifting ropes or cables shall be grounded,

Order 13-6275. Inherent Ground.

Equipment mounted on members of the structural metal frame of a
building, shall be deemed to be grounded if building frame is grounded
in accordance with Section 13-250. Metal car frames supported by
metal hoisting cables attached to or running over sheaves or drums
of elevator machines shall be deemed to be grounded when the machine
is grounded in accordance with Section 13-250,
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SECTION 13-630. ELECTRIC WELDERS

Order 13-6301. Scope.

This section amplifies or modifies parts of Chapters 1 to 4 inclusive
of this code in order to properly cover the operating conditions to
which electric welder installations are subjected. Accordingly the
appropriate provisions of Chapters 1 to 4 inclusive apply to the com-
ponent parts of electric welder installations except as otherwise pro-
vided in this section. This section covers extensively used types of
welders which require special treatment, as distinguished from weld-
ers which do not require special treatment and welders not in common
use and not vet developed to the extent that rating and construection
standards are possible.

TRANSFORMER ARC WELDERS

Order 13-6311. Capacity of Supply Conductors.
The current-carrying capaecity of conductors shall be as follows:

A. Individual Welders, The rated current-carrying capacity of the
supply conductors shall be not less than the rated primary current of
the welder.

B. Group of Welders. The rated current-carrying capacity of con-
ductors which supply a group of welders may be less than the sum of
the rated primary currents of the welders supplied. The conductor
rating shall be determined in each case according to the welder load-
ing based on the use to be made of each welder and the allowance
permissible in the event that all the welders supplied by the condue-
tors will not be in use at the same time. The load value used for each
welder shall take into account both the magnitude and the duration of
the load while the welder is in use.

Conductor ratings based on 100 per cent of the rated primary current
of the two largest welders, 85 per cent for the third largest welder,
70 per cent for the fourth largest welder, and 60 per cent of the rated
primary current for all the remaining welders, should provide an ample
margin of safety under high production conditions with respect to the
maximum permissible temperature of the conductors, Percentage values

lower than those given are permissible in cases where the work ig such
that a high operaiing duty cyele for individual welders is impossible.

Order 13-6312. Overcurrent Protection.

Overcurrent protection ghall be as provided in paragraphs A and B.
If the nearest standard rating of the overcurrent device used is under
the value speeified in this order or if the rating or setting specified
results in unnecessary opening of the overcurrent device, the next
higher rating or setting may be used.

A. For Welders. Each welder shall have overcurrent protection
rated or set at not more than 200 per cent of the rated primary cur-
rent of the welder, except that an overcurrent device is not required
for a welder having supply conductors protected by an overcurrent

*
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device rated or set at not more than 200 per cent of the rated primary
current of the welder.

B. For Conductors. Conductors which supply one or more welders
shall be protected by an overcurrent device rated or set at not more
than 200 per cent of the conductor rating.

Order 13-6313. Controller.

A controller shall be provided in the supply connection of each
welder which is not equipped with a controller mounted as an integral
part of the welder. The controller shall be a motor-cireuit switch or
a circuit-breaker. The ampere rating shall be not less than the rated
primary current of the welder. The horsepower rating of a switch
used as a controller shall be not less than the numerical value obtained
by multiplying the rated primary current of the welder by 0.1, 0.2
or 0.25, respectively, for 220-, 440- and 550-volt welders. These factors
apply to 2-pole switches.

Order 13-6314. Name Plate.

A name-plate giving the following information shall be provided:
name of manufacturer; frequency; primary voltage; rated primary
cmrrent; maximum open-cireuit secondary voltage; rated secondary
current; basis of rating, ie., the duty eycle, 30-minute rating or
60-minute rating.

MOTOR-GENERATOR ARC WELDERS

Order 13-6321. References.

Motor-generator arc welder installations are covered by the appro-
priate orders of Chapters 1 to 4 inclusive applicable to conductors,
motors, generators and associated equipment, Referring specifically
to the motor supply connections, the following orders apply in addi-
tion to such other provisions as may be applicable. Conductor rating,
Orders 13-4312 and 13-4316. Overcurrent protection: for motors,
Order 13-4323; for conductors, Order 13-4342. Controllers, Orders
13-4304, 13-4305 and 13-4383. Disconnecting means, Order 18-4407.

RESISTANCE WELDERS

Order 13-6331. Capacity of Supply Conductors.

The current-carrying capacity of the supply conductors necessary
to limit the voltage drop to a value permissible for the satisfactory
performance of the welder is usually greater than that required to
prevent overheating as prescribed in paragraphs A and B.

A. Individual Welders. The rated current-carrying ecapacity for
conductors for individual welders shall conform to the following:

1. Varying Operation. The rated current-carrying capacity of the
supply conductors for a welder which may be operated at different
times at different values of primary current or duty cycle shall be not
less than 70 per cent of the rated primary current for seam and auto-
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matically fed welders, and 50 per cent of the rated primary current
for manually-operated non-automatic welders,

2. Specific Operation. The rated current-carrying capacity of the
supply conductors for a welder wired for a specific operation for
which the actual primary current and duty eycle are known and
remain unchanged shall be not less than the product of the actual
primary current and the multiplier given below for the duty eycle at
which the welder will be operated.

Duty Cycle
(ber ecent) o-—o_._ 50 40 30 25 20 15 10 7.6 5.00r less
Multiplier o s 71 .63 6B 50 456 .39 .32 27 .22

B. Groups of Welders. The rated current-carrying capacity of con-
ductors which supply two or more welders shall be not less than the
sum of the value obtained as explained in paragraph A of this order
for the largest welder supplied, and 60 per cent of the values obtained
as explained in paragraph A of this order for all the other welders
supplied.

C. Explanation of Terms. (1) The rated primary current is the
rated kva multiplied by 1,000 and divided by the rated primary volt-
age, using values given on the name-plate. (2) The actual primary
current is the current drawn from the supply circuit during each
welder operation at the particular heat tap and control setting used.
(3) The duty cycle is the percentage of the time during which the
welder is loaded. For instance, a spot welder supplied by a 60-cycle
system (216,000 cycles per hour) making four hundred 15-cycle welds
per hour would have a duty cyele of 2.8 per cent. (400 multiplied by
15, divided by 216,000, multiplied by 100). A seam welder operating
2 cycles “on™ and 2 cycles “off” would have a duty cycle of 50 per
cent. .

Order 13-6332. Overeurrent Protection.

Overcurrent protection shall be as provided in paragraphs A and B
of this order. If the nearest standard rating of the overcurrent device
used is under the value specified in this order, or if the rating or set-
ting specified results in unnecessary opening of the overcurrent
device, the next higher rating or setting may be used.

A, For Welders. Each welder shall have an overcurrent device
rated or set at not more than 300 per cent of the rated primary cur-
rent of the welder, except that an overcurrent device is not required
for a welder having a supply circuit protected by an overcurrent de-
vice rated or set at not more than 300 per cent of the rated primary
current of the welder.

- B. For Conductors. Conductors which supply one or more welders
shall be protected by an overcurrent device rated or set at not more
than 300 per cent of the conductor rating. '

Order 13-6333. Disconnecting Means,

A switch or circuit-breaker shall be provided by which each welder
and its control equipment can be isolated from the supply circuit. The
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current-carrying capacity of this disconnecting means shall be not
less than the supply conductor rating determined as explained in this
section. The supply circuit switch may be used as the welder discon-
necting means if the circuit supplies only one welder.

Order 13-6334. Name-plate,

A name-plate giving the following information shall be provided:
name of manufacturer, frequency, primary voltage, rated kva at 50
per cent duty cycle, maximum and minimum open-circuit secondary
voltage, short-cirenit secondary current at maximum secondary volt-
age and specified throat and gap setting,

SECTION 13-640. SOUND RECORDING AND SIMILAR
EQUIPMENT

Order 13-6401. Scope.

This section shall apply to installations of equipment and wiring
used for sound recording and reproduction, centralized distribution of
sound, public address, speech-input systems and electronie organs.

Order 13-6402. Application of Other Sections.

Except as modified by this seetion, wiring and equipment from
source of power to and between devices connected to the interior wir-
ing systems shall comply with the requirements of Chapters 1 to 4,
inclusive, of this code, and wiring and equipment for public-address,
speech-input, radio-frequency, audio-frequency systems, and amplify-
ing equipment associated with radio receiving stations in centralized
distribution systems, shall comply with Seetion 13-725,

Order 13-6403. Number of Conductors in Raceway.
The number of conductors in a conduit or other raceway shall
comply with Tables 4 to 11 of Chapter 10 except as follows:

A. Special permission may be granted for the installation of two
2-conductor lead covered cables in % inch conduit, provided the cross
sectional area of each cable does not exceed .11 square inch.

B. Special permission may be granted for the installation of two
2-conductor No. 19 lead covered cables in 14 inch conduit, provided the
sum of the cross sectional areas of the cables does not exceed 82 per
cent of the internal cross sectional area of the conduit.

Order 13-6404. Wireways and Auxiliary Gutters.

Wireways and auxiliary gutters shall comply with the requirements
of Sections 13-862 and 13-374 with the following exceptions where
used for sound recording and reproduction:

A. Number of Conductors in Raceway. Conductors in wireways or
gutters shall not fill the raceway to more than 75 per cent of its depth.

B. Auwxiliary Guiter Covers. If the cover of auxiliary gutters is
flush with the flooring and is subject to the moving of heavy objects it
shall be of steel at least % inch in thickness; if not subject to moving
of heavy objects, as in the rear of pateh or other equipment panels,
the cover shall be at least No. 10 USS gauge (.1345 inch),
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C. Metal Trough Raceways. Metal trough raceways may be in-
stalled in concealed places if run in a straight line between outlets or
junction boxes. Covers of boxes must be accessible. Edges of metal
must be rounded at outlet or junction boxes and all rough projections
smoothed to prevent abrasion of insulation or conductors. Raceways
made of sections shall be bonded and grounded as prescribed in Order
13-2575,

D. Grounding Wireways and Auziliory Guiters. Metal wireways
and auxiliary gutters shall be grounded in accordance with the re-
quirements of Section 13-250. If the wireway or auxiliary gutter does
not contain power supply wires, the grounding eonductor need not be
larger than No. 14 copper or its equivalent. If the wireway or auxili-
ary gutter contains power supply wires, the grounding conductor shall
not be smaller than the size called for in Order 13-2595.

Order 13-6405, Grouping of Conductors.

Conductors of different systems grouped in the same conduit or
other metallie enclosure, or in portable cords or cables, shall comply
with the following requirements: )

A. Power Supply Conductors. Power supply conductors shall be
properly identified and shall be used solely for supplying power to
the equipment to which the other conductors are conmected.

B. Leads to Motor Generator or Rotary Comverter. Input leads to
a motor generator or rotary converter shall be run separately from
the output leads.

C. Conductor Imsulation, The conductors shall be insulated indi-
vidually, or colleetively in groups, by insulation at least equivalent
to that on the power supply and other conductors, except where the
power supply and other conductors are separated by a lead sheath or
other continuous metallic covering.

D. Flewible Cords. Flexible cords and cables shall be of Types P,
K, 8, 871, SO or SUO or other types specifically approved for the pur-
pose for which they are to be used. The conductors of flexible cords,
other than power supply conductors, may be of a size not smaller
than No. 26 provided such conductors are not in direct electrical con-
nection with the power supply conductors and are equipped with eur-
rent limiting means so that the maximum power under any condition
will not exceed 150 watts.

E. Terminals. Terminals shall be marked to show their proper
connections. Terminals for conductors other than power supply eon-
ductors shall be separated from the terminals of the power supply
conductors by a spacing at least as great as the spacing between
power supply terminals of opposite polarity,

Order 13-6406. Storage Batteries.

Storage batteries shall comply with the following:

A, Installation. Storage batteries shall be installed in accordance
with Section 13-480.

B. Conductor Insulation. Storage battery leads shall be rubber
or thermoplastic covered.
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C. Overcurrent Protection. Overcurrent protection shall be pro-
vided as follows: ;

1. “A” cirenit, when supplied by branch lighting cirveunits, or by
storage batteries of more than 20 ampere hour capacity, shall havg
overcurrent protection not exceeding 15 amperes.

2, “B” cireuits shall have overcurrent protection not exceeding
1 ampere. The overcurrent protection shall be placed in each positive
lead.

3. “C” circuits when supplied from branch lighting cireuits or
from storage batteries of more than 20 ampere-hour capacity shall
have overcurrent protection not exceeding one ampere.

4, Overcurrent devices shall be located as near as practicable to
the battery.

Order 13-6407. Equipment.

Amplifiers and rectifiers shall be so located as to be readily acces-
sible. They shall be suitably housed and shall be of a type approved
for the purpose unless otherwise expressly permitted by the authority
enforcing this code. Equipment used in hazardous locations shall be
specifically approved for the purpose.

A. Ventilation. Amplifiers and rectifiers shall be so located as to
provide sufficient ventilation to prevent undue temperature rise within
the housing.

B. Protection Against Mechanical Injury. Amplifiers, rectifiers,
loud-speakers and other equipment shall be so located or protected as
to guard against mechanieal injury such as might result in fire or
personal hazard.

SECTION 13-650. ORGANS

Order 13-6501. General.

This section shall apply to those electric circuits and parts of elee-
trically operated organs which are employed for the control of the
sounding apparatus and keyboards. Electronic organs shall comply
with the appropriate provisions of Section 13-640.

Order 13-6502. Source of Energy.

The source of energy shall be a self-excited generator of not over
15 volts, or a primary battery.

Order 13-6503. Insulation—Grounding.

The generator shall be effectively insulated from the ground and
from the motor driving it, or both the generator and the motor frames
shall be grounded in the manner prescribed in Section 13-250,

Order 13-6504. Conductors.

Conductors shall comply with the following:

A. Size. No conductor shall be smaller than No. 26, and the com-
mon return conductor shall be not smaller than No. 14.

B. Insulation. Conductors shall have rubber, thermoplastie, ashes-
tos, cotton, or silk insulation, except the common-return conductor
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which shall be rubber-covered, thermoplastic, asbestos-covered (Types
AA, Al or ATA), or slow-burning (Type SB). The cotton or silk may
be saturated with paraffine if desired.
s C. Conductors to Be Cabled. Except the common return conductor,
and conductors inside the organ proper, the organ sections and the
organ console, conductors shall be cabled. The common return con-
ductor may be placed under an additional covering enclosing both
cable and return conductor, or may be installed as a separate con-
ductor and may be in contact with the cable,

D. Cable Covering. The cable shall be provided with one or more
braided outer coverings, provided that a tape may be used in place
of an inner braid. Unless installed in metal raceways the outer braid

shall be flame-retardant or shall be covered with a closely wound fire-
proof tape.

Order 13-6505. Installation of Conductors,

Cables shall be securely fastened in place and may be attached
directly to the organ structure without insulating supports. Cables
shall not be placed in contact with other conductors.

Order 13-6506. Overcurrent Protection.

Circuits shall be so arranged that all conductors, except the main
supply conductors and the common return conductor, shall be pro-
tected from overcurrent by an overcurrent device of not greater than
15 ampere rating.

SECTION 13-660. X-RAY AND HIGH FREQUENCY
EQUIPMENT

Order 13-6601. Scope.

The provisions of this section shall apply to all apparatus embody-
ing X-ray operating at any frequency, for medical use, for examina-
tion of fabrics, metals, or fruits, or for any other purpose. Unless
approved for the location, X-ray and related apparatus shall not be
installed nor operated in hazardous locations or operated on a supply
potential of more than 600 volts.

Nothing in this section shall be construed as specifying safeguards
against direct, stray or secondary X-ray radiation. Such safeguarding

for industrial installations is the scope of Parts T and TII of American
War Standard ASA Z-54,

Order 13-6602. Overhead Conductors.

For new equipment used on new installations of X-ray apparatus,
all conductors in the high-voltage cirenits that are not in raceways
shall be of the approved shockproof type, When existing equipment
employing uninsulated or bare overhead conductors is moved to a
new location, or where reconditioned used equipment of the uninsu-
lated or bare conductor overhead type is resold for installation at a
new location, the authority enforcing this code may require that the
overhead stationary conductors be not less than 8 feet from the floor
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unless guarded from contact, and that any connections from the
X-ray tube to exposed overhead uninsulated or bare conductors shg’ll
be made with high-voltage cables of the approved shockproof type.

Order 13-6603. On Fluoroscope Tables.

Leads on fluoroscope tables shall be adequately insulated or be
provided with barriers which will guard against inadvertent contact.

Order 13-6604, Milliammeter,

If one side or mid-point of the high voltage cireuit is grounded, the
milliammeter shall be connected to the grounded lead and need not
be guarded.

Order 13-6605. Wiring Terminals,

Equipment covered by this section shall be provided with suitable
wiring terminals or leads for the connection of conductors of at
least the size required by the load corresponding to the input rating
of the equipment.

Order 13-6606. Connection to Supply Circuit.

X-ray apparatus permanently installed shall be connected to the
power supply by means of a wiring method meeting the general
requirements of this code, except that apparatus properly supplied
by branch circuits not larger than a 30-ampere branch cireuit may
be supplied through suitable plug and heavy-duty cable or cord.
Transportable X-ray apparatus of any capacity may be connected to
its power supply by suitable temporary connections and heavy-duty
cable or cord. A disconnecting means of adequate capacity shall be
provided in a location readily accessible from the X-ray control. For
apparatus requiring 115-volt line fuses of 30 ampere or less a plug
and receptacle of proper size and of an approved make may serve
as a disconnecting means.

CONTROL

Order 13-6611. Stationary Equipment,

The low-voltage circuit of the step-up transformer shall contain a
circuit-breaker having no exposed live parts and which shall under all
operating conditions protect the radiographic circuit against fault
conditions. If the design of the high-voltage transformer is such that
branch fuses having a current rating lower than the current rating
of the circuit-breaker are required for adequate protection for fluoro-
scopic and therapeutie ecircuits, they shall be added for the protec-
tion of these cireuits, It is recommended that, if possible, the circuit-
breaker protect all circuits; namely, radiographie, fluoréscopic and
therapeutie circuits. The circuit-breaker shall be installed as a part
of the equipment or directly adjacent thereto. The circuit-breaker
shall be manually operable, or else there shall be at least one other
switch which is manually operable in the low-voltage circnit of the
step-up transformer, either as a part of the equipment or directly
adjacent thereto.
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Order 13-6612. Portable Equipment.

Portable equipment shall comply with Order 13-6611, except that
no circuit-breaker is required when the high-voltage parts, including
the X-ray tube, are within the single metallic enclosure which is pro-
vided with a means for grounding. The circuit-breaker, when re-
quired, shall be located in or on the portable equipment.

Order 13-6613. General.

In addition to complying with Orders 13-6611 or 13-6612 as the
case may be, medical X-ray apparatus shall be provided with con-
trolling means as follows:

A. Radiographic Type. A timer shall be provided and controlled
by a switch which shall be designed to open automatically except
when held closed by the operator.

B. Fluoroscopic Type. A switch shall be provided which shall be
designed to open automatically except when held closed by the
operator.

'C. Therapy. A timer shall be provided which is not of the repeat-
ing type. '

Order (13-6614, Industrial X-ray Apparatus.

Radiographic and Fluoroscopic Types. A switch which shall be de-
signed to open automatically except when held closed by the oper-
ator, or a timer, shall be provided.

Order 13-6615. Foot Switch,

Switches operated by foot pressure should be provided with a
shield over the contact button to avoid accidental closing unless the
equipment is of the fully enclosed shockproof type. When used for
radiographic work, the foot switch shall return automatically to the
X-ray off position when foot pressure is removed, The foregoing rec-
ommendation shall have mandatory effect in the case of X-ray equip-
ment for industrial use.

Order 13-6616. Independent Control.

If more than one piece of apparatus is operated from the same
high-voltage circuit, each piece or each group of apparatus as a unit
shall be provided with a high-voltage switch or equivalent discon-
necting means. This disconnecting means shall be constructed, en-
closed, or located so as to avoid contact with its live parts.

TRANSFORMERS AND CAPACITORS

Order 13-6621. General.

Transformers and eapacitors which are a part of an X-ray appa-
ratus shall not be required to conform to the requirements of See-
tions 18-450 and 13-460,

Order 13-6622. Draining Capacitor Charge.
Unless all current-carrying parts of capacitors, and of the conduc-
tors connected therewith, are at least 8 feet from the floor and are

,.,—?*
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inaccessible to unauthorized persons, or unless when within 8 feet
from the floor are within enclosures of grounded metal or insulating
material, capacitors shall be provided with an automatic means for
discharge and grounding the plates whenever the transformer pri-
mary is disconnected from the source of supply.

GUARDING
Order 13-6631. General,

For new apparatus used on new installations, all high-voltage parts
shall be mounted within grounded enclosures. Either air, oil, or other
suitable insulating media may be used to insulate the high voltage
from the grounded enclosure. When existing apparatus employing
open type overhead conductors is moved to a new location, or where
reconditioned used apparatus of the open overhead type is resold for
installation at a new location, the authority enforcing this code may
require that all high-voltage parts within 8 feet of the floor be pro-
tected against contact by barriers of grounded metal, or protected
by approved insulating material. These requirements do not apply if
the high-voltage parts are installed in separate rooms or enclosures
which are provided with suitable door-operated switches to open the
supply circuit to the X-ray unit except while the door of such room
or enclosure is locked from the outside. The connections from the ex-
posed overhead conductors may be made with high-voltage cables of
the shockproof type.

Order 13-6632. Enclosures of Wood.

Wooden cabinets containing high voltage parts shall be lined inside
with approved fire resistive material. The high voltage parts shall have
adequate spacing from walls of the eabinet, High voltage equipment
containing oil shall not be installed in wooden cabinets. Cabinets shall
provide sufficient ventilation for safe operation of the equipment
therein.

Order 13-6633. Therapy Tubes and Equipment.

X-ray tubes used in therapy shall be mounted in enclosures of
grounded metal or insulating material approved for the purpose unless
otherwise expressly permitted by the authority enforcing this code.
Unless fully enclosed in cabinets or cases of grounded metal or of
approved insulating materials, all high voltage parts of generators,
rectifiers, filters and cooling equipment shall be installed in a separate
room or enclosure. Suitable arrangements shall be provided whereby
the switch controlling the supply eireuit to such equipment will neces-
sarily be open, except while the door of such room or enclosure is
locked from the outside,

Order 13-6634, Grounding.

Non-current-carrying metal parts of tube stands, fluoroscopic and
other apparatus shall be grounded in the manner preseribed in Sec-
tion 13-250.

S — e
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SECTION 13-665. INDUCTION AND DIELECTRIC HEAT
GENERATING EQUIPMENT

Order 13-6651. Scope.

The provisions of this section shall apply to the constructic.m and
installation of induction and dielectric heat-generating equipment
and accessories. )

The term “generating equipment” as used in this section shall be
understood to mean any equipment used to change the voltage and/or
frequency of the power supplied to such equipment. .

Induction heating is the heating of a nominally conducting mate-
rial due to its own IR losses when the material is placed in a vary-
ing electro-magnetic field. 3

Dielectric heating is the heating of a nominally insulating mate-
rial due to ifs own dielectric losses when the material is placed in a
varying electric field. ) .

The term “therapeutic high frequency equipment” as used in this
section shall be understood to mean generating equipment capable of
producing alternating currents having frequencies greater than those
frequencieg which elicit neuromuscular response. In orde'r to' comply
with the above, the output frequency of the therapeutic high fre-
quency equipment shall not be less than 2 megacycles.

Order 13-6652. Application of Other Sections.

Wiring from the source of power to generating equipmen!: shal_l
comply with Code Chapters 1 to 4 inclusive. Cireuits and equipment
operating on a supply circuit of more than 600 volts shall comply
with the provisions of Section 13-710.

Order 13-6653. Capacity of Supply Conduciors.

A. For Motor Generator Equipment. Capacity of supply conductors
shall be determined from Section 13-430 of this Code.

B. For Other Than Motor Generator Equipment. Capacity of sup-
ply conductors shall be determined as follows:

1. The current-carrying capacity of the circuit shall be at least
100 per cent of the nameplate current rating of the equipment.

2. The current-carrying capacity of conductors supplying two or
more equipments shall be equal to at least 100 per cent of the sum
of nameplate current ratings on all equipment involved except as
follows: If, when supplying two or more equipments from tklle-rsame
feeder, simultaneous operation of said equipments is not possible, the
capacity of the feeder shall be at least 100 per cent of the sum of
the nameplate currents for the largest group of machines capable of
simultaneous operation, plus 100 per cent of the standby currents of
the remaining machines supplied.

Order 13-6654. Overcurrenl Protection.

A, For Motor Generator Equipment. Overcurrent protection shall
be provided as specified in Section 13-430 of this Code.
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B. Other Than Motor Generator Equipment. Overcurrent protec-
tion shall be provided, if not supplied as part of the equipment, to
protect the equipment as a whole. The overcurrent device shall have

a rating or setting of not more than 200 per cent of the nameplate
current rating.

Order 13-6655, Disconnecting Means.

A readily accessible disconnecting means shall be provided by
which each generating equipment can be isolated from the supply
circuit. The current-carrying capacity of this disconnecting means
shall be at least 100 per cent of the nameplate current rating of
equipment, The supply circuit switch may be used as the generating

equipment disconnecting means if the cireunit supplies only one equip-
ment,

Order 13-6656. Output Circuits,
Output circuits shall conform to the following:

A. Output cireuit parts shall include all high frequeney components
external to the generator, including interconnecting radio frequency
transmission lines, load tuning networks, and work applicators. With
respect to guarding, all such parts shall be considered with the gen-
erating equipment as a complete assembly.

B. The work applicator shall be so guarded that safe operation
of the equipment will always be assured.

C. When the connections between the generator and work appli-
cator exceed two feet in length the connections shall be enclosed or
guarded with non-combustible material.

D. The generator output shall be at direct-current ground potential
(coupled outputs alone, without other precautions, will not suffice
because of the danger existing during possible flashovers).

Order 13-6657. Grounding and Bonding,

Grounds or inter-unit bonding shall be used wherever required for
circuit operation and for limiting to a safe value radio frequency
potentials between all exposed non-current-carrying parts of the
equipment and earth ground, also between all equipment parts and
surrounding objects and between such objects and earth ground.
Such grounding and bonding shall be installed in accordance with
Section 13-250 of this Code,

Order 13-6658, Low Frequency A.C. in Generating Equipment Output..

Commercial frequencies of 25 to 60 cycle alternating-current out-
put may be coupled for control purposes, but shall be limited to a
value of 150 volts available only during perieds of circuit operation,

Order 13-6659. Hazardous Locations.

Induction and dielectric heat generating equipment shall not be
installed in hazardous locations as defined in Section 13-500 unless
the equipment is designed and approved for hazardous locations,
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Order 13-6660. Enclosure of Generating Apparatus.

The generating apparatus including the D.C., low-, and high-
frequency electrical ecireuits but excluding the output circuits shall
be completely contained in an enclosure of noncombustible material.
The metal housings of motors, generators and the like may serve as
a part of this enclosure.

Order 13-6661. Panel Controls.
All panel controls shall be of “dead front” construction.

Order 13-6662. Access to Internal Equipment,

Doors or detachable panels may be employed for internal access.
Where doors are used, giving access to voltages above 500 volts A.C.
or D.C,, either door locks shall be provided or interlocking shall be
installed with the choice of precaution optional. Detachable panels not
normally used for access to such parts shall be fastened in a manner
not conveniently removable.

Order 13-6663. Warning Labels,

Warning labels, definitely indicating danger, shall be attached to
doors, access panels or at other vantage pointg on equipment, so that
the labels will be plainly visible when doors are opened or panels are
removed from compartments containing voltages above 250 volts A.C.
or D.C.

Order 13-6664. Foot Switch,
Switches operated by foot pressure shall be provided with a shield
over the contact button to avoid accidental closing.

Order 13-6665. Nameplate Data,

Fach generating equipment ghall be provided with a nameplate
giving the manufacturers’ name and model identification and the fol-
lowing input data: line volts, frequency, number of phases, maximum
current, full load kva, and power factor. '

Order 13-6666, Remote Control,

When remote controls are used for applying power, a ‘“Local-
Remote” switeh shall be provided and interlocked so as to prevent
the possibility of applying power from other than one selected con-
trol point or points.

Order 13-6667. Capacitors,

When capacitors in excess of (0.1 Mfd. are used in D.C. ecircuits,
either as vectifier filter components, are suppressors, ete., having cir-
cuit. voltages exceeding 230 volts above ground, bleeder resistors or
grounding switches shall be used as grounding devices.

Where auxiliary rectifiers are used with filter capacitors in the
output for bias supplies, tube keyers, etc., bleeder resistors shall be
used even though the D.C. voltage may not exceed 230 volts.
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Order 13-6668. Keying.

Where h%gh speed keying circuits dependent on the effect of “oscil-
lator blockm:g” are employed, the peak RF output voltage during the
blocked portion of the cycle shall not exceed 100 volts.

Order 13-6669. Protective Cages and Shielding.

Protective cages or adequate shielding shall be used to guard work
&pplicato_rs. Interlock switches shall be used on all hinged access
duors,.shding panels or other easy access means normally intended
for quick access to the applicator. All interlock switches shall be con-
nected in such a manner as to remove all power from the applicator
when any one of the access doors or panels is open.

Order 13-6670. Power Supply for Therapeutic Equipment.

A, 'Whel‘e pqrtahility is not essential, equipment shall be perma-
nently installed in accordance with Chapters 1 to 3 inclusive.

B. Where portability is essential, the power supply cord shall be
three-conductor hard service cord of such current-carrying capacity
as to be not less than the marked rating of the equipment, and it
shall be provided with one conductor whose insulation is g:reen in
color for equipment grounding. If the marked rating of the equip-
ment exceeds 15 amperes the cord shall terminate in an approved
three-blade attachment-plug cap. If the marked rating of the appli-
ance does not exceed 15 amperes the cord may be terminated in an
Bprﬂzivig_;\gggl;lade attachment-plug cap with grounding wire. (See

Order 13-6671. Applicators for Therapeutic Equipment,

Application of the high frequency power to the patient may be
made_by means of an electric field or of an induction field. Current-
carrying parts of applicators shall be so insulated or enclosed that
reliable isolation of the patient shall be assured.

SECTION 13-670. MACHINE TOOLS

GENERAL
Order 13-6701. Scope.

The provisions of this section apply to the electrical equipment for
motpr-driven, complete metal working machines, not portable by hand
ha-vm_g one or more tool and work holding devices used for pro—,
gressively removing metal in the form of chips.

Order 13-6702. Application of Other Sections,

) The fo]lov:fing provisions cover the requirements for electrical wir-
ing and equipment on machine tools within the scope of this section
They are in addition to or amendatory of the applicable provisions ot:
ot.h:.r sections of this code, which apply except as modified in this
section.
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Order 13-6703. Identification.

Each electrically operated machine tool shall be marked where
plainly visible to show the voltage, full-load current and frequency
required for each external circuit supplying the machine tool. For a
multi-motored machine tool, this full-load eurrent marking shall be
not less than the sum of the full-load currents required for all motors
which may be in operation at one time under normal conditions of
use. If only a single motor is used, the motor nameplate may serve if
plainly visible.

Order 13-6704, Lighting,

Lighting fixtures which are a part of or attached to any machine
tool shall conform to the following: *

A. Voltage. The lighting cireuit voltage shall not exced 150 volts
between conductors and shall be a grounded cireuit,

B. Flexible Cord. Flexible cord if used shall be of a type suitable
for hard usage (see Table 31), and shall be resistant to coolant and
oil, It shall be arranged so it cannot be damaged by moving parts of
the machine.

WIRING METHODS

Order 13-6711. Conduit.

Conductors shall be in rigid metal conduit or electrical metallie
tubing except as provided in Orders 13-6712 to 13-6714, inclusive.

Order 13-6712. Flexible Metal Conduit,

Flexible metal conduit including the liquid tight type may be used
only where necessary to employ flexible connections for small or in-
frequent movements, as at motor terminals.

Order 13-6713. Continuously Moving Parts,

Wiring connections to continuously moving parts of a machine tool
shall be of approved type, extra-flexible, non-metallic-covered, multi-
conductor cable. Conductors shall conform to Order 13-6722, In lien
of cable, individual conductors enclosed in flexible tubing may be
used. The tubing and its fittings shall be approved for the purpose,
and conductors in such tubing shall be considered ag subject to oil
or coolant,

Order 13-6714, Compartments and Raceways,

Compartments and raceways within the framework of a machine
tool may be used to encloge conductors, provided they are isolated
from coolant and oil reservoirs and are entirely enclosed. Conductors
in machine compartments and raceways shall be secured and so
arranged that they will not be subject to mechanical injury or
abrasion.

Order 13-6715. Number of Bends in Conduit,

If a run of rigid metal conduit does not exceed 25 feet in length,
and the conductor fill does not exceed 30 per cent of the cross sec-
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tional area of the conduit, the requirements of Ovder 13-3471 shall
not apply.

CONDUCTORS

Order 13-6721. Sizes Permitted,

Circuit and control conductors on or in machines shall not he
smaller than No. 14 except as follows:

A. Conductors to Moving Parts. Copper conductors for control
purposes to continuously moving parts may be No, 16 if all such con-
ductors are insulated for the maximum voltage of any conductor in
the cable or tubing.

B. Conductors to Electronic and Precision Dewices, Copper con-
ductors to electronic and precision devices may be No, 20, except if
pulled into raceways they shall be not smaller than No. 18.

Order 13-6722. Type.

Conductors shall be of a type suitable for conditions of use. Flexi-
ble, non-metallie, multi-conductor cable shall have an oil- and moisture-
resistant insulation with a flame-retardant outer covering,

Order 13-6723. Identification of Conductors,

Conductors shall be identified either by color code or by other dis-
tinctive means. White or natural gray coloring shall be used only
for a grounded conductor, and green only for a conductor used to
ground the frame of equipment,

CONTROL EQUIPMENT

Order 13-6731. Mounting.

Controllers shall be mounted in such a manner as to guard against
mechanical injury, oil, coolant, dust, and dirt.

Order 13-6732. In Machine Compartments,

Compartments in the column or base of a machine may serve as
enclosures for control equipment if the following provisions are
complied with: '

A, Thickness of Metal, The wall thickness shall be not less than
No. 14 USS sheet metal gauge if of sheet steel, not less than 1% inch
if of cast metal, or not less than #% inch if of malleable iron,

B. Covers. Compartments shall have tight fitting hinged covers, not
thinner than specified in paragraph A. Covers shall have adequate
means for fastening securely in a closed position.

C. Control Enclosures. Compartments used for control eneclosures
shall be readily accessible and shall not contain moving parts not
directly connected to electrical control equipment, and shall be so
located as to guard the control devices against oil, eoolant, chips, and
dirt.

D. Venting. A compartment enclosing group control equipment with
branch ecircuit fusing as specified in paragraph B of Order 13-§742
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shall have a clear opening of at least 2 square inches, vented to
another compartment within the column or base and having at least
one-half the volume of the control compartment.

E. No Floor Opening. Compartments enclosing control equipment
shall not be open to the floor or foundation upon which the machine
rests.

Order 13-6733. Not In Machine Compartment,
Controllers not in machine compartments shall comply with the
following:

A. Controllers with overcurrent protection as permitted by Or-
der 13-6742 may be mounted on the outside of the machine tool or
on the floor as close to the machine tool as possible provided the
enclosures comply with all the provisions of Order 13-6732.

B. Other controllers may be mounted on the outside of the
machine tool or elsewhere if they comply with the provisions of
Section 13-430.

MOTOR BRANCH-CIRCUIT OVERCURRENT PROTECTION

Order 13-6741. Branch Circuits.

Any motor on a machine tool may be supplied from an individual
branch circuit in accordance with the provisions of Section 13-430,
or may be connected to a branch circuit which also supplies other
motors on the same machine tool in accordance with the provisions
of Order 13-4348 or of Order 13-6742. The conductors supplying all
motors on a single machine tool may be considered a single branch
cireuit if all of these motors are protected in accordance with the
provisions of Order 18-4343 or of Order 13-6742,

Order 13-6742. Several Motors on One Branch Circuit.

Controllers and running overcurrent protective devices for two or
more motors connected to the branch circuit of a single machine
tool need not comply with the provisions of Order 13-4343, if all of
the following provisions are complied with:

A. Motor-Running Protection. Each motor shall be protected by
a motor-running overcurrent protective device.

B. Rating of Overcurrent Devices, The branch circuit ghall have
overcurrent protection of a rating equal to that specified in Order
13-4342 for the largest motor connected to the circuit, plus an amount
equal to the sum of the full-load current ratings of all other motors
on the machine tool which may be in operation at one time under
normal conditions of use and which are connected to the same cir-
cuit. In no case shall overcurrent protection be more than 200 am-
peres at 260 volts or less, or 100 amperes at 600 volts or less.

C. Enclosures. Enclosures for control equipment and running pro-
tective devices enclosed in machine compartments, or mounted on or
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adjacent to the machine, shall comply in all respects with the pro-
visions of Orders 13-6732 or 13-6733.

D. Conductors. The conductors of the branch cireuit shall comply
with the provisions of paragraph B of Ovrder 13-4343.

PROTECTION AND GROUNDING

Order 13-6751. Protection Against Damage,

If the failure of one motor to operate while others continue to 1un
could cause damage, they shall be so connected that the tripping of
any overload or under-current device will result in stopping all of
these motors.

Order 13-6752. Grounding.

All machine tools within the scope of this section, including con-
nected portable equipment shall be effectively grounded as specified
in Seetion 13-250,

Order 13-6753. Moving Parts.

A machine part that moves on grounded metal guides or supporting
ways shall be considered as adequately grounded if the movable part
may not readily be removed by hand.

SECTION 13-690. TRAILERS

Order 13-6901. Wiring in Trailer,

The wiring in a trailer used as a permanent residence which is to
be connected to a regular outside distribution system should conform
to the appropriate orders in this code.

Order 13-6902. Connection of Trailer.

Whenever a trailer is parked and its wiring system connected to the
regular distribution system, proper fusing and grounding shall be
provided. The acceptable means of supplying this protection is as
follows:

For each trailer an outlet and conductors shall be provided for the
connection of the trailer wiring system, The outlet and conductors on
the regular distribution system shall consist of a fused switch, fused
only on the ungrounded wire, approved receptacle, cable for supply-
ing the energy, and a separate insulated conductor for grounding
purposes. The cable and ground conductor shall be of approximately
the same length. The ground conductor shall be attached to ground
and to the neutral wire at the outlet and provided with a means of
attaching to the trailer frame.

Note, Cable should be not over 20 feet in length and conductors should
le at least No. 14 AW.G,
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Chapter 7. Special Conditions

SECTION 13-700. EMERGENCY LIGHTING

Order 13-7001. Where Required.

The provisions of this section shall apply to systems or circuits for
supplying emergency illumination only when such systems or circuits
are required elsewhere in this code or by municipal, state, (such as
Building, School Lighting or Industrial Lighting) or other codes. See
Order 13-5202.

Note, See the National TFire Protection Association Building Exits
Code for other recommendations.

The methods of supplying exit and emergency illumination in existing
buildings will be determined in each individual case.

Order 13-7002. Systems of Less Than 50 Volts.

If a source of supply at less than 50 volts is employed as one of
the systems, the installation shall also comply with the provisions of
Section 13-720 of this code.

Order 13-7003. Scope,

Emergency lighting shall include all required exit lights and all
other lights specified as necessary to provide sufficient illumination
to enable persons to see their way out of the building.

Order 13-7004. Tests and Maintenance.

Systems shall be operated and tested frequently enough to assure
their maintenance in proper operating condition, and batteries shall
be maintained in fully charged condition.

It is recommended that inspection authorities having jurisdiction con-

duct a test on the complete system upon installation and perodically
afterward.

CURRENT SUPPLY

Order 13-7011. Source.

Current supply shall be such that in event of emergency within the
building or group of buildings concerned, emergency lighting shall be
available. Services may comprise:

A, One service, and a storage battery of sufficient capacity to
supply and maintain at not less than 91 per cent full voltage the total
load of the circuits carrying lights for emergency illumination for a
period of at least %4 hour. Automobile batteries, or lead batteries of
other than the sealed, glass-jar type, are not considered suitable.

B. One service and a generator set, driven by some form of prime
mover and of capacity sufficient to supply eireuits carrying emer-
gency illumination load, with suitable means for automatically start-
ing the generator on failure of the normal service.
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C. Services as widely separated, electrically and physically, as
the available facilities allow.

D. Connection on supply side of the main service if sufficiently
separated from main service to prevent simultaneous interruption of
supply through an occurrence within the building or group of build-
ings served.

Note. Separation shall be by walls or clear spaces and to an extent

that will prevent simultancous interruption of supply through an
occurrence within the building.

Tt is recommended that where available, and in such locations as
hospital operating rooms, separate and individual services be required
for emergency lighting,

Order 13-7012. Derangement Signals.

Audible and visual signal devices shall be provided, where possible,
to give warning of derangement of emergency illumination current
sources jeopardizing their proper functioning, and to indicate when
batteries or generator sets are carrying the emergency illumination
load.

CIRCUITS

Order 13-7021. Provision for Lights.

Lights shall be provided and so located and supplied as to provide,
with one service interrupted, emergency illumination without appre-
ciable delay. The installation of lights would ordinarily require either
one of the following:

A. An emergency lighting system, independent of the general
lighting system, with provisions for automatically transferring, by
means of devices approved for the purpose, the emergency system
from a defective supply to another supply.

B. Two or more separate and complete systems with independent
current supply each providing emergency lighting. Unless both sys-
tems are kept lighted, means shall be provided for automatically
lighting either system upon failure of the other. Either or bhoth sys-
tems may be a part of the general house lighting system if cireuits
carrying lights for emergeney illumination are installed in accordance
with other orders of this section.

Order 13-7022. Independent Wiring.

Wiring shall be kept entirely independent of all other wiring and
equipment and shall not enter the same fixture, raceway, box or
cabinet with other wiring except as permitted in sub-paragraph B of
Order 13-7021.

Order 13-7023. Connection of Appliances.

No appliances or lamps, other than those specified as required for
emergency illumination, shall be supplied by such cireuits except as
provided in sub-paragraph B of Order 13-7021.
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CONTROL

Order 13-7031. Switch Required.

Circuits for emergency illumination shall be controlled through one
switch accessible only to authorized persons.

Order 13-7032. Location.
This switch ghall be located preferably in the lobby; otherwise at a

place convenient to the main entrance to the building, but in no case
in a booth for projection of motion pictures,

Order 13-7033. Other Switches.

In addition to the above switch, there may be:

A, A switch at the main service or on the control panel of a
special current source, .

B. A switch located adjacent to the emergency switch, or an
automatic light actuated device approved for the purpose, to control
separately those lights on the exterior of the building which are not
required for illumination when there is sufficient daylight.

Order 13-7034. Stage Control Prohibited.

Circuits shall not be connected to or controlled by a stage lighting
control.

OVERCURRENT PROTECTION

Order 13-7041. Service.

Service overcurrent devices only may be placed ahead of the branch-
circuit overcurrent devices.

Order 13-7042. Accessible Only to Authorized Persons.

The branch-circuit overcurrent devices shall be accessible to author-
ized persons only.

SECTION 13-710. CIRCUITS AND EQUIPMENT OPERATING AT
MORE THAN 600 VOLTS BETWEEN CONDUCTORS

Order 13-7101. General.

This section shall apply to installations operating at more than 600
volts between conductors. See Order 13-0001-B.

Order 13-7102. Application of Other Sections.

Except as modified by this section, services of more than 600 volts
shall conform to Orders 13-2301 to 13-2325, inclusive; Order 13-2335,
13-2381, 13-2382, and Oxrders 13-2387 to 13-2392, inclusive; lighting
fixtures shall conform to Section 13-410; motors shall conform to
Section 13-430; transformers shall conform to Section 13-450; capaci-
tors shall conform to Section 18-460; electric discharge signs shall
conform to Section 13-600; X-ray equipment shall conform to Section
13-660; and outside wires shall conform to Seetion 13-730.
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Order 13-7103. Insulation and Interrupting Capacity.

Conductors, devices and equipment shall have an insulation or sepa-
ration between parts of different potential and between live parts and
the ground, sufficient for the particular voltage employed. Interrupt-
ing devices shall have an interrupting rating at the civeuit voltage
sufficient for the voltage and current employed,

Order 13-7104. Constant-Current Systems.

Elsewhere than in substations and transformer vaults, constant-
current systems shall not be installed in buildings, and lamps ox fix-
tures on series circuits shall not be attached to exterior of building
walls unless the walls ave of fire-resistive construction.

INSTALLATION OF CONDUCTORS

Order 13-7111. Wiring Method.

Except in generator, transformer, switching and motor rooms, and
for service runs of multiple conductor cable approved for the purpose,
as permitted in Order 13-2387, conductors shall be in rigid conduit,
duct, or armored cable specially approved for the voltage.

Order 13-7112. Conductor Location.

All circuits of more than 15,000 volts between conductors shall be
installed only in transformer vaults, substations, and fire-resistant
motor rooms, except as permitted for X-ray equipment in Section
13-660. Conductors in conduit or duct and enclosed by concrete, brick,
or equivalent fire-resistant material not less than 2 inches thick shall
be considered outside the building.

Order 13-7113. Open Conductors—Supports and Separation.

If open work is employed, the conductors shall be supported on
insulators of glass, poreelain, or other material approved for the pur-
pose. Open conductors shall be separated not less than 8 inches from
each other, except at apparatus and devices. They shall be not less
than 2 inches from the surface wired over, and for voltages exceeding
2500 not less than 3 inches. Conductors and their supports, including
insulators, shall have the strength and stability to insure maintenance
of the required clearance in case of short-circuit current.

Order 13-7114. Conductor Covering.

Open insulated conductors shall have a flame-retardant outer cover-
ing. The conductor covering shall be stripped back one inch from the
terminals so as not to touch them. If insulated conductors are pro-
vided with a conduecting or metalized shielding tape over the insula-
tion and under the outer covering, this shielding tape shall be stripped
back a safe distance for the voltage employed, a stress cone made,
and the shielding tape adequately grounded at the terminals,

Order 13-7115. Lead-Covered Conductors.
Where conductors emerge from a lead sheath, they shall be pro-
tected from moisture and mechanical injury by a pothead or by
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other means which will give equivalent protection. The lead sheath
should be continued over splices.

Order 13-7116. Conduit to Enter Fitting,.

Conduits shall enter and be secured to the casing, shields or enclos-
‘ures of apparatus or to terminal boxes holted or otherwise secured
to the casing, shield, or enclosure, except in generator, transformer,
switching and motor rooms and in substations.

Order 13-7117. Shielding of Rubber-Insulated Conductors.

If non-leaded, fibrous-covered, rubber-insulated conductors for per-
manent installation operate at voltages higher than those indicated
in the following table and under the conditions mentioned, they shall
be of a type having metallic or semi-conducting shielding or other
construction for the purpese of confining their dielectric field. The
semi-conducting shield or other construction for controlling or con-
fining the dielectric field shall be an approved type.

Voltage in Kv Above which
Shielding is Required

Neutral Neutral

Method of Installation Grounded Ungrounded

In duets or metal conduits in wet or damp locations_____________ 2 2
In ducts or metal conduits in permanently dry loeations_________ 61 at
On insulators, only if multiple conduetor._.______________._____ 6 3

‘fs_tippnnedly dry metallic conduits in some cases may contain sufficient moisture to allow
formation of ozone and thus damage non-shielded cuble at voltages above 2000, For conserva-
tive practice it may be desirable to’shield{below_the limits“given.

This rule is necessary because of the susceptibility to damage of
rubber-covered conductors by corona which occurs at the higher volt-
ages, particularly under alternately moist and dry conditions.

Order 13-7118. Grounding of Shielding.

The shielding of shielded cable, whether of the metallic or semi-
conducting type, shall be grounded, preferably at two or more points.
Stress cones shall be made at all terminations of shielding, as in pot-
heads and joints.

Ungrounded shielding normally has a potential above ground and
should be regarded as a live conductor.

CONTROL

Order 13-7131. General.

Orders 13-7132 to 13-7144 shall apply only to circuits and apparatus
supplied through service equipment. They shall not apply to equip-
ment in vaults.

Order 13-7132. Separate Control.

Each transformer or bank of transformers operating as a unit, and
each other operating unit of apparatus shall, except as provided in
Order 13-7143, be separately controlled.

A
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Order 13-7133. Step-Up or Step-Down Units.

If a generator operates with a transformer or a bank of transform-
ers as a unit for stepping up or stepping down the voltage, they may
be controlled as an operating unit.

Order 13-7134. Series Trip Coils.

Series trip coils connected dirvectly to the circuit, unless guarded or
isolated by elevation, should not be used with panel or panel-frame-
mounted oil circuit-breakers on cireunits exceeding 750 volts. It is rec-
ommended that the use, without a transformer, of series trip coils
in alternating-current circuits exceeding 750 volts be avoided.

Order 13-7135, Enclosure of Apparatus.
Switches, circuit-breakers, and control apparatus on cireuits ex-

" ceeding 5,000 volts between conductors shall have a metal enclosure

such as metal-enclosed switch-gear, trucks, and cubicles, or be in-
stalled remotely controlled in a fire-vesistant switchroom or motor
room or in a vault complying with Orders 13-4541 to 13-4548 inclusive.

If live parts of equipment in metal enclosures are accessible by
means of a door, the door shall be provided with a lock so that it can-
not be opened by unauthorized persons, or with an interlock which
will prevent opening unless the parts thereby exposed are de-
energized.

If connected to a cireuit exceeding 15,000 volts between conductors,
such apparatus shall be installed only in a vault which complies with
Orders 13-4541 to 13-4548 inclusive.

Order 13-7136, Oil Circuit-Breakers and Oil Switches to be Isolated.

Qil ecireunit-breakers and oil switches shall be located away from
other apparatus wherever practicable. If mounted in a closed com-
partment, means shall be provided to indicate whether the breaker is
open or closed, Unless installed in dead front type, automatic dis-
connecting switch-gear equipment, suitable air break isolating dis-
connecting switches shall be installed to isolate each oil switeh or oil
cireuit breaker from the source of supply in any case where isolation
cannot be effected otherwise.

1t ig recommended that oil switches used to control transformers
be outside the vaulls containing the transformers.

Order 13-7137. Switches to Be Safely Accessible.

All switches shall be so located that the point from which they are
operated is safely accessible to qualified and authorized persons. Iso-
lating switches shall be accessible to qualified persons only. Barriers
should be provided on both sides of isolating switches.

Order 13-7138. Warning Signs.

Unless isolating switches are so interlocked that they cannot be
opened under load, signs shall be installed at isolating switches warn-
ing against opening them while they are carrying current.
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OVERCURRENT PROTECTION

Order 13-7141. General.

FEach operating unit of apparatus shall be protected from over-
current by a manually or power operated circuit-breaker except as
provided in Ovder 13-7148, which will interrupt all ungrounded con-
ductors.

Order 13-7142, Number of Overcurrent Units,

The number of overcurrent units shall be as specified in Table 28,
Chapter 10.

Order 13-7143. Fuses.

Fuses of suitable rating and type, which conform to Order 13-7103,
may be used on circuits of not more than 15,000 volts for the following
purposes:

A. For the protection of individual feeder or branch circuits at
the point where they receive their supply. If there is more than one
such eircuit, there shall be a manually or power operated circuit-
breaker between the point of origin of such ecircuits and the source of
supply.

B. For the protection of motors as specified in Section 13-430.

C. For the protection of transformers as specified in Section
13-450.

D. For the protection of other classes of apparatus by special
permission. '
Order 13-7144, Injury From Fuses.

‘Fusib]e cutouts shall be so installed that the blowing of the fuse
will not result in injury to persons or damage to other equipment.
They shall be accessible to qualified attendants only.

MOTORS

Order 13-7151. General.

Motors operating at more than 600 volts shall comply with the pro-
visions of Section 13-430,

SERVICES AND SERVICE EQUIPMENT

Order 13-7152. General,
Services and service equipment shall ecomply with Section 13-230,

TRANSFORMERS

Order 13-7153. General.

Transformers operating at move than 600 volts shall comply with
the provisions of Section 13-450,

A
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GUARDING

Order 13-7161. Live Paris to Be Guarded.
If accessible to unqualified persons, all live parts, including con-
ductors, shall be enclosed or isolated.

Order 13-7162. Isolation by Elevation.
To secure isolation by elevation, the distances above the floor or
working surface shall be not less than given in Table 32, Chapter 10.

Order 13-7163. Working Space.

Except in stations, substations and vaults, under the sole control
of the supply company, adequate working space shall be provided ad-
jacent to current-carrying parts upon which repairs or adjustments
must be made while such parts are alive. The clear space when remov-
able guards are taken away shall be not less than given in Table 33
of Chapter 10. If live parts are exposed on opposite sides of the work-
ing space, a clear space of not less than 4 feet shall be provided.

Order 13-7164. Air-Break Switches and Fuses.
Air-break isolating switches and fuses shall be accessible to quali-
fied persons only.

Order 13-7165. Generator, Switching, and Motor Rooms to be Loclked.
Generator, switching, and motor rooms shall be securely locked
except while a gualified operator is present.

GROUNDING

Order 13-7171. General,

Except in stations, snbstations and vaults under the sole control of
the supply company, enclosures of metal and all non-current-carrying
parts of equipment or apparatus shall be grounded in the manner
specified in Seection 13-250.

SECTION 13-720. CIRCUITS AND EQUIPMENT OPERATING
AT LESS THAN 50 VOLTS

Order 13-7201. General.

This section shall apply to installations operating at less than 50
volts, direct current or alternating current, except such as are treated
in Sections 13-650 and 13-725.

Order 13-7202. Larger Current at Lower Voltage,

Conductors, devices, and equipment shall have current ratings suffi-
cient for the greater current required to deliver equal power at the
lower voltage than at usual voltages.

Order 13-7203. Conductors.

Conductors shall be not smaller than No. 12, and for appliance
branch circuits supplying more than one appliance or appliance ve-
ceptacle, conductors shall be not smaller than No. 10,
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Order 13-7204, Branch Circuit.

Not more than 8 lampholders or receptacles, nor a total load of

more than 320 watts, shall be connected to a branch cireuit. Motors or

appliances of rating more than 320 watts shall have a separate branch
cireuit,

Order 13-7205. Lampholders.
Standard lampholders of rating not less than 660 watts shall be used.

Note. This requirement does not apply to limited low voltage indus-
trial lighting systems. Smaller lampholders may be used for low voltage
lamps in connection with sewing machines and similar devices.

Order 13-7206. Receptacle Rating,
- Receptacles shall have a rating not less than 15 amperes.

Order 13-7207. Receptacles Required.
Receptacles of not less than 20 ampere rating shall be provided in

kitchens, laundries, and other locations where portable appliances are
likely to be used.

Order 13-7208. Overcurrent Protection.

Overcurrent protection shall comply with the provisions of Section
13-240.

Order 13-7209. Batteries.

Batteries shall conform to the following:
A. Location. Batteries shall be located in rooms or spaces having
natural ventilation.
B. Support. Battery jars and cells, if not composed of insulating
material such as glass or hard rubber, shall be mounted on insulating
supports of glass or porcelain.

Order 13-7210. Grounding,

Equipment and circuits shall be grounded as follows:

A. Machines. The grounding of frames of engines or generators is
not required.

B. Conductors. One of the eireuit conductors shall be grounded if
conductors arve run overhead between buildings, or if the circuit is
supplied through a transformer from an ungrounded cireunit or from
a grounded circuit of morve than 150 volts.

SECTION 13-725. REMOTE-CONTROL, LOW-ENERGY POWER
AND SIGNAL CIRCUITS

Order 13-7251. Scope.

Provisions of this section shall apply te remote-control circuits,
low-energy power circuits and signal cirveunits, as defined in Order
1020, Definitions.

The provisions of this section are not intended to apply Lo remote-

sontrol, low-energy or signal cireuits which form an integral part of a
device,
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Order 13-7252. Hazardous Locations.

Circuits or equipment coming within the scope of this section and
installed in hazardous locations shall also comply with the appro-
priate provisions of Section 13-500.

Order 13-7253. Classification.

Remote-control and signal circuits shall be classified as follows:

A. Class 1 Circuits. Control and signal circuits in which power is
not limited in accordance with Order 13-7281.

B. Class 2 Circuits. Control and signal cireuits in which the power
is limited in accordance with Order 13-7281.

Order 13-7254. Low-Energy Power Circuits.

Cireuits which are neither remote-control nor signal circuits, but
which have the power limited in accordance with Order 13-7281 shall,
for the purpose of this code, be treated as Class 2 remote-control
circunits,

Order 13-7255. Safety-Control Devices.

Remote-control circuits to safety-control devices, the failure of
operation of which would introduce a direct fire or life hazard, shall
be considered as Class 1 circuits.

Itoom thermostats, service hot-water temperature regulating devices,
and similar controls used in conjunction with electrically-controlled
domestic heating equipment, are not congidered to be safety-control
devices.

Order 13-7256. Remote-Control and Signal Circuits in Communica-
tion Cables.

Remote-control and signal circuits, which use conductors in the
same cable with communication circuits, shall, for the purpose of
this section, be classified as communication circuits and meet the re-
quirements of Section 13-800, of this code.

CLASS 1 SYSTEM

Order 13-7261, Wiring Method.

Conductors and equipment of Class 1 remote-control and signal
systems shall be installed in accordance with the requirements of the
appropriate sections in Chapter 3 of this code, except as provided in
Orders 13-7262 to 13-7265 inclusive.

Order 13-7262. Other Sections.

The wiring method required in Order 13-7261 does not apply where
other sections of this code specifically permit or require other methods
for remote-control or signal cireuits. See Section 13-620, Elevators,
for example.

Order 13-7263. Conductor Sizes.

Nos. 18 and 16 gauge conductors may be used if installed in a
raceway or a cable approved for the purpose, or in flexible cords in
aecordance with the provisions of Section 13-400.
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Order 13-7264. Conduetor Insulation,

Conductors larger than No. 16 shall be rubber-covered Type R,
thermoplastic-covered Type T, or other approved type. Fixed con-
ductors Nos. 18 and 16 gauge shall have an insulation at least equal
to that of Type RF-32 rubber-covered or Type TF thermoplastic-
covered fixture wire. Conductors approved for the purpose having
rubber insulation of a thickness less than specified above or having
other kinds of insulation may be used.

Order 13-7265. Number of Conductors in Raceways.

The number of conductors of remote-control or signal cireuits in a
raceway may be determined according to Tables 4 or 9 of Chapter 10;
and Note 4 of Table 1 need not be observed. Wheve there are four or
more conductors in a raceway, some of which are remote-control, as
permitted by Order 13-3011, the provisions of note 4 following Tables
1 and 2 of Chapter 10 shall apply, as determined by the number of
power and lighting circuit conductors only.

Order 13-7266. Conductors of Different Systems.

Conductors of two or more Class 1 remote-control and/or signal
cireuits may oceupy the same enclosure or raceway without regard
to whether the individual systems or ecircuits are alternating or direct
current, provided all conductors are insulated for the maximum volt-
age of any conductor in the enclosure or raceway. Conductors of
remote-control, low-energy power and signal circuits, in which the
current is limited as for Class 2 systems, shall be considered as
Class 1 system conductors for the purpose of this requirement if in-
sulated and installed in accordance with the provisions for Class 1
system conduectors. Power supply conductors may occupy the same
enclosure or raceway with Class 1 system conductors when supplying
only equipment to which Class 1 system conductors are connected.

Order 13-7267. Mechanical Protection of Remote-Control Circuits.

Where damage to a remote-control circuit would constitute a haz-
ard as covered in Order 13-7255 all conductors of such remote-control
cireuits shall be installed in conduit, electrical metallic tubing or be
otherwise suitably protected from mechanical injury.

Order 13-7268. Overcurrent Protection,

Conductors shall be protected against overcurrent in accordance
with the carrying capacities of Tables 1 and 2, Chapter 10 except as
follows:

A, Other Sections. Where other sgections of this code specifically
permit or require other overcurrent protection. See Orders 13-4372
and 13-6251.

B. Conductors of Nos. 18 and 16, Conductors of Nos. 18 and 16
shall be considered as protected by overcurrent devices of 15-ampere
rating or setting.

C. Omssion of Overcurrent Protection. In remote-control and sig-
nal circuits having main and branch cireuits, the branch circuits
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need not be individually protected against overcurrent, if the operat-
ing voltage does not exceed 30 volts.

Order 13-7269. Location of Overcurrent Protection.

Overcurrent devices shall be located at the point where the con-
ductor to be protected receives its supply unless the overcurrent
device protecting the larger conductor also protects the smaller con-
ductor in accordance with Tables 1 and 2 of Chapter 10.

Order 13-7270. Circuits Extending Beyond One Building.

Class 1 remote-control and signal circuits which extend aerially
beyond one building shall also meet the requirements of Section
13-730, Outside Wiring.

Order 13-7271. Grounding,
Class 1 remote-control and signal circuits shall be grounded in

accordance with Section 13-250 as follows:

A. If supplied by a separate control transformer from a system
having a nominal voltage to ground of more than 150 volts.

B. If run overhead outside of buildings, and so run as to he
liable to accidental contact with power conductors operating at a
potential exceeding 300 volts,

LIMITATION OF CLASS 2 REMOTE-CONTROL AND
SIGNAL SYSTEMS

Order 13-7281. Limitation of Class 2 Systems.

Class 2 remote-control and signal systems, depending on the volt-
age shall have the current limited as follows:

A, Maximum 15 Volts: 5§ Amperes. Circuits in which the open-
cireuit voltage does not exceed 15 volts and having overcurrent pro-
tection of not more than 5-amperes rating. If the current supply is
from a transformer or other device having energy-limiting character-
isties and approved for the purpose, or from primary batteries, the
overcurrent protection may be omitted.

B. 15 to 30 Volts: 3 Amperes. Circuits in which the open-cireuit
voltage exceeds 15 volts but does not exceed 30 volts, and having
overcurrent protection of not more than 3-amperes rating. If the cur-
vent supply is from a transformer or other device having energy-
limiting characteristics and approved for the purpose, or from puri-
mary batteries, the overcurrent protection may be omitted.

C. 30 to 60 Volts; 1% Amperes. Civenits in which the open-cireunit
voltage exceeds 30 volts but does not exceed 60 volts, and having
overcurrent protection of not more than 1l4-amperes rating. If the
current supply is from a transformer or other device having energy-
limiting characteristics and approved for the purpose, the overcurrent
protection may be omitted.

D. 60 to 150 Volts: 1 Ampere. Circuits in which the open-circuit
voltage exceeds 60 volts but does not exceed 150 volts, and having
overcurrent protection of not more than l-ampere rating, provided
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that such circuits arve equipped with current-limiting means other
than overcurrent protection which will limit the current as a result
of a fault to not exceeding 1 ampere,

Order 13-7282. Overcurrent Protection and Mounting.

Where current is limited in Class 2 systems by means of over-
current protection, such protection and its mounting shall be approved
for the purpose. Overcurrent protection of different ratings shall not
be of an interchangeable type. The overcurrent protection may be an
integral part of a transformer or other power supply device approved
for the purpose.

Order 13-7283. Transformer Rating.

Transformer devices supplying Class 2 systems shall be approved
for the purpose and be restricted in their rated output to not exceed-
ing 100 volt-amperes. They shall be marked where plainly visible to
show the voltage to be applied to the circuit.

A transformer is considered as meeting the 100 volt-ampere require-

ment if the approximate temperature limit is reached at a 100-volt-
ampere load.

INSTALLATION OF CLASS 2 REMOTE-CONTROL AND
SIGNAL CIRCUITS

Order 13-7291. On Supply Side of Overcurrent Protection, Trans-
formers or Current-Limiting Devices,

Conductors and equipment on supply side of overcurrent protec-
tion, transformers or current-limiting devices shall be installed in
accordance with the appropriate requirements of Chapter 3 of this
code. Transformers or other devices supplied from electric light and
power circuits shall be protected by an overcurrent device with a
rating or setting not exceeding 15 amperes.

Order 13-7292. On Load Side of Overcurrent Protection, Transformer
or Current-Limiting Devices.

‘Conductors on load side of overcurrent protection, transformer or
current-limiting devices shall be insulated and shall comply with the
following:

A, Separation from Other Conductors. Conductors shall be sepa-
rated from conductors of electric light and power circuits as follows:

1. Open Conductors. Conductors shall be separated at least 2
inches from any light or power conductors not in a raceway unless
permanently separated from the conductors of the other system by a
continuous and firmly fixed nonconductor, such as porcelain tubes or
flexible tubing, additional to the insulation on the wire.

2. In Raceways and Boxes. Conductors of Class 2 remote-control
and signal circuits shall not be placed in any raceway, compartment,
outlet box or similar fitting with conductors for either light and
power cireuits or Class 1 signal and control cireunits, unless the con-
ductors of the different systems are separated by a partition; pro-
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vided that this shall not apply to conductors in outlet boxes, junction
boxes or similar fittings or compartments where power supply con-
ductors are introduced solely for supplying power to the remote-
control or signal equipment to which the other conductors in the
enclosure are connected.

3. In Shafts. Conductors may be run in the same shaft with con-
ductors for light and power if the conductors of the two systems are
separated at least 2 inches, or if the conductors of either system are
encased in noncombustible tubing. In hoistways, conductors shall be
installed in rigid conduit or electrical metallic tubing except as pro-
vided for in paragraph A of Order 13-6206.

B. Vertical Runs. Conductors bunched together in a vertical run
in a shaft shall have fire-resistant covering capable of preventing the
carrying of fire from floor to floor, except where conductors are
encased in noncombustible tubing or are located in a fireproof shaft
having fire stops at each floor.

The kind of insulation for the conductors shall be suitable for the
particular application but is not specified in further detail as reliance
iz placed on current limitation to stop dangerous currents, Where 3 or

more conduectors are used, it is recommended that such conductors he
grouped under a common braid or covering.

Order 13-7293. Circuits Extending Beyond One Building.

Class 2 remote-control and signal eircuits which extend beyond
one building and are so run as to be subject to accidental comtact
with light or power conductors operating at a potential exceeding 300
volts, shall also meet the requirements of Orders 13-8011, 13-8021,
and 13-8022 of Section 13-800 of this code.

Order 13-7294. Fire Alarm Wiring.

The energy for operation of fire alarm systems shall be taken from
sources suited to the design of the system. Primary batteries shall
not be used.

A 3-wire 110-220 volt service will be accepted for supervised sys-
tems provided the operating current is secured from one ungrounded
conductor and the neutral or grounded conductor and the current for
operating trouble signal or signals is secured from the other un-
grounded conductor and the neutral or grounded conductor.

Electrical wiring in connection with fire alarm systems shall be
installed in rigid metal conduit, flexible metal conduit, electrical
metallic tubing or surface metal raceway. Armored cable (metal)
may be used where it can be fished in hollow spaces of walls or par-
titions in apartments or rooming houses not over three stories in
height, Where the wiring is subject to excessive moisture or severe
mechanical injury, vigid metal conduit shall be used, The smallest
size conductor to be used in any fire alarm system in a building over
three stories in height shall be No. 14 AWG or No. 16 AWG for
buildings not over three stories in height. The wires shall be pro-
vided with insulation suitable for use on cireuits not exeeeding 600
volts. Fire alarm systems shall be connected to the line side of the
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main service switch or to the emergency bus, where available, through
an approved fire alarm cut-out or equivalent.

See Order 5124 of the Wisconsin State Building Code for general
requirements covering fire alarm systems.

SECTION 13-730. OUTSIDE WIRING

Ovder 13-7301. Scope.

The requirements of this section shall apply to electrical equipment
or wiring located on private or public premises, attached to the out-
side of or run between buildings or structures, but shall not apply to
wiring for signs and other extensions of interior wiring, nor to equip-
ment or wiring of an electric or communication utility used in the
exercise of its function as a utility, except as otherwise provided in
this code.

Note: For detailed orders governing the construction of facilities by a

utility in the exercise of ils function as a utility see Volume 1 of the
Wisconsin State Electrical Code.

Order 13-7302. Application of Other Sections.

Equipment and wiring for service conductors shall comply with
Section 13-230. Equipment and wiring located in hazardous locations
~ shall eomply with Section 13-500, Equipment and wiring for signs

and outline lighting shall comply with Section 13-600. Equipment and
wiring for remote control, low-energy power and signal circuits shall
comply with Section 18-725 and equipment and wiring for communi-
cation circuits shall comply with Section 13-800.

Note: All outside lines overhead or underground operating at more
than 760 volts shall be constructed in nccordance with the requirements
of Volume 1 of the code,

Tor detailed orders covering line work, reference is made to Part 2
of the Wisconsin State BElectrical Code,

Iror signs and outline lighting, see Section 13-600,
For signal and control wiring, see Section 13-725.

GENERAL
Order 13-7311, Wiring Method.

Outside wiring may be installed as open conductors on insulating
supports, as multiple-conductor cable approved for the purpose, in
rigid metal conduit, in busways as provided in Orders 13-2331 and
13-3646, or in electrical metallic tubing; except that for circuits of
more than 600 volts run on the exterior building walls, conductors
may be installed in electrical metallic tubing only for sign and out-
line lighting as provided in Section 18-600. Except as provided in
Order 13-2387, other conductors of more than 600 volts shall be in-
stalled in rigid metal conduit or ecable approved for the purpose.

Nole: Tor outside wiring of more than 750 volts the requirements of
Part 2 of Volume 1 should be used,

Order 13-7312. Common Neutral.

For the supply of lighting equipment installed on a single pole or

structure, the branch circuits shall comply with the requirements of
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Section 13-210 for multi-wire branch-circuits. A commen neutral may
be employed for the branch cireuits, provided not more than 8 un-
grounded conductors are used. Such a common neutral shall have a
carrying capacity not less than twice the carrying eapacity of one of
the ungrounded conductors.

Order 13-7313. Conductor Insulation.

Open conductors supported on insulators shall be of the rubber-
covered type, thermoplastic type or weatherproof (Type WP), where
within 10 feet of any building or structure. Conduetors in cables or
raceways shall be of the rubber-covered type or thermoplastic type,
and in wet locations shall comply with paragraph B of Order 13-3102.
Conductors for festoon lighting shall be of the rubber-covered or
thermoplastic type.

Order 13-7314., Size of Conductors.
The size of conductors shall conform to the following:

A. Carrying Capacity. Conductors shall eonform to the allowable
current-carrying capacities of Tables 1 and 2 of Chapter 10.

B. Overhead Spans. Overhead conductors shall not be smaller than
No. 10 for spans up to 50 feet in length, and not smaller than No. 8
for longer spans.

C. Festoon Lighting, Overhead conductors for festoon lighting shall
not be smaller than No. 12 unless supported by messenger wires.

D. Over 600 Volts. Overhead conductors of over 600 volts shall not
be smaller than No. 6 unless in cable. Conductors in cable shall not be
smaller than No. 8. Conductors operating at more than 750 volts shall
comply with the requirements of Part 2 of the Code.

OPEN CONDUCTORS

Order 13-7321. Supports.
Open conductors shall be supported as follows:

A. Open Conductors, Open conductors shall be supported on glass
or porcelain knobs, racks, brackets, or strain insulators, approved for
the purpose.

B. Festoons. In spans exceeding 40 feet the conductors shall be
supported by a messenger wire supported by approved strain insu-
lators. Conductors or messenger wires shall not be attached to any
fire escape, downspout, or plumbing equipment.

C. Mechanieal Protection. Open conductors shall not be within 8
feet from the ground, shall not be readily accessible and shall not be
subject to mechanical disturbance. Conductors within 8 feet from the
ground, when readily accessible, or when subjected to mechanical
disturbance, shall be protected by conduit, electrical metallic tubing,
or equivalent protection.

D. Owver 750 Volts. Supports carrying conduetors operating at over
760 volts shall meet the requirements of Part 2, Volume 1 of this
code,
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Order 13-7322. Spacings.

Conductors shall conform to the following spacings:

A. Open Conductors Not Exposed to Weather. Open conductors
not exposed to the weather shall be supported at intervals not ex-
ceeding 4% feet, and shall be separated not less than 2% inches from
each other and 1 inch from the surface wired over.

B. Open Conductors Exposed to the Weather, Except in open spans,
conductors exposed to the weather shall be supported at intervals
not exceeding 9 feet, separating the conductors at least 6 inches
from each other and at least 2 inches from the surface wired over;
provided that supports may be placed at intervals not exceeding 15
feet if conductors are sepavated at least 12 inches from each other.
For 300 volts or less, conductors may have a separation of mot less
than 3 inches if supports are placed at intervals not exceeding 4%
feet and conductors are not less than 2 inches from the surface wired
over. In open spans conductors shall be separated at least 12 inches
from each other.

C. Over 600 Volts. Except in open spans, open conductors of cir-
cuits of over 600 volts shall be separated not less than 8 inches from
each other and not less than 2 inches from the surface wired over
for voltages of 2500 volts or less and 3 inches for voltages exceeding
2500 volts but not exceeding 8700 volts. In open spans, conductors
shall meet the requirements of Part 2, Volume 1 of this code.

D. Separation from Other Conductors. Open conductors shall be
separated from open conductors of other cireuits or systems by not
less than 4 inches.

T, Line Conductors. Line conductors shall have a separation of
not less than 1 foot if operating at a voltage of 750 wvolts or less. If
operating at more than 750 volts the requirements of Part 2 shall be
followed. If conductors of less than 750 volls are placed on racks on
poles the separation shall be 4 inches for spans up to 150 feet, 6
inches for spans up to 200 feet, 8 inches for spans to 250 feet, and

12 inches for spans up to 300 feet.

Power conductors should be placed above communication conduc-
tors. For power conductors operating at less than 300 volts a climb-
ing space of 24 inches shall be provided. If operating between 300
volts and 8,700 volts, 30 inches shall be provided. For higher voltage,
see Part 2 of the Code. The climbing space for communication con-
ductors shall be the same as required by power conductors above them.

Order 13-7323. Clearance from Ground.
Conductors shall have the following clearances from ground:

ELECTRICAL CODE—ORDER 13-7325 267
0-150 150-300  800-600 Over 600
Volta Volts Volta Volts
TFeet Feat TFect Foeet
Over Footwalks and Spaces Accessible to '

Pedestriang only- oo 10 12 15 *
Over Driveways to Residence Garages- - - .-~ 12 12 12 *
Service Attached to Building above Ground.. .. 10 i i 15 »
Over Farm Driveways. - cavocoooooomammmoe - 15 15 | 15 #*
Over Parking Lots, Drive-ins, and Commereial

Wi L e R e e e 12 12 * bt
Over Streets or Alleys in Urban Distriets_ ____ .- 18 18 18 i
Over Areas Used for Apricultural Purposes. ... S 15 15 *
Along Roads in Urban Distriets. ____ .. ____.... 18 18 18 *
Along Roads in Rural Distriets____.____ ...~ 15 15 15 *

*Zpe Part 2 Volume 1 of this Code.

Order 13-7324, Clearance from Buildings.
Conductors shall have a clearance from buildings as follows:

These requirements apply specifically to open conduetors, but where
other approved wiring methods as provided in Order 13-7311 are em-
ployed it is necessary to obtain clearance spacings, ete, as called for by
paragraphs A and/or B of this order or hy attaching the raceways,
cables, or messenger-supported cables in an approved manner,

A. Ower Roofs. Open conductors (600 volts or less) shall not be less
than 8 feet from the highest point of roofs but service drops operat-
ing at 300 volts or less may be not less than 3 feet from the highest
point of roofs that cannot be readily walked upon. Conductors attached
to roof structures shall be substantially supported. Wherever practi-
cable, conductors crossing over buildings shall be supported on struc-
tures which are independent of the building. For voltages over 600
volts see Part 2 Volume 1 of this code.

B. Hovizontal Clearances. Open conductors shall be not less than
36 inches from windows, doors, porches, fire escapes, or similar loca-
tions and shall conform to the following:

1. Zone for Fire Ladders. If buildings exceed 3 stories, or 50
feet in height, overhead lines shall be arranged where practicable so
that a clear space (or zone) at least 6 feet wide will be left either
adjacent to the buildings or beginning not over 8 feet from them, to
facilitate the raising of ladders when necessary for fire fighting.

2. Less Than 8700 Volts. Open conductors of less than 8700 volts
between conductors shall be at least 8 feet horizontally from build-
ings unless 8 feet higher than the roof. ’ '

3. Exceeding 8700 Volts. See Part 2 Volume 1 of this code.

4, Service Drops. Service drops or final spans of feeders to build-
ings which they serve or from which they are fed must necessarily
approach the building more closely than indicated, but they shall be
kept away from windows, doors, porches, fire escapes or similar loca-
tions and shall be run to the building in such a way as to avoid any
hazard.

Order 13-7325. Protection on Buildings or Structures.

Where open conductors are subject to mechanical disturbance, or
are readily accessible, they shall be protected by rigid metal conduit,
electrieal metallic tubing, shall be of multiple conductor cable approved
for the purpose, or shall have equivalent protection.
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Order 13-7326. Protection on Poles,

Conductors on a pole shall be protected from mechanical injury
to a point at least 8 feet from the ground. Such protection shall con-
form to Order 13-7325.

Order 13-7327. Entering Buildings—Drip Loops.
Open conductors where they enter or leave a building shall pass
upward and inward through slanting, non-combustible, non-absorptive

insulating tubes. Drip loops shall be formed on the conductors out-
side the building.

MULTIPLE-CONDUCTOR CABLES

Order 13-7331, Multiple-Conductor Cables.

Multiple-conductor cables of Type SD shall have insulating supports
at intervals not exceeding 15 feet and maintaining a distance of not
less than 2 inches from the surface wired over; and shall be protected
where within 8 feet from the ground or where subject to mechanical
injury. Multiple-conduetor cables of Type SE or ASE mounted in
contact with the building shall be supported at intervals not exceed-
ing 41 feet,

RACEWAYS
Order 13-7341. Raceways,

Conduit and electrical metallic tubing on exterior of buildings shall

be made rain-tight and suitably drained.

UNDERGROUND CONDUCTORS

Order 13-7351. Mechanical Protection.

Underground conductors shall be protected against mechanical in-
jury by being installed in duct, in the form of a cable approved for
the purpose or by other approved means.

Order 13-7352. Draining.
Underground conduits or ducts, when not located below the frost
line, shall be arranged to drain.

Order 13-7353. Protection Where Entering Building.

Where undergroud conductors enter a building, they shall have
mechanical protection in the form of rigid or flexible conduit, electrieal
metallic tubing, auxiliary gutters, or cables approved for the purpose,
or other approved means,.

Order 13-7354. Protection on Poles.
Underground conductors carried up a pole shall conform to Order
13-7326.
FIXTURES
Order 13-7361. Lampholders.

Lampholders shall be of molded composition, or other approved
material of the weatherproof type, and if they ave attached as pend-
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ants shall have the conneetions to the cirvenit wires staggered, If
lampholders have terminals of a type which puncture the insulation

and make contact with the conductors, they shall be attached only to
conductors of the stranded type.

Order 13-7362. Location of Lamps.

For outdoor lighting, lamps shall be located below all live con-
ductors, transformers, or other electrical equipment, unless clearances
or other safeguards are provided for relamping operations, or unless
the installation is controlled by a disconnecting means which can be
locked in the open position.

Order 13-7363. Overcurrent Protection.

C_ohductors supplying outdoor lighting fixtures and utilization
equllpment shall be protected in the same manner as conductors sup-
plying interior lamps and equipment. See Table 2, Chapter 10,

Note: IT No. 14 conductors are used, over-current protection rated at

not more than 15 amperes shall he provided. For No, 12 conductors this
may be inereased to 20 amperes,

Order 13-7364. Splices and Taps.

All splices and taps shall be made mechanically and electrically
secure by one of the methods described in Order 13-1118,
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Chapter 8. Communication Systems

SECTION 13-800. COMMUNICATION CIRCUITS

Order 13-8001. Scope.

The provisions of this section shall apply to telephone, telegraph
(except radio), district messenger, fire and burglar alarms, and simi-
lar central station systems. Circuits and apparatus coming within the
scope of this section and installed in Class I hazardous locations, shall
comply with Order 13-5024 of Section 13-500.

Such protective measures as are essential to safeguard these systems

under the various conditions to which they are subjected are outlined
in these rules.

PROTECTION

Order 13-8011, Protective Devices,

A protector approved for the purpose shall be provided on each cir-
cuit, aerial or underground, so located within the block containing the
building served as to be liable to accidental contact with light or power
conductors operating at a potential exceeding 300 volts, and on each
¢ircuit run partly or entirely in aerial wire or cable not confined
within a block.

The word "block” as used in this section shall be construed to mean
a square or portion of a city, town, or village enclosed by streets and
including the alleys so enclosed but not any street,

A. Location. The protector shall be located in or on the building
as near as practicable to the point where the conductors enter. In the
case of an underground entrance the protector may be located at the
junction of the underground and the aerial wires.

B. Hazardous Loeations, The protector shall not be located in any
hazardous loeation as defined in Section 13-500, nor in the vicinity of
eagily ignitible material,

C. Protector Requirements. The protector shall be mounted on a
nen-combustible, non-absorptive insulating base and shall consist of
an arrester between each line conductor and the ground, and a fuse in
each line conductor, the fuses protecting the arrester except as speci-
fied in paragraph D. The protector terminals shall be plainly marked
to indicate line, instrument, and ground.

D. Metal Sheathed Cable. Fuses protecting the arrester may be
omitted on cireuits entering a building through metal sheathed cable,
provided the metal sheath of the cable is grounded and the conductors
in the cable are No. 24 or smaller.

Order 13-8012. Installation of Conductors.

Conductors from the protector to the equipment or, where no pro-
tector is required, conductors attached to the outside of, or inside, the
building shall comply with the following:

-
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A. Separation From Other Conductors. Conductors shall be sep-
arated from conductors of electric light and power cireuits as follows:
1. Open Conductors. Conductors shall be separated at least 2
inches from any light or power conductors not in metallic raceways
or metal sheathed cable unless permanently separated from the con-
ductors of the other system by a continuous and firmly fixed non-
conductor, additional to the insulation on the wire, such as porcelain
tubes or flexible tubing.

2. In Raceways and Boxes. Communication conductors shall not
be placed in any raceway, compartment, outlet box, junction box or
similar fitting with conductors for light and power circuits or Class 1
signal and control cireuits unless the conductors of the different sys-
tems are separated by a partition; provided, that this shall not apply
to conductors in outlet boxes, junction boxes or similar fittings or
compartments where such conductors are introduced selely for power
supply to communication equipment or for connection to remote-
control equipment.

3. In Shafts. Conductors may be run in the same shaft with con-
ductors for light and power if the conductors of the two systems are
separated at least 2 inches, or if the conductors of either system are
encased in non-combustible tubing.

B, Vertical Runs, Conductors bunched together in a vertical run
in a shaft shall have a fire-resistant covering capable of preventing
the carrying of fire from floor to floor, except where conductors are
encased in non-combustible tubing or are located in a fireproof shaft
having fire stops at each floor.

The conductors referred to in thisz order would ordinarily be insulated

but the kind of insulation is not specified as reliance is placed on the
protective device to siop all dangerous voltages and currents.

'C. Neatly Arranged. Conductors shall be neatly arranged and shall
be secured in place in a workmanlike manner,

OUTSIDE CONDUCTORS

Order 13-8021. Overhead Conductors.

Overhead conductors entering buildings shall comply with the
following:

A, On Poles. Where the communication conductors and light or
power conductors are supported by the same pole, the following con-
ditions shall be met:

1. Relative Location. The conductors should preferably be located
below the light or power conductors.

2. Attachment to Cross Arms. Conductors shall not be attached
to a crossarm which carries light or power conductors.

3. Climbing Space. The climbing space through signal condue-
tors shall comply with the requirements of Part 2 Volume 1 and
Order 13-7322.

B. On Roofs. Conductors passing over buildings shall be kept at
least 8 feet above any roof which may be readily walked tipon, except
gmall auxiliary buildings such as garages and the like.
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C. Circuils Requiring Protectors. Circuits which requive protectors
(see Order 13-8011) shall comply with the following:

1. Insulation, Single or Paired Conductors. Each conductor, from
the last outdoor support to the protector, shall have #:-inch rubber
insulation, except that when such conductors are entirely within a
block the insulation on the conductor may be less than y:-inch, but
not less than 1/40-inch in thickness. In addition, the conductor, either
individually or over the pair, shall be covered with a substantial
fibrous covering or equivalent protection. Conductors approved for
the purpose having rubber insulation of a thickness less than speci-
fied above, or having other kinds of insulation may be used.

2. Insulation, Cables. Conductors within a cable of the metal-
sheathed type, or within a cable having a rubber sheath of at least
Fz-inch thickness and covered with a substantial fibrous covering, may
have paper or other suitable insulation. If the metal or rubber sheath
is omitted, each conductor shall be insulated as required in sub-
paragraph C-1 of this order, and the bunched conductors shall be
covered with a substantial fibrous covering or equivalent covering.

3. On Buildings. Open conductors shall be separated at least 4
inches from light or power conductors not in conduit or cable, unless
permanently separated from conductors of the other system by a con-
tinuous and firmly fixed non-conductor additional to the insulation on
the wires, such as porcelain tubes or flexible tubing. Open conductors
exposed to accidental contact with light or power conductors operating
at over 300 volts, and attached to buildings, shall be separated from
woodwork by being supported on glass, porcelain or other insulating
material approved for the purpose.

4. Entering Buildings. Except when a protector is installed on
the outside of the building, or the entering conductors are in a cable
or pass through masonmvy, the conductors shall enter the building
either through non-combustible, non-absorptive insulating bushings,
or through a metal raceway. Raceways or bushings shall slope up-
ward from the outside or where this cannot be done, drip loops shall
be formed in the conductors immediately before they enter the build-
ing. Raceways shall be equipped with an approved service head. More
than one conductor may enter through a single raceway or bushing.
Conduits or other metallic raceways located ahead of the protector
shall be grounded.

Order 13-8022. Lightning Conductors.

When practicable, a separation of at least six feet shall be main-
tained between open conductors of communication systems on build-
ings and lightning conductors.

UNDERGROUND CIRCUITS

Order 13-8031. Underground Circuits.

Underground conductors of signal and control ecircuits entering
buildings shall comply with the following:

A. Not With Electrie Light or Power Conductors. Underground
conductors shall not be placed in a duet, handhole, or manhole coun-
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taining electric light or power conductors, except in a secction sepa-
rated from such conductors by means of brick, concrete, or tile
partitions.

B. Underground Block Distribution, Where the entire street cir-
cuit is run underground and the cireuit within the block is so placed
as to be free from liability of accidental contact with clectric light or
power circuits of over 300 volts, the insulation requirements of sub-
paragraphs C-1 and C-4 of Order 13-8021 shall not apply, the con-
ductors need not be placed on insulating supports and no bushings
shall be required where the conductors enter the building.

GROUNDING

Order 13-8041. Grounding.
Equipment shall be grounded as follows:

. A. Cable Sheath. The metal sheath of aerial cables entering build-
ings and which are liable to contact with electric light or power con-
ductors shall be grounded or shall be interrupted close to the entrance
to the building by an insulating joint or equivalent device.

B. Protector Ground. The protector ground shall comply with the
following:

1. Insulation. The grounding conductor shall have a 42 ineh
?*ubber insulation and shall be covered by a substantial fibrous cover-
ing. Co?ductors approved for the purpose having less than s inch
rubber insulation or having other kinds of insulation may be used.

2. Size. The grounding conductor shall not be smaller than No.
18 copper,

. 3. Rufz in Straight Line. The grounding conductor shall be run
in as straight a line as practicable to the grounding electrode.

4. Mechanical Injury. Where necessary, the grounding conductor
shall be guarded from mechanical injury.

b. Electrode. The grounding conductor shall preferably be con-
nected to a water pipe electrode. In the absence of a water pipe, con-
ngc'tion may be made to a continuous and extensive underground gas
piping system, to an effectively grounded metallic structure, or to a
ground rod or pipe driven into permanently damp earth. Steam or hot
water pipes, or lightning rod conductors shall not be employed as
electrodes for protectors. A driven rod or pipe used for grounding
power circuits shall not be used for grounding communication circuits
unless the driven rod or pipe is connected to the grounded conductor
of a multi-grounded neutral power system. The requirements for sepa-
rate made electrodes for power and lighting system grounds, those
for communieation systems, and those for a lightning rod installation
shall not prohibit the bonding together of all such made electrodes.
See Order 13-2586.

6. Electrode Connection. The grounding conductor shall be at-
tached to a pipe electrode by means of a holted clamp to which the
conductor is soldered or otherwise connected in an effective manner.
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If a gas pipe electrode is used, connection shall be made between the
gas meter and the street main. In every case the connection to the
grounding electrode shall be made as close to the earth as practicable.

SECTION 13-810. RADIO EQUIPMENT

Order 13-8101. Scope,

This section shall apply to radio and television receiving equipment
and to amateur radio transmitting equipment, but shall not apply to
equipment and antennas used for coupling carrier current to power
line conductors, or to police or emergency radio systems.

It iy recommended that the authority enforeing this code be freely
consulted as to the specific methods to be followed in any case of doubl
relative to installation of antenna and counterpoise conduectors and
that the National Electrical Safety Code, Part 5, be followed.

Such additional requirements applying to outside line conductors as
are found in Part 2, Vol. 1 of the code must he observed.

Order 13-8102. Application of Other Sections,
Wiring from the source of power to and between devices connected

to the interior wiring system shall comply with Chapters 1 to 6, in-
clusive, except as modified by Orders 13-6403, 13-6404, and 13-6405.

Wiring for radio-frequency and audio-frequency equipment and loud

speakers shall comply with Section 13-640.

ANTENNA SYSTEMS—GENERAL

Order 13-8111, Material.

Antenna, counter-poise and lead-in conductors shall be of hard
drawn copper, bronze, aluminum alloy, copper-clad steel or other high
strength, corrosion resistant material. Soft drawn or medium drawn
copper may be used for lead-in conductors where the maximum span
between points of support is less than 35 feet.

Order 13-8112, Supports.

Outdoor antenna and counter-poise and lead-in conductors shall be
securely supported. They shall not be attached to poles or similar
structures carrying electric light or power wires or trolley wires of
more than 250 volts. Insulators supporting the antenna or counter-
poise conductors shall have sufficient mechanical strength to safely
support the conductors. Lead-in conductors shall be securely attached
to the antenna.

In caleulating the size of antenna supports located on buildings or
where they may fall on buildings, power lines, communication or sig-
nal lines the wind pressure shall be taken as 20 lbs. per square foot
on the exposed. lattice area on one face. In the case of isolated an-
tenna supports a wind pressurve of 6 lbs. per square foot of lattice
area on one face shall be used. A factor of safety of 2.5 shall be
used. Strengths of single or restricted base supported antennas may
be met by guying.
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Order 13-8113. Avoidance of Contacts with Conductors of Other
Systems.

Outdoor antenna, counter-poise and lead-in conductors from an an-
tenna to a building shall not cross over electric light or power circuits
and shall be kept well away from all such circuits so as to avoid the
possibility of accidental contact. Where proximity to electric light and
power service conductors of less than 250 volts cannot be avoided, the
installation shall be such as to provide a clearance of at least two
feet. It is recommended that antenna and counter-poise conductors be
so installed as not to cross under electric light or power conduetors.

Order 13-8114. Splices.

Splices and joints in antenna and counter-poise span shall be made
with approved splicing devices or by such other means as will not
appreciably weaken the conductors.

Soldering may ordinarily be expected to weaken the conductor. There-

fore, when gsoldering is employed it should be independent of {he
mechanical support.

Order 13-8115, Structures,

Metal structures supporting antennas shall be permanently and
effectively grounded. See Order 13-2592.

ANTENNA SYSTEMS—RECEIVING STATION

Order 13-8121. Size of Wire-Strung Antenna and Counter-poise,

A, Outdoor antenna and counter-poise conductors for receiving
stations shall be of a size not less than given in the following table:

Minim Size of Conductors when
Maximum Open Span Length Is
- Leas than 35 feet to Over
Material 3 £
ﬁ‘luminum alloy, hard-drawn copper.______________ 4 1f$;mt Ia{?lieet IE';OmI'enL
Copper-clad steel, bronze or other high strength
L T T | R et e e T e 20 17 14

For very long span lengths larger conductors will be ired i
PTNrel fo Toh m'gnd o '8 e required, depending on the length of

B. Self-Supporting Antennas. Outdoor antennas, such as vertical
rods or dipole structures, shall be of non-corrodible materials and of
strength suitable to withstand ice and wind loading conditions.

C. Loading. A wind loading of 20 pounds per square foot on the

Projected area and a factor of safety of 2.5 shall be used in calculat-
ing antenna support sizes,

Order 13-8122, Size of Lead-In.

Lead-in conductors from outside antenna, and counter-poise for re-
ceiving stations, shall, for various maximum open span lengths, be of
such size as to have a tensile strength at least as great as that of the
conductors for antenna as specified in Order 13-8121. When the lead-in
consists of two or more conductors which are twisted together or are
enclosed in the same covering or are concentric, the conductor size
shall, for various maximum open span lengths, be such that the tensile
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strength of the combination will be at least as great as that of the
conductors for antenna as specified in Order 13-8121.

Order 13-8123. Clearances. ‘

A. On Buildings Outside. Lead-in conductors attached to buildings
shall be so installed that they eannot swing closer than two feet fo
the conductors of circuits of 250 volts or less or ten feet to the con-
ductors of circuits of more than 250 volts, except that in the case of
circuits not exceeding 150 volts, if all conductors involved are sup-
ported so as to insure permanent separation, the clearance may be
reduced but shall not be less than four inches. The clearance .bctwf:en
lead-in conductors and any conductor forming a part of a llgh!;nmg
rod system shall be not less than six feet unless the bonding referred
to in Order 18-2586 is accomplished.

B. Antennas and Lead-Ins—Indoors, Indoor antennas and indoor
lead-ins shall not be run nearer than two inches to conductors of
other wiring systems in the premises unless
(1) such other conductors are in metal raceways or cable armor, or
(2) unless permanently separated from such other ccnducto.rs by a

continuous and firmly fixed non-conductor such as porcelain tubes
or flexible tubing.

Order 13-8124. Electric Supply Circuits Used in Lieu of Antenna.

If an electric supply circuit is used in lieu of an antenna, the d.evic_e
by which the radio receiving set is connected to the supply circuit
shall be specially approved for the purpose.

ANTENNA SYSTEM—TRANSMITTING STATIONS

Order 13-8131. Size of Antenna. .
Antenna and counter-poise conductors for transmitting station shall
be of a size not less than given in the following table:

Minimum’ 8ize "of Conduetors
‘When!Maximum Open Sps_m

Length Is
i than Over
Matwal Ii%'?ls fetlat 150 feet
10
Hard-drawn cop er_____..._.._...._....._.._...-_T_] _____ 11: i
Copper-clad steel, bronze or other high strength material____

Far very long gpan length larger conduetors will be required, depending on the span length
and the ice and wind loading.

Order 13-8132. Size of Lead-In Conductors. .

Lead-in conduetors for transmitting stations shall, for wvarious
maximum span lengths, be of a size at least ag great as that of con-
ductors for antenna as specified in Order 13-8131.

Order 13-8133. Clearance on Building. ‘
Antenna and counter-poise conductors for tt'ansmittit}g stations,
attached to buildings, shall be firmly mounted at least 3 inches clear
of the surface of the building on non-absorptive insulating Suppol"ts,
such as treated pins or brackets, equipped with insulators having
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not less than 3-inch creepage and air-gap distances. Lead-in conduec-
tors attached to buildings shall also eonform to these requirements,
except when they are enclosed in a continuous metallic shield which
is permanently and effectively grounded. In this latter case the
metallic shield may also be used as a conductor,

Order 13-8134. Entrance to Building,

Except where protected with a continuous metallic shield which is
permanently and effectively grounded, lead-in conductors for transmit-
ting stations shall enter buildings by one of the following methods:

A. Through a rigid, non-combustible, non-absorptive insulating
tube or bushing.

B. Through an opening provided for the purpose in which the
entrance conductors are firmly secured so as to provide a clearance of
at least 2 inches.

C. Through a drilled window pane,

Order 13-8135. Protection Against Accidental Contact,

Lead-in conductors to radio transmitters shall be so loecated or in-
stalled as to make accidental contact with them difficult.

PROTECTORS

Order 13-8141. Lightning Arresters—Receiving Stations.

Each conductor of a lead-in from an outdoor antenna shall be pro-
vided with a lightning arrester approved for the purpose, except
that if the lead-in conductors are enclosed in a continuous metallic
shield the lightning arrester may be installed to protect the shield
or may be omitted if the shield is permanently and effectively
grounded. Lightning arrvesters shall be located outside the building,
or inside the building between the point of entrance of the.lead-in
and the radio set or transformers, and as near as practicable to the
entrance of the conductors to the building. The lightning arrester

shall not be located near combustible material nor in a hazardous
location.

Order 13-8142. Lightning Al'resters—-Transmitting Stations.

Except where protected by a continuous metallie shield which is
permanently and effectively grounded, or the antenna is permanently
and effectively grounded, each conductor of a lead-in for outdoor
antenna shall be provided with a lightning arrester or other suitable
means which will drain static charges from the antenna system.

GROUNDING CONDUCTORS—GENERAL
Order 13-8151. Material,

The grounding conductor shall, unless otherwige specified, be of
copper, copper-clad steel, aluminum, bronze, or other corrosion-
resistant material.
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Order 13-8152. Insulation,
The grounding conductors may be uninsulated.

Order 13-8153. Supports.

The grounding conductors shall be securely fastened in place and
may be directly attached to the surface wired over without the use
of insulating supports.

Order 13-8154. Mechanical Protection.

The grounding conductor shall be protected where exposed to
mechanieal injury.

Order 13-8155. Run in Straight Line.

The grounding conductor shall be run in as straight a line as pos-
sible from the antenna mast and/or lightning arrester to the ground-
ing electrode. : ‘

Order 13-8156. Ground Electrode.

The grounding conductor shall be connected to a grounding electrode
as specified in Orders 13-2581 and 13-25683 of Section 13-250.

GROUNDING CONDUCTORS—RECEIVING STATIONS

Order 13-8161. Inside or Outside Building,
The grounding conductor may be run either inside or outside the
building.

Order 13-8162. Size of Protective Ground.

The protective grounding conductor for receiving stations shall be
not smaller than No. 14 copper, No. 12 aluminum or No. 17 copper
clad steel or bronze, provided that where wholly inside the building it
shall not be smaller than No. 18,

Order 13-8163. Common Ground.
A single grounding conductor may be used for both protective and
operating purposes.

If a single conductor is so used, the ground terminal of the equipment
should be connecled to the ground terminal of the protective device,

GROUNDING CONDUCTORS—TRANSMITTING STATIONS

Order 13-8171. Size of Protective Ground.

The protective ground conductor for transmitting stations shall be
as large as the lead-in, but not smaller than No. 14 copper, bronze, or
copper-clad steel.

Order 13-8172. Size of Operating Grounding Conductor,

The operating grounding conductor for transmitting stations shall
be not less than No. 14 copper or its equivalent,
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INTERIOR INSTALLATION—GENERAL

Order 13-8181. Radio Noise Suppressors.

Radio interference eliminators, interference capacitors or radio
noise suppressors connected to power supply leads shall be of a type

:dp.prnved for the purpose. They shall not be exposed to mechanieal
injury,

TRANSMITTING STATIONS

Order 13-8191. Clearance from Other Conductors.

‘ Except as provided in Section 13-640, all conductors inside the build-
ing shz}H be separated at least 4 inches from the conductor of any
other light or signal eireuit unless separated therefrom by conduit or

Eo;r}e firmly fixed non-conductor such as Dorcelain tubes or flexible
ubing.

Order 13-8192. General,
Transmitters shall comply with the following:

A, .E’nclosing. The transmitter shall be enclosed in a metal frame
or g_m][e, or separated from the operating space by a barrier or other
equivalent means, all metallic parts of which are effectually connected
to ground.

B. Gmund_z’ng of Controls. All external metallic handles and con-
trols accessible to the operating personnel shall be effectually
grounded.

No cireuit in excess of 15

0 wvolts should 1} y i
direct contact. A complete d have any parts exposed to

cadfront type of switchboard is preferred,

C. Interlocks on Doors, All access door
terlocks which will disconnect all voltages
any access door is opened,

D. Audio-Amplifiers, Audio-amplifiers which are located outside the

transmitter hfmsing shall be suitably housed and shall be so located
as to be readily accessible and adequately ventilated.

s shall be provided with in-
in excess of 350 volts when
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Chapter 9. Construction Specifications

This chapler of the code describes the general uharactcriattic_s of fit-
tings, materials, and devices of the types commonly employeq in 1]15‘.,3.].18.,-
{ions for which provisions are given in other chaptel':s_of this code. !t. is
intended as a guide to the elassification and identification of prus. Such
delails of construction as are included in this chapter are Fwen as de-
geriptive Information and not as a complete basis for judgment of

devices or materials.

The order numbers of this chapter are derived from the r:h_apter num-
her, the section number to which the order refersg, and a serial number.
In the order number 13-92401, the prefix (13) indicates Part 3; t!le fl!;'ul'c
(9) indicates the chapter number; the next three figures (240), xlndica.tes
that the section refers to Section 13-240, Overcurrent Protection; and
the last number (1), that this is the first item in this series, Cross refer-
ences are therefore omitted as the group of three digits following the
figure 9 indicates the section referred to.

CARTRIDGE FUSES AND FUSEHOLDERS

Order 13-92401. Dimensions.
Cartridge fuses and fuseholders shall conform to the dimensions
shown in Table 34 of Chapter 10.

Order 13-92402. Terminals,

The terminals of standard cartridge fuses and fuseholders shall be
of the ferrule type for ratings of 0-60 amperes, and of the knife-blade
type for ratings of 61-600 amperes.

Order 13-92403. Marking,

Fuses shall be plainly marked with the ampere rating and the name
or trade-mark of the maker, and the voltage for which the fuse is de-
signed shall be provided on a paper label which shall be navy blue for
250-volt fuses rated at 15 amperes or less, green for 260-volt fuses
rated at more than 15 amperes, and red for 600-volt fuses.

LINK FUSES AND FUSEHOLDERS

Order 13-92405. Dimensions.
Link fuses and fuseholders shall have the following dimensions in

inches:

Minimum Separation :
of Nearest Metal Minimum

Parts of Opposite Break
Amperes Capacity Polarity Distance
Not over 126 volta—601-1600_ o cr e 1%«5 é}ﬁ
Not over 250 volts—601-1500_ _ - - oviaanan 214

For 3-wire systems, link fuses, and fuseholders ghall have the break
distance required for circuits of the potential of the outside wires,
except that in 125-250-volt systems with grounded neutral the fuses
and fuseholders in 2-wire, 125-volt branch circuits may have the spac-
ing specified for not over 125 volts,
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Order 13-92406. Spacing.

A space shall be maintained between the fuse terminals of link
fuses of the same polarity of at least % inch for voltages up to 125,
and of at least 34 inch for voltages from 126 to 250. This is the mini-
mum distance allowable and greater separation shall be provided if
practicable.

Order 13-92407. Marking.

Link fuses shall be stamped with 80 per cent of the maximum cur-
rent which they can carry indefinitely. '

Order 13-92408. Material.

Contact surfaces or tops of link fuses shall be of copper or aluminum
having good electrical connections with the fusible part of the strip.

CONDUCTORS

Order 13-93101. General,
Insulated conductors shall conform to the following:

A, Marking. Wires, cables and cords of all kinds except weather-
proof and paper-insulated wire shall have a continuous distinctive
marking so that their maker may be readily identified. All wires,
cables and cords shall also be plainly tagged or marked as follows:

1. The maximum working voltage for which the wire was tested
or approved. This may be omitted for slow-burning, slow-burning
weatherproof, weatherproof and asbestos-covered switchboard wires.

2. Name of the manufacturing company, and if desired, trade
name of the wire.

3. Month and year when manufactured. This may be omitted for
slow-burning, slow-burning weatherproof, and weatherproof wires.

4. The proper type letter for the particular style of wire or cable
as given in the following sections.

B. Identification of Insulation. All rubber-insulated, fibrous-covered
conductors and all thermoplastic-insulated conductors, No, 14 and
larger, shall have a readily identifiable permanent marking to indi-
cate the grade of insulation; except that single-conductor, code-rubber
insulated, fibrous-covered conductors having a lead sheath; and multi-
conduetor cables, armored cable, and non-metallic-sheathed eable hav-
ing code-rubber or non-moisture-resistant thermoplastic-insulated con-
ductors, need not be so marked. :

C. Classification. In addition to the type letters specified in the
table in paragraph E of this order, the following letters shall apply:

1. A type letter or letters used alone indicates a single insulated
conductor.

2. D. The Letter “D” used as a suffix indicates a twin wire with
two insulated conductors laid parallel under an outer fibrous covering,.

3. M. The letter “M” used as a suffix indicates an assembly of
two or more insulated conductors twisted together under an outer
fibrous covering.
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4. L. The letter “L” used as a suffix indicates an outer covering
of lead.

5. Voltage. Type letters, when used alone, indicate conductors for
use at not more than 600 volts. Conductors for use at higher voltages
shall be indicated by adding numerical suffixes to the type letters as

follows:

10—for use at not more than 1000 volls.

20-—for use at not more than 2000 volts. i
40—~for use at not more than 3000 volts. |
40—for use at not more than 4000 volts. *
50—for use at not more than 5000 volts. |

The working vollages referred to in the tables are the operating
voltages between phases of single and two-phase systems, and three-
phase systems with grounded or ungrounded neutral.

6. Label. All standard conductors shall be examined and tested
at the factory and, if approved, shall be labeled before shipment.

D. Identified Conductors. Single insulated conductors of No. 6 or
smaller, intended for use as identified conductors of circuits, except
conductors of the weatherproof type (Types WP and SBW), shall have
an outer identification of a white or natural gray color. Twin and
twisted-pair conductors and three-conductor cables shall have one con-
ductor, and four-conductor cables shall have at least one conductor
jdentified in this manner.

Wires having their outer covering finished to show a white or natural
but having colored tracer threads in the braid, identifying
are considered as meeting the provisions

Outer Covering

non-metallic covering

non-metallic covering

Moisture-resistant, flame-retardant,
non-metallic covering

Moisture-resistant, flame-retardant,

Moisture-resistant, flame-retardant,

None

cemeesemcesaa=a-2/04 Inch | None
=1 .- 264 Thoh

Yoo cetne ™ i S U IRYBd Tneh
o N

Thickness of Insulation

0 oo iE i 56 Tk
213-500. - e eeeeeeecmmen.-6/84 Inch

501-1000.. . o oo oo ceeo o= 7/64 Inich

B s smineesensanassea /04 Toch | Cotton
1001-2000. __ _________._.__8/64 Inch

18-16. oo ocecccac-_.-_.2/64 Inch | Cotton
18 .o _______..1/64 Inch | Cotton or Rayon

18-16_ . ___.__.....2/64 Ineh | Cotton or Rayon

1 | PR SRS NIOR: {0, ||

18-18 e~ 18 Mils
1816 o mciceeceeo_.___.2/64 Inch | None

18-16. cicieciccnoon-.2/64 Inch
BT o=l 04 Tnch | NMohe

18-14____

1-4/

gray color
the source of manufacture,

of this paragraph.

1, Single conductors, intended for use as unidentified conductors,
and conductors other than the identified conductor in multi-conductor
cables, shall be finished to show a color or combination of colors other
than, and contrasting with, white or natural gray. For identification
requirements for conductors larger than No. 6 see sub-paragraph B
of Order 13-2005.

E. Conductor Construction. Insulated conductors for use at 600
volts or less shall conform to the provisions of the following tables:

CONDUCTOR INSULATIONS

Insulation
Unmilled

90%,
Grainles Rubber
Impregnated Asbestos

Code Rubber

Code Rubber

Code Rubber

Code Rubber

90%, Unmilled
Grainless Rubber
Thermoplastic
Thermoplastic
Impregnated Cotton
Code Rubber

Letter

CF
AF
R

RF-64
RF-32
FF-64
FF-32
RUF
RUF
TF
TFF

, Heat-Resistant,
» Heat-Resistant,

Trade Name

Bolid or Stranded

Rubber-Covered Fixture Wire—
Latex Rubber Fixture Wire—
Solid or Stranded
Cotton-Covered,

Fixture Wire

Thermoplastic-Covered Fixture Wire—

Thermoplastic-Covered Fixture Wire—
Flexible Stranding

Rubber-Covered Fixtu ire—
Flexible Stranding i
Solid or Stranded
Asbestos-Covered

Fixture Wire

Code

" Flexible Stranding
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ARMORED CABLE, TYPES AC, ACV AND ACL

Order 13-93341, General.

Armored cable for 600 volts or less shall conform to the following:

A. Conductors. The conductors shall comply with the 1‘equirerf=ents
for the type of conductors used. The individual conductors‘ having a
fibrous covering shall have such a covering for their entire length
and, except for lead-covered cable, such covering shall be so treated
as to be flame-retardant and moisture-resistant.

B. Marking. The cable shall carry distinetive markers throughm?t
its entire length, both in the conductors and the armor, so that their
makers may be readily identified.

NON-METALLIC SHEATHED CABLE

Order 13-93361. General.

Non-metallic sheathed cable shall conform to the following:

A. Conduetors. The conductors shall comply with the requirements
for the type of conductor used, except that no braid need be provided
divectly over the rubber covering.

B. Number and Type of Conductors. Cable shall be approved type,
in sizes Nos. 14 to 4, inclusive, and in addition to the insulated con-
ductors may have an approved size of uninsulated copper conductor
for grounding purposes only. )

C. Marking. The cable shall have a continuous distinetive marking
so that the maker may be readily identified.

RIGID METAL CONDUIT

Order 13-93461. General.

Rigid conduit as shipped shall be in standard lengths of 10 feet
including coupling, one coupling to be furnished with each 1e11gtl.1. Each
length shall be reamed and threaded on each end. Steel conduit shall
have an interior coating of a character and appearance, and non-
ferrous conduit of corrosion-resistant material shall have suitable
markings, so as to readily distinguish them from ordinary pipe com-
monly used for other than electrical purposes.

Conduit Sizes and Weights

Weights Apply to Steel Only
Minimum Wt. Lba. of
Ten 10-foot Lengths of

8 . Pipe Nominal Diameler, Inches Thieads  Finished Condyit with
SiL:: (Ilng'::: Inside Outside FPer Inch Couplings Attached
1 .622 .R40 14 : 79.0
Z 824 1,060 14 105.0
1 1.048 1.315 11l 163.0
14 1.380 1.660 1114 ?01 A
114 1.610 1.900 11 249.0
2 2067 2.376 111 :}‘M 1]
214 2.469 2.875 ) R2T.0
3 3.068 3.500 8 6?0 ]
344 3. 548 4.000 8 831.0
4 4.026 4. 600 8 982.0
414 4.606 5.000 a 1160.10
1] 5.047 5.063 8 1344 .0
fi 6. 065 .645 ] 1770.0
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ELECTRICAL METALLIC TUBING

Order 13-93481. General.

Electrical metallic tubing shall conform to the following:

A. Cross Section. The tubing, and elbows and bends for use with
the tubing, shall have a circular cross-section.

B. Finish. Tubing shall have such a finish or treatment of outer
surfaces as will provide an approved permanent means of readily dis-
tinguishing it, when installed, from rigid conduit.

C. Connectors. When the tubing is coupled together by threads,
the connector shall be so designed as to prevent bending of the tubing
at any part of the thread.

SURFACE METAL RACEWAY

Order 13-93521. General.

Surface metal raceways shall be of such construction as will dis-
tinguish them from other raceways. Metal raceways and their elbows,
couplings and similar fittings shall be so designed that the sections
can be electrically and mechanically coupled together, while protecting
the wires from abrasion. Holes for serews or bolts inside the raceway
shall be so designed thal when serews or bolts are in place their heads
will be flush with the metal surface.

CELLULAR METAL FLOOR RACEWAYS

Order 13-93561. General.

Cellular metal floor raceways shall be so constructed that adequate
electrical and mechanical continuity of the complete system will be
secured. They shall provide a complete enclosure for the conductors.
The interior surfaces shall be free from burrs and sharp edges, and
surfaces over which conductors are drawn shall be smooth. Suitable
bushings or fittings having smooth rounded edges shall be provided
where conductors pass.

BOXES AND FITTINGS

Order 13-93701. Outlet, Switch and Junction Boxes and Fittings,

Outlet, switch and junction boxes and fittings, if of metal, shall
conform to the following:

A. Corrosion-Resistant, Boxes and fittings, if of metal, unless of
corrosion-resistant metal shall be well-galvanized, enameled, or other-
wise properly coated, inside and out, to prevent corrosion.

See Order 13-2003% for limitation in the use of boxes and fittings pro-
tected from corrosion solely by enamel.

It is recommended thal the protective coaling be of conductive mate-
riul, such as cadmiuwm, tin or zine, in order to secure hetter elecirical
contuct,

B. Thickness of Metal, For boxes and fittings not over 100 cubic
inches in size, if constructed of sheet steel, the metal shall not be less
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than No. 14 USS gauge (.0747 in.) in thickness, or if of cast metal
shall have a wall thickness of not less than % inch, except that if of
malleable iron, they shall have a wall thickness of not less than &% inch.

C. Boxes Over 100 Cubic Inches. Boxes of over 100 cubie inches in
size shall be composed of metal and shall conform to the requirements
for cabinets and cutout boxes, except that the covers may consist of
single flat sheets secured to the box proper by screws, or bolts instead
of hinges. Boxes having covers of this form are for use only for
enclosing joints in conductors or to facilitate the drawing in of wires
and cables. They are not intended to enclose switches, cutouts or other
control devices.

Order 13-93702. Covers.

Covers of boxes and fittings shall be of a thickness at least that
specified for the walls of boxes of the same material as that used for
the cover and of the size under consideration, or shall be lined with
firmly attached insulating material not less than oz inch in thickness.
Covers of porcelain or other approved insulating material may be used
if of such form and thickness as to afford the requisite protection and
strength. :

Order 13-93703. Bushings.

Covers of outlet boxes and outlet fittings having holes through
which flexible cord pendants may pass, shall be provided with approved
bushings or shall have smooth, well-rounded surfaces, upon which the
cord may bear. If conduetors other than flexible cord may pass through
a metal cover, there shall be provided a separate hole for each wire,
said hole being equipped with a bushing of suitable insulating
material,

Order 13-93704. Non-Metallic Boxes.

" Provisions for supports, or other mounting means, for non-metallic
boxes, shall be outside of the box, or the box shall be so constructed
as to prevent contact between the conductors in the box and the
supporting screws.

CABINETS AND CUTOUT BOXES

Order 13-93731. Malerial.

Cabinets and cutout boxes shall conform to the following:

A. Metal Cabinets and Boxes. Metal cabinets and cutout boxes shall
be well galvanized, plated with cadmium or other approved metallic
finish, enameled, or otherwise properly coated, inside and out, to pre-
vent corrosion.

It is recommended that the protective coating be of conductive mate-
rial, such as cadmium, tin or zine, in order to secure hetter electrical
contact,

B. Strength., The design and construction of cabinets and cutout
boxes shall be such as to secure ample strength and rigidity. If con-
structed of sheet steel, the metal shall be of not less than No. 16 USS
gauge (0.698 inch) in thickness,

=
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C. Composition Cabinets. Composition cabinets shall be submitted
for approval prior to installation.

Order 13-93732, Spacing.

The spacing within cabinets and cutout boxes shall conform to the
following:

A. General. The spacing within cabinets and cutout boxes shall be
sufficient to provide ample room for the distribution of wires and
cables placed in them, and for a separation between metal parts of
devices and apparatus mounted within them as follows:

1. Base. There shall be an air space of at least 5 inch, except at
points of support, between the base of the device and the wall of any
metal cabinet or cutout box, on which the device is mounted.

2. Doors—General. There shall be an air space of at least 1 inch
between any live metal part (including live metal parts of enclosed
fuses) and the door, unless the door is lined with an approved insu-
lating material or is of a thickness of metal not less than No. 12 USS
gauge (.1046 inch), when the air space shall be not less than 14 inch.

3. Doors—Link Fuses. There shall be a space of at least 2 inches
between open link fuses and metal-lined walls or metal, metal-lined or
glass-paneled doors.

4. Live Parts. Except as noted above, there shall be an air space
of at least % inch between the walls, back, gutter partition, if of
metal, or door of any cabinet or eutout box and the nearest exposed
current-carrying part of devices mounted within the cabinet if the
potentials do not exceed 250 volts. This gpacing shall be increased to
at least one inch if the potentials exceed 250 volts.

B. Switch Clearance. Cabinets and cutout boxes shall be deep
enough to allow the closing of the doors when 30-ampere hranch-
circuit panelboard switches arve in any position, or when combination
cutout switches are in any position, or when other single-throw
switches are opened as far as their construction will permit.

C. Wiring Space—When Required. Cabinets and cutout hoxes which
contain devices or apparatus connected within the cabinet or box to

. more than 8 conductors, including those of branch cireuits, meter loops

sub-feeder circuits, power circuits and similar cireunits, but not includ-
ing the supply circuit or a continuation thereof, shall have back wiring
spaces or one or more side wiring spaces, side gutters or wiring
compartments.

D. Wiring Space—Eneclosure. Side wiring spaces, side gutters or
side wiring compartments of cabinets and cutout boxes shall be ren-
dered tight enclosures by means of covers, barriers or partitions
extending from the bases of the devices, contained in the cabinet, to
the door, frame, or sides of the cabinet; provided, however, that where
the enclosure contains only those conductors which are led from the
cabinet at points directly opposite their terminal connections to de-
vices within the cabinet, such covers, barriers or partitions may be
omitted. Partially enclosed back wiring spaces shall be provided with
covers to complete enclosure. Wiring spaces that are required by
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paragraph (C) of this order and which are exposed when doors are
open, shall be provided with covers to complete the enclosure.

SWITCHES
Order 13-93801, Marking.
Switches shall be marked with the current and voltage and, if
horsepower rated, the maximum rating for which they are designed.

Order 13-93802. 600-Volt Knife Switches,

Auxiliary contacts of a renewable or quick-break type or the equiva-
lent, shall be provided on all 600-volt knife switches designed for use
in breaking currents over 200 amperes.

It is recommmended that such auxillary couotacls be provided on all
divect-current switches rated at over 260 volts.

Order 13-93803. Multiple Fuses.

Switches rated above 600 amperes, and therefore exceeding the rat-
ing of standard cartridge enclosed fuses, may be arranged for fuses in
multiple provided as few fuses as possible are used and the fuses are
of the same type and rating and are so mounted as to eliminate a
potential difference between the terminals of the fuses.

SWITCHBOARDS AND PANELBOARDS

Order 13-93841. Panels,
The panels of switchboards shall be made of moisture-resistant,
non-combustible material.

Order 13-93842, Bus-bars.
Bus-bars, if rigidly mounted, may be of bare metal.

Order 13-93843. Protection of Instrument Circuits.

Instruments, pilot lights, potential transformers, and other switch-
board devices with potential coils, except where the operation of the
overcurrent device might introduce a hazard in the operation of de-
vices, shall be supplied by a circuit that is protected by standard
overcurrent devices of a rating not greater than 15 amperes, except
that for ratings of 2 ampeves or less special types of enclosed fuses
may be used,

Order 13-93844. Component Parts.
Switches, fuses, and fuseholders used on panelboards shall eonform
to the requirements of Sections 13240 and 13-380 so far as they apply.

Order 13-93845. Knife Switches.

Branch-cirenit switches shall be so arranged that the blades, if
exposed during operation, will be dead when the switches are open.
Order 13-93846. Color-Coding.

If switehboards or panelboards are provided with color markings
to indicate the main bus-bars to which branch circuit bus-bars are

connected, the colors shall conform to the color coding of Order

13-2112.

BLECTRICAL CODE—ORDKER 13-94002 208

Order 13-93847. Spacings.

Except at switches and circuit-breakers, at least the following dis-
tance between bare metal parts, bus-bars, ete., shall be maintained.

l‘)Epoeite Polarity 0 p%ﬁ; ite Pnl:mty

When Mounted on *Live Parts

the Same Surface Free in Alr to Ground
Nol over 125 volls . ___ inch - 14 inch ineh
Not over 260 volts ... _______ " I inch A4 inch inch
Not over 600 volts i 2 inches 1 inch 1 inch

18- 9;17"535 spacing hetween live parts and doors of cabinets, see sub-paragraph A of order
It should be noted that the above distances are the minimum allowable, and it is recom-
mended that greater distances be adopted wherever the conditions will permit.

At switches, enclosed fuses, etc., parts of the same polarity may be

placed as close together as convenience in handling will allow, unless
close proximity causes excessive heating.

FLEXIBLE CORDS

Order 13-94001. Labels.

IMlexible cords shall be examined and tested at the factory and shall
be labeled before shipment.

Order 13-94002. Grounded Conductor Identification.

One conductor of flexible cords shall have a continuous marker
readily distinguishing it from the other conductor or conductors. The
identification shall consist of one of the following:

A. Colored Braid. A braid finished to show a white or natural gray
color and the braid on the other conductor or conductors finished to
show a readily distinguishable solid color or colors.

B. Tracer in Braid. A tracer in a braid of any color contrasting
with that of the braid and no tracer in the braid of the other condue-
tor or conductors. No tracer shall be used in the braid of any conduc-
tor of a flexible cord which contains a conductor having a braid fin-
ished to show white or natural gray, except that, in the case of types
C, PD and PO cords having the braids on the individual conductors
finished to show white or natural gray, the identifying marker may
congist of a tracer of any color in the braid of one conductor.

C. Colored Imsulation. A white or natural gray insulation on one
conductor and insulation of a readily distinguishable color or colors
on the other conductor or conductors for cords having no braids on
the individual conductors (except cords which have insulation on the
individual conductors integral with the jacket).

D. Colored Separator. A white or natural gray separator on one
conductor and a separvator of a readily distinguishable solid color on
the other conductor or conductors of cords having insulation on the
individual conductors integral with the jacket.

E. Tinned Conductors. One conductor having the individual strands
tinned and the other conductor or eonductors having the individual
strands untinned for cords having insulation on the individual con-
ductors integral with the jacket,
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F. Surface Marking. A stripe, ridge or groove so located on the
exterior of the cord as to identify one conductor for cords having in-
sulation on the individual conductors integral with the jacket.

Order 13-94003. Grounding Conductor Identification.

A conductor intended to be used as a grounding conductor if pro-
vided with insulation shall have a continuous identifying marker
readily distinguishing it from the other conductor or conductors. The
identifying marker shall consist of one of the following:

A. Colored Braid. A braid finished to show a green color.

B. Colored Insulation. For cords having no braids on the individual
conductors a green insulation on one conductor.
This shall not be construed as prohibiting the use of a conductor

having a green finish as an ungrounded circuit conductor in cords
having no conductor used as a grounding conductor,

Order 13-94004. Insulation—Required.

The individual conductor of all ecords except those of heat-resistant
cord (Types AFC, AFPO, AFPD, AFS, AFSJ, AVPO, AVPD, CFC,
CFPO and CFPD) shall have a r1ubber or thermoplastic covering,
except that in Types S, ST, S0, 8J, SJT, SJO, SU and SUO, cord one
conductor intended for use as a grounding conductor may be without
individual insulation. A rubber compound shall be vulcanized except
for asbestos-covered tinsel cord (Types AT and ATJ) and heater cord
(Types HC, HSJ and HPD).

Order 13-94005. Insulation Thickness.

The thickness of the rubber or thermoplastic covering shall be not
less than & inch for Types AT, ATJ, CT, CTJ, P-64, PO-64, POSJ-64,
POT-64, PWP-64, SV, SVT, HC, HSJ, and HPD. The nominal insula-
tion thickness for Types SU and SUO shall be 015 inch for Awg sizes
18 and 16 and .018 inch for Awg sizes 14, 12, and 10. For other types
the nominal thickness of the rubber or thermoplastic covering shall be
as given in the following table:

Size Thickness
AWG Inch
18 and 16 2/64
14 to 10 % 3/64
8 4/64

FIXTURES, LAMPHOLDERS, RECEPTACLES AND ROSETTES

Order 13-94100. Design and Material.

Fixtures shall be constructed of metal, wood, or other approved
material and shall be so designed and assembled as to secure requisite
mechanical strength and rigidity. Wireways, including the entrances
thereto, shall be such that econductors may be drawn in and withdrawn
without injury.
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Order 13-94101. Fixtures.

Fixtures shall conform to the following:

A. Material Other Than Metal, In all fixtures not made entirely of
metal, wireways shall be lined with metal unless approved armored or
lead-covered conductors with suitable fittings are used.

B, Mechanical Strength. Tubing used for arms and stems where
provided with cut threads shall be not less than 0.040 inch in thickness
and when provided with rolled (pressed) threads shall be not less than
0.025 inch in thickness. Arms and other parts shall be fastened to
prevent turning. Metal canopies supporting lampholders, shades, etc.,
exceeding 8 1bs., or incorporating attachment plug receptacles, shall ba
not less than 0,020 inch in thickness. Other canopies shall be not less
than 0.016 inch when made of steel and not less than 0.020 inch when
of other metals. Pull type canopy switches shall not be inserted in the
rims of metal canopies which are less than 0.025 inch in thickness un-
less the rims are reinforced by the turning of a bead or the equivalent.
Pull type canopy switches, whether mounted in the rims or elsewhere
in sheet metal canopies, shall be located not more than 3% inches
from the center of the canopy. Double set serews, double canopy rings,
a serew ring, or equal method shall be used where the canopy supports
a pull type switch or pendent receptacle.

The above thickness requirements apply to measurements made on
finished (formed) canopies.

C. Wiring Spuce. Bodies of fixtures, including portable lamps, shall
provide ample space for splices and taps and for the installation of
devices, if any. Splice compartments shall be of nonabsorptive, non-
combustible material.

D. Figture Studs, Fixture studs which are not parts of outlet boxes,
hickeys, tripods, and crowfeet shall be made of steel, malleable iron, or
other approved material.

E. Insulating Joints. Insulating joints shall be composed of ma-
terials especially approved for the purpose. Those which are not de-
signed to be mounted with screws or bolts shall have a substantial
exterior metal casing, insulated from both screw connections.

F. Portables. Portable table and floor lamps and fan motors on
ceiling fixtures may be wired with approved rubber-covered conductors,
provided the wiring is not located so as to be subject to undue heating
from lamps.

G. Cord Bushings. Bushings or the equivalent shall be provided
where flexible cord enters the base or stem of a portable lamp. The
bushing shall be of insulating material unless a jacketed type of cord
is used.

H. Tests. All wiring shall be free from short-circuits and grounds,
and shall be tested for these defects prior to being connected to the
cirenit.

L. Live Parts. Exposed live parts within porcelain fixtures shall be
suitably recessed and so located as to make it improbable that wires
will come in contact with them. There shall be a spacing of at least
¥ inch between live parts and the mounting plane of the fixture.
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LAMPHOLDERS
Order 13-94102. General, :

Lampholders shall conform to the following:

A. Insulation. The outer metal shell and the cap shall be lined with
insulating material which shall prevent the shell and cap from becom-
ing a part of the circuit. The lining shall not extend beyond the metal
shell more than % inch, but shall prevent any current-carrying part
of the lamp base from being exposed when a lamp is in the lamp-
holding device.

B. Lead Wires. Lead wires, furnished as a part of weatherproof
lampholders and intended to be exposed after installation, shall be of
approved, stranded, rubber-covered conductors, not less than No. 14
gauge (No. 18 gauge for candelabra sockets), and shall be sealed in
place or otherwise made raintight.

C. Switched Lampholders. Switched lampholders shall be of such
construction that the switching mechanism interrupts the electrical
connection to the eenter contact. The switching mechanism may also
interrupt the electrical connection to the screw shell if conneection to
the center contact is simultaneously interrupted.

D. Serew-Shell Lampholders. Screw-shell lampholders shall be
classed according to diameters of lamp bases, as Candelabra, Inter-
mediate, Medium, Admedium, and Mogul base; having respectively
¥ ineh, &% inch, 1 inch, 14 inch, and 1% inch nominal sizes, with rat-
ings, as specified in the following table:

Ratings—Switched Ratinge—TInawitched
Max. Max.
Amp. Amp.
Nominal at any at any
Class Diam. Walts Volts  Voltage Watts Volts Voltage
Cundelabra 1g in. 6 126 &g 75 125 1
Intermediate 21/32 in, 75 126 a4 75 250 1
Medium 1in. 250 250 214 [i:11] 250 [
660(a) 250 6 660 600
Admedium 11/16 in. 660 250
Mogul 114 in. 750 250 15600 250
1500 250 1500 GO0

() This rating may be given only to lampholders having a switeh mechanism which
produces both a quick “make’ and a quick “break’ action.

Minjature lampholders and receptacles having screw-shells smaller than the candelabra
size may be used for decorative lighting systems, Christmas-tree lighting outfits and similar
purposes.

For exceptions for medium base key lampholders and receptacles see Seetion 13-T20.

INCANDESCENT LAMPS

Order 13-94103. Bases,.

An incandescent lamp for general use on lighting branch circuits
shall not be equipped with a Medium base if rated over 300 watts, nor
with a Mogul base if rated over 1,500 watts. Above 1,600 watts spe-
cial approved bases or other devices shall be used.

ROSETTES
Order 13-94104. Rosetles,

Rosettes shall conform to the following:
A, Rating., Rosettes shall be rated at 660 watts, 250 volts, with a

maximum current rating of 6 amperes.
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B. For Exposed Wiring. If desipned for use with exposed wiring,
rosettes shall be provided with bases which shall have at least two
holes for supporting screws, shall be high enough to keep the wires
and terminals at least % inch from the surface wired over, and shall
have a porcelain lug under each terminal to prevent the rosette being
Ilzagedhover projections which would reduce the separation to less than

inch.

C. For Use With Boxes or Raceways. 1f designed for use with con-
duit boxes or wire raceways, rosette bases shall be high enough to keep
wires and terminals at least % inch from the surface wired over.

D. I'useless. Fused rosettes shall not be used.

E. Non-separable. Separable rosettes which make possible a change
in polarity shall not be used.

FLUSH AND RECESSED FIXTURES

Order 13-94105. Flush and Recessed Fixtures,

Flush and recessed fixtures shall conform to the following:

A. Temperature. Fixtures shall be so constructed that adjacent
combustible material will not be subject to temperatures in excess of
90C (194F).

B. Enclosure. Sheet metal enclosures shall be protected against
corrosion by galvanizing, plating, or other equivalent heat-resisting
coating, and shall not be less than No. 22 1TSS gauge (.0299 in.).

C. Lamp Stops. Where enclosures are of a size which permits the
use of lamps which will permit the temperature limits specified in
sub-paragraph A to be exceeded, lamp stops shall be provided to pre-
vent the use of excess size lamps.

D. Use of Solder Prohibited. No solder shall be used in the con-
struction of the fixture box. .

E. Lampholders. Lampholders of the screw-shell type shall be of
porcelain unless specially approved for the purpose. Cements, if used,
shall be of the high-heat type.

F. Conductor Imsulation. Recessed fixtures shall be wired with
type AF or AI fixture wire.

ELECTRIC DISCHARGE LAMPS

Order 13-94106. General,

Fixtures constructed for electric discharge lighting in addition to
conforming to the applicable requirements for electric discharge light-
ing, and the general requirements for all lighting fixtures, shall con-
form to the following. For signs and outline lighting, see Section
13-600.

A, Lampholders. Lampholders shall be classed according to the
dimensions and spacings of the pins in the lamp bases, as shown in
the following table:

FPin Dimensiona

Claas Rating Dia. Length Spacing
Small Bipin 75 watts 3/32 in. 9/82 in. i
Sumdnr\_'lp Bipin 660 watts a;az in. s;az in %s .
Large Bipin ) 660 watta 1/8 in. 5/8 in. 25/82 in,
Btandard Single Pin H60 watts B/16 in, B/16 in.
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MERCURY-VAPOR LAMPS

Order 13-94107. Enclosure of Resistors and Regulators,

Resistors or regulators for mercury-vapor lamps shall be enclosed
in non-combustible cases and treated as sources of heat.

MOTORS AND CONTROLLERS

Order 13-94301. Bushings.

Soft-rubber bushings may be used to protect lead wires where they
pass through the frame of a motor, but only where they will not be
exposed to oils, grease, oily vapors, or other substances having a
deleterious effect on rubber.

Order 13-94302. Auto-Transformer—Design,

An auto-transformer starter shall provide an off position, a running
position, and at least one starting position. It shall be so designed
that it cannot rest in the starting position, or in any position, which
will render inoperative the overcurrent protective device in the cireuit.

Order 13-94303. Rheostats.

Rheostats shall conform to the following:

A, Internal Connections. Motor-starting rheostats shall be so de-
signed that the contact arm cannot be left on intermediate segments.
The point or plate on which the arm rests when in the starting position
shall have no electrical connection with the resistor,

B. Under-voltuge Release. Motor-starting rheostats for direct-eur-
rent motors shall be equipped with automatic devices which will inter-
rupt the supply before the speed of the motor has fallen to less than
one-third its normal value. :

Order 13-94304. Identifying Code Letters.
Code letters marked on motor nameplates to show motor input with
locked rotor shall be in accordance with the following table:
Kilovolt-Amperes

er Horsepower,
Code Letter wlli)th Locked Rotor

[t et wd el .
OO Dot

The above table is an adopted standard of the National Eleetrical Manufaclurers Asso-
cialion.

r%—
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GENERATORS
Order 13-94451, Bushings,

Soft-rubber bushings may be used to protect lead wires where they
pass through the frame of generators, but only where they will not be

exposed to oils, grease, oily vapors, or other substa i
) nees ha
terious effect on rubber. , : - 5

TRANSFORMERS
Order 13-94501. Case or Enclosure.

l?ry—t'ype jcransformers shall be provided with a non-combustible
mmstul.'e-res)st_ant case or enclosure which will provide reasonable
protection against the accidental insertion of foreign objects.

Order 13-94502. Leads.

The prima.ry lgads of transformers supplying Class 2 remote-control
and signal c%rcults may be smaller than No. 14 but not smaller than
No. 18, provided they are not over 12 inches long, have insulation at

least equal to type RF-32 rubber-covered fixt 3
equivalent. Xture wire, or approved

CAPACITORS
Order 13-94601, Cases and Supports,
Capacitors shall be provided with - i
o non-combustible cases and
RESISTORS AND REACTORS

Order 13-94701. Contacts,

Fixed and movable contacts shall

be so desi i
Wb i 0 designed that arveing will be

Order 13-94702. Materials,

Reactors shall be composed of non-

combustibl i
be mounted on non-combustible bases Srmiarss snd gl




Chapter 10. Tables, Diagrams, Examples

VOLUME 2—TABLE 1

Table 1—Allowable Current-Carrying Capacities of Insulated
Conductors in Amperes

Not More Than Three Conductors in Raceway or Cable
(Based on Room Temperature of 30 C, 86 T.)

Paper
Thermo-
Rubber plastic Impreg-
Type R Ashestos Asbestos nated
"I"ype RW Type TA Var-Cam Ashestos Asbestoa
Size Type RU Rubber |-——- Twpe Tyile Type A
AWG | Type RUW 'Ii{pe Var-Cam AVA A (14-8)
MCM {l 4-2) H pe 'RVI? 14-8) Type AA
ML ype
Thermo- Asbestos j\l)a)&
plastifi‘ Va}ll"—(}am
ype pe
Type TW AVB
14 15 15 25 a0 30 30
12 20 20 30 35 40 40
10 a0 30 40 45 80 55
8 40 45 60 60 65 T0
6 56 65 T0 80 85 96
4 T0 8h a0 106 115 120
3 80 100 105 120 130 145
2 95 115 120 135 145 165
1 110 130 140 160 170 190
0 1256 150 155 190 200 225
00 145 176 186 215 230 250
000 165 200 210 245 265 285
0000 196 230 285 275 310 340
250 2156 256 270 3156 336 =
300 240 286 300 345 380 e
360 260 310 325 390 420 =
400 280 aas a60 420 450 2
500 320 380 4056 470 500 =
600 355 420 455 525 545 5
700 386 460 490 560 600 S5E
760 400 475 500 680 620 e
800 410 490 515 600 640 =PE
900 435 520 bbb s Al s
1,000 456 546 585 680 730 P
1,250 495 590 645 e = =
1,600 520 625 T00 T85 - =
1,750 b5 G50 7356 o == =
2,000 560 665 175 840 S
CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 30 C. 86 F.
G K
40 104 B2 B8 .40 4 L85 s
45 113 1 .82 .85 -90 92 Zald
50 122 .58 76 .80 L87 .89 Sot
66 131 .41 .87 T4 .83 .86 e
60 140 - .58 .87 9 .83 .91
70 158 = 35 .62 Bl L6 .B7
T6 167 =g it .43 .66 L2 .86
80 176 .30 .61 .69 B4
90 194 =T P 50 .61 .80
100 212 e - = s 41 L7
120 248 aaal Sht =3 A .69
140 284 " e T .hY
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Table 2—Allowable Current-Carrying Capacities of Insulated
Conductors in Amperes
Single Conductor in Free Air
{Based on Room Temperature of 30 C. 86 1)
Rubhber Thermo-
Type R plastic Slow-
Type RW Asbestos Burning
T"'?e RU Type TA | Asbestos | Impr Type SB
ype Var-Cam nat Asbestos B
Size RU EV Rubber | Var-Cam 1] Ashestos Type A Weather-
AWG (14-2) | Type RH | TypeV AVA Type AT | (14-8) proof
MCM Tv;e (14—8&A Type AA T};I]?e wr
Thermo- Ashestos AV Type A pe
lastic Var-Cam SBW
ype T Type = ey
Type TW AVB Bare
14 20 20 30 40 0 | 4 T30
12 25 25 40 50 50 55 40
10 40 40 55 65 70 75 56
8 56 85 70 85 90 100 70
6 80 95 100 120 125 185 10
4 105 125 135 160 170 180 180
3 120 145 1556 180 195 210 150
2 140 170 180 210 226 240) 176
1 165 195 210 245 265 280 205
0 195 280 245 285 305 325 235
00 225 265 285 330 356 370 275
000 260 310 330 385 410 430 320
0000 300 360 385 445 475 510 370
250 340 405 425 495 530 a0
300 375 445 480 556 590 — 460
350 420 505 530 610 655 R 510
400 455 545 575 665 710 toEs 565
500 515 620 660 765 815 =yl 630
600 575 690 740 855 910 I T
T00 630 755 815 940 1005 Ly T80
760 855 785 845 980 1045 = 810
K00 680 #15 880 1020 1085 e 845
900 730 270 940 i s e 90
1000 780 935 1000 1165 1240 _— 965
1250 £90 1065 1130 P bt
1600 980 1175 1260 1450 e 1216
175 1070 1280 1870 v e . =
2000 1156 1385 1470 1715 B == 1405
CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 30 €. 86 I,
¢ F
40 104 .82 .88 .90 .94 45 i
45 118 1 82 .85 90 52
50 122 58 75 80 87 89 i
55 181 41 67 1 83 .R6 selele
60 140 .61 1 .83 .91 e
70 158 62 71 76 87 by ¢
76 167 L43 .66 72 .86 g
80 176 .30 61 LG9 84 "
90 194 | - . B0 6 | .80 o
100 212 .51 S S
120 248 = Y . : .69 e
140 284 = 5 - .59 iy

See Notes, following this table.
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NOTES TO TABLES 1 and 2

For explanation of Type Letters, and for recognized size of conductors
for the various conductor insulations, see Orders 13-3102 and 13-93101.
Tor installation requirements, see Order 13-3102 and the various sections
of this code. For flexible cords see Tables 3 and 31.

1. Aluminum Conductors. For aluminum conductors, the allowable current-
carrying capacities shall be taken as 84 per cent of those given in the
table for the respective sizes of copper conductor with the same kind of
insulation.

2. Bare Conductors. If bare conductors are used with insulated conductors,
their allowable current-carrying capacity shall be limited to that per-
mitted for the insulated conductor with which they are used.

3. Application, of Table. For open wiring on insulators and for concealed
knob-and-tube work, the allowable current-ecarrying capacities of
Table 2 shall be used. For all other recognized wiring methods, the
allowable current-carrying capacities of Table 1 shall be used, unless
otherwise provided in this code.

4. More Than Three Conductors in a Raceway. Table 1 gives the allowable
current-carrying capacity for not more than three conductors in a race-
way or cable, 1f the number of conductors in & raceway or cable ia from
4 to 6, the allowable current-carrying capacity of each conductor shall
be reduced to 80 per cent of the values in Table 1. If the number of con-
ductors in a raceway or cable is from 7 to 9, the allowahble ecurrent-
carrying capacity of each conductor shall be reduced to 70 per cent of
the values in Table 1.

Exceptions to the foregoing are specified in Ovders 13-3624, 13-3745,
and 13-7265,

5. Neutral Conductor. A neutral conductor which carries only the unbal-
anced current from other conductors, as in the case of normally balanced
circuits of three or more conductors, shall not be counted in determining
current-carrying capacities as provided for in the preceding paragraph.

In a 3-wire cirenlt consisting of two phase wires and the neutral of a
4-wire, 3-phase system, a common conductor carries approximately the
same current as the other conductors and is not thevefore considered
as a neuiral conductor.

6. Ultimate I'msulation Temperature. In no case shall conductors be asso-
ciated together in suech a way with respect to the kind of cireuit, the
wiring method employed, or the number of conductors, that the limit-
ing temperature of the conductors will be exceeded,

7. Use of Conductors With Higher Operating Temperatures. If the room
temperature is within 10 degrees C of the maximum allowable operat-
ing temperature of the insulation, it is desirable to use an insulation
with a higher maximum allowable operating temperature: although in-
sulation can be used in a room temperature approaching its maximum
allowable operating temperature limit if the current is reduced in
accordance with the table of correction factors for different room
temperatures,

8. Voltage Drop. The allowable current-carrying capacities in Tables 1 and
2 are based on temperature alone and do not take voltage drop into
consideration.

9. Overcurrent Protection, If the standard ratings and settings of over-
current devices do not correspond with the ratings and settings allowed
for conductors, the next higher standard rating and setting may be used,
but not exceeding 150 per cent of the allowable carrying capacity of the
conductor,

10. Detervioration of Insulation. It should be noted that even the best grades
of rubber insulation will deteriorate in time, so eventually will need to
be replaced.
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Table 3—Allowable Current-Carrying Capacity of Flexible Cord
and Fixture Wire in Amperesf

(Based on Room Temperature of 30 C. 86 I, See Order 13-4008 and
Table 81 of Chapter 10)

. Flexible Cord Fixture Wire
Rubber
Types
Rubber 8, 50, Ther mo-
Cn:;lg} l;{[.‘uhber -‘3’% Goam Rubber i
otton 28 350, pes Types
T Pg,p G, Su, g-"c* —_— %%’e
" PD, P, SU0, Types CFPO* Ty TFF
Size CTJ PWP, 3V, AFS, 'r{; CFPD* | RF-64 |—
AWG |— E, POST AFS]J, A %ea ——— | RF-82 | Cotton
Rubber | RO |—— | "HC AVPD | Asbestos | FF-64 | Type
and |————| Thermo- HPIS. Types FF-32 C?;)“
Asbestos | Armored | plastie HSJ AF%* RUF |[—m—
Types Tgxe 'Ig%es AFPO® RUFF | Asbestos
AT, 4 AFPD* Type
ATY SIT, AF*
SVT,
POT
27HE 0.5 - - - i - - Gz
18 S 51 T 10 17 6 5] 6
17 o s = 12 = e = o
16 ST 7 10 15 22 B8 7 8
16 0 s oy 1T . . =2 W
14 S 16 15 20 28 17 A 17
12 s 20 20 e 36 ap P =
10 Snse 25 25 jo 47 = ek .
8 R 85 = == = s e .
6 . 45 == = 2 i o ==
4 o . B0 s — - "5 == e
2 i 20 CE? G s 2= =l 2=

*These types are used almost exclusively in fixtures where they are exposed to high tem-
peratures and ampere ratings are assigned accordingly.
#+Tinsel cord.

MORE THAN THREE CONDUCTORS IN A CORD

Table 3 gives the allowable current-carrying capacities for nol more
than three current-carrying conductors in a ecord. If the number of
current-carrying conductors in a cord is from four to six the allowable
current-carrying capacity of each conductor shall be reduced to 80 per
cent of the values in the table.
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Tables 4 to 11. Tables 4 to 11 apply to complete conduit systems,
and do not apply to short sections of conduit used for the protection
of exposed wiring from mechanical injury.

Table 4—Number of Conductors in Conduit or Tubing

Rubber Covered, Types RF-32, RUT, R, RH, RW, 11U, and RUW
Thermoplastic, Types TF, T and TW

One to Nine Conductors
For more than nine conductors see Table §
(Bee Orders 13-3013, 13-3466 and 13-3486)

Size Number of Conduetors in One Conduit or Tubing

4 5 6 T 8 a

-

—

PSRN
HIEGR
¢
&

e
L

|
[ ta ‘
&=
VY
EN
Bk b | et
he =
B bk b

|
Lo o e ol b o
N KON | ERRR
= =
=

B3 BD
Lol ko]
RN

POEO BT B | B0 e ek | e

ey
f w
Wy

b T S N

5]
i

SRR | SR | RE
Wk

Wk

i N

e

N

SRRIREGE | R
RN
o | R

WK
NN
RN NS
ek

o

Y
-

SRR
vt e o
DBAS | O R | WO

ARO[ COCOCOLD | DODIGORD | i |
Pr o | sTngndsgs | C0C0CY [ CORIEDED

BDRATS | O e | COCICOCD

| honcmonds | dn 00000 | COCODIDD

RN
AN
RS

"
1
1

oo | FCODICO0O | COCOCODIND | PODIDOE | bl |
I MO | e | COCICOCOD | COTODADD | BODD

-1
b=
=
COCODOROLS | BODODSDODD | b= b bk ok i | o ok o ok

'
'
1
I
|
1

*Where a service run of eonduit or electrical metallic tubing does not exceed 50 fest in
length and does not contain more than the equivalent of two quarter bends from end to end,
two No. 4 insulated and one No. 4 bare luctors may be installed in 1-inch duit or tubing.

See Note 4 to Tablea 1 and 2.
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Table 5—Number of Conductors in Conduit or Tubing
Lead-Covered Types RL and RHL—§00 V.

(See Orders 13-3466 and 13-3486)

Size

MCM

Number of Conductors in One Conduit or Tubing

Cable

AWG Single Conductor

2-Conductor 3-Conduet: e
Cable Cable

-

|
|

g [l @[ a8

SR e

(™

-

Iy
I

o
SRR
Ry

R &I e
!

et
=T
E 3 ol e o

-

SRR
b R

S|

SRR | amme

1
14
1 1
%lﬁ 114
2

X
N

s B2 COCS | DODI DS

BORER

BOBD | Dbt s ot ot | e ot

B

RN

POCIROED | bt ok ot ok |

NN

=
BIRODIDS | DO b el i ek
ks
SR

hN
;monn

SRR | AR

1O | DO DIBODO | ekt ok i et

NN

AN

W|]WNN|M DIDIDD bt ok |t ok ok s

SEEREES | b | COCIMIODD | B e
| RN | S | OO0 | DIDD

)
SRR

®

|
oot | s 0o | COOCSCE

[=:]}
=
=
BOSOLD | DOPODS DO DT | b it b b i | ok ok ok

h N

MmO | B e | COOCOCOSS | DOES

The above sizes apply to straight runs or
than two guarter-hends.
See order 18-3470 for bends in conduit.

with nominal offsets equivalent Lo not more
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ELECTRICAL CODE—TABLE 12
UM [ 1, %4 & . . .
I'able 9—Number of Conductors in Cenduit or Tubing 3 §$ w
More Than Nine Conductor - g 18
—- F : clory 5’55 gobgﬁ'. ﬁ’é_ﬂﬁg B988 |Be=g
ubber-Covered Types RE-32, RUF, R, RH, RU, RUW, oW EGo ol ogs Rl R LR A R
Thermoplastic Types T, T, and TW E B ; 5 = '
a% Rt
*When Specially Permitted by This C $5® g8 i
: 3 : ¥ oda | £ K
) Eag 20| Ee|unzss | 3952 |2mss
(See Order 13-3012) bk E B3| S%| T [Rrae Ry
olm =] §E Mg (] M | wwos e
———— ﬂ B
. Maximum N 3 in C i Tubi 2 Z
= m umber of Conductors in Conduil or Tubing - = & g o | BANoN | Sa
T R R I TR R 1 S| Rk R
n __I.‘Ch Inch __Inc Tneh l'ncil Tneh = gé . = el e
- |- b~ -
= =
18 12 20 85 49 o 5
&0 115 = i
TR S A S B ges B - ¥ |A988s | 2any | euen
i « 0 o " -} =311 4 . gt
ig i it 5 & 4 gg gg 8 2 g -g - éom et | Hinms
0 = % 13 17 29 a1 64 gz H 3
8 - - = 10 11 2 38 e “ 5
i o= - 5 23 258 - S ANARE | RWSL ) 2838
- B ] el | =
#*More than nine conductors are i i i i c3 5 A t .
: permitted in a single conduit for conductor 554
111;‘?_%%-2 T%d ll.ti! mqtrolier; stage pocket and border circuits, order 13—-5212'hsigu:t3::51},;gw3?ﬁ; o g g = - ‘g
e elevator eontrol conductors, order 13-6214; signal and control cireuits, section 598 5 H : 2 ks o
; g%g o K 3| s|RRISH | 2858 (2838
b B[ 8 |S] S8 |RANS | ddes
So z 6 g E @ S
L) =1
228 4t O =
L 1 3 . .E g 3 a » ; .EB\G ZERGE b hor o Mme
Table 11—Combination of Conductors T 3 B | & B onee | SRis | RESe
5 8 = Hoaod | el efieSo
(See Orders 13-3466 and 13-3486) E:g g k| E I =
For groups or combinatio tors T EE = i - .
o e : ns of .ﬂﬁndll{..LtJIS not included in the Tables o wm 5 - < 'Ebu Sotma (weew | omo
7 » the conduit or tubing shall be of such size that the sum of the Eo2s o £ i o2 T [ | Ses
cross-gectional areas of the individual conduectors will not be more than & 2E M (3 E:o ~ i e hmﬂ.ﬁ.
the_percentngc of the interior cross-seclional area of the conduit or =2 > U
tubing shown in the following table: 28 a = = ‘k’ 'd;'; o3
. £8E 3 Z| | go|RAR3E | 2828 | 238
Per Cent Area of Conduit or Tubing - § g : S 23" v ey
-2 g i
o
=1 " 1 =} 3
Number of Conductors ga 2 E ‘E .g -ggﬂ AR=EY Sh8 | 588
LA Eﬁ 2 5@ eyt et T BT
i Loy ;i E 3 b3 R = mumﬂ
o L N = 1 2 3 4 4 o E = Q I~ i
— = e -
- |
#Conductors (not lead covered) (for ne T “iad G\L z 5 s 888 385 |3
Gogocsge foo U e ot ne wworkl.— | @ | a1 | 4 | do | 40 "EEE 93 TR e
##For rewiring existing raceways for increased load where B CRgs g P | s iy i
it is impracticable to increase the size of the raceway 2ol S 2 8
due to structural eonditions_________.___________ 60 40 50 50 50 dOH © "2 U 5
o
= Sufe H g LS 2R93T (2355 (2ysE
See Note to Table 13 for si y i ing binati it Bel. = i i
ShOWE in Table 4. o S it o Sl o tions of s not ; s = B a - e~
or carrying capacity of more th ! luctors i dui a2 1
1 and 2, Note 4. ty - Do Ui RN t or tubing, see Tables % b E Y ; e omeo |
i il e o it o oy e 0 T TR RRER
o gions of wire or ca e unless it is smaller than dimensi f 238 s T e | odie ce
dimengion of RW as min i i -y A ion of RW. Use 40 o (meow
vy e u; imum dimension. Limited to nine wires maximum except as permitted s E“f: A iy
#For rewiring, figure dimension of wi r e i =R EE
mit.tel;i if not D\‘rier 60 gfﬁ] re or cable actually used. More than nine wires per- E: S g ; E ",E §§$8° t=meoo | woin
or exposed runs service conduit or tubi t i i i S§F e et g
D be Qetermined 4 Dermitisd fo?gr:‘zir?:;r 30 feet in length, the size of conduit $8da 5-5& R zzz“? §238
For multi-eonduetor cables use actual cable cross-section arens. Conduetor numl = 5 g A Sl e
head of eolumns shall be taken as numbers of cables. TSR & g
Sm g @
a = = e .
E g E ﬁi.% b i
s9d = vt
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Table 13—Dimensions of Rubber-Covered and
Thermoplastic-Covered Conductors - I

Types TE, T, TW, RU#, |
Sias, Typies RF-32, R, RH, RW RUF, RUW -
MOM Approx, Diam. Apgmx. Area Approx. Diam. Apgrox. Area
Tnehes q. Ins. Inches. q. Ins:
. . P o i Table 16—Dimensions of Lead-Covered Conduetors
186 L1568 _019% 118 .0103 Types RL, RHL, and RUL '
U g 1 — R | g = e Ly, = = e 3 i UIJ
111 g L {” ; gggg* 181 L0185
1 in.  .g04% 3 ) i ;
12 *f Y _}gg : %gi* 4B 01T iz - Single Ct?nductor Two Conductor Threg Conductor
12 1 CI - b B84 . AWG-MCOM O] [T e — e
10 .242 L0480 168 L0224 2 Ham. | Area Didm. Aren Diam, A
® “a11 -0760 228 -odog | o | A8cde | B dn: | el Su. Ins. | Tnches | Sq. s,
e e . m . . f 14 .28 062 28 f 5
8 a7 1238 823 L0819 12 59 - 06 28 x 47 115 it 273
: .086 ; 5 i
: @ | e m | R IE IEEIE 1B
: L481 .1 LA01 . E 41 132 A1 x| ¢ -G8 363
3 518 L2087 .483 L1473 " D . Alx 71 255 L&z Teog
R 588 2715 508 2027 6 49 | s | 9% s o e
0 629 3107 549 2367 3 o 287 | Edx 96 457 | 1008 916 |
o0 675 .B578 .595 2781 1 -23 .283 61 x 1.08 578 121 1146
00g - 27 4151 647 L8288 o S (I 862 LT x 1.238 56 1.38 2
o000 (785 dsto | s | abos q .n 896 | 74 x1.32 | 80 | 147 | a0
300 ‘853 “g8ar g ‘3581 000 i o | Miie | ol | l¥ | Im
00 4 6837 3 (5681 4 < -0 1, = 1.69 2 2
350 986 17520 (805 ‘6281 o & | = 593 | 80 x 164 1.308 185 558
400 1.082 8365 .942 6989 260 @ | = e —— — e L
500 1.119 ~9834 1.029 8816 360 o e % 2.02 3.20 'r
——— o tard v st S| (] e el W —— ; ¢ . o 2.15 3.82
60 {234 {1940 1,148 1.0261 o J-4e 85 i 528 s i
T00 1.304 1.3356 1.214 1.1575 500 1is 1.02 —— 2.40 4,52
750 1.389 14082 1.248 1.2252 b 1.18 959 5.25
ggu 1 .33{3 1.4784 1 ,332 ;1 ,Eggg |
900 1435 1.6173 1.345 i i
—e b SN e e e Note—Na. 14 to No. §, solid eonductors: No. & er " |
1000 1494 17881 1.401 1.5482 for H-ineh nsulation Dot m'l- ey ora: No. § and larger, stranded conductors. Data
1250 1,676 2.2062 1577 1.9532
1600 1.801 2. 54Th 1.702 2 2748 I
1760 i.916 2 B85 1.817 2.5930 {
2000 2.021 3.2079 1,922 2.9018 i |
¥The dimensions of Type RW wire. Also, these dimensions to be uged for new work in
tomputing sizé of conduit or tubing for combinations of witea not shown in Table 4.
*#Ng. 14 to No. 2.
M. 18 to No. 8, selid; Mo, 8 and lateer, stranded.
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Table 17—Dimensions of Asbestos-Varnished-Cambric
Insulated Conductors

Types AVA, AVE, and AVL

Type AVA Type AVB Type AVL
Size
A Approx. Approx. Approx. Approx. Approx.
T?{‘g]\'GT Agil:ll;gf p?’e: Sll:lm Area Ei{am. Area
Inches Sq. In. Inches Sq. In. Inuhns_‘. Sq. In.
o= 245 | .o47 205 ~033 1320 080
12 5as 1055 ‘225 2040 340 ‘091
10 285 [064 '245 047 360 (102
8 810 L0756 1270 ‘057 “390 11
oy T s | .12z | 346 094 430 .14
§ '445 185 '395 123 "180 181
2 '505 1200 “160 “166 '570 1255
1 585 '268 540 1229 1620 1300
== T 580 264 660 341
ug Ig?:g gm .625 -307 -705 .390
000 1720 "406 1675 '358 755 T
0000 1780 478 735 ti25 s |
T om0 885 616 866 572 955 715
200 940 692 ‘910 1649 1.010 ‘800
350 1995 778 1965 ‘731 1,060 88
400 1.040 860 1010 800 1.105 960
== | 3 59 I 7 1.118
500 1.125 995 1.095 945 1.190 ]
2650 1,165 1065 1.135 1.01 1,265 1.26
600 1205 1140 L1176 1,09 1305 13
T 60 | 1240 | 1.21 1.210 1.15 1.340 1.41
fo0 1.275 .58 {245 1099 1,875 .49
750 1.310 1,85 1.280 1.29 1,410 LT
800 1.345 1,47 1,315 1.86 Lo :
i 0o | 1.875 1.49 1.345 1.43 1.470 1.70
800 17408 155 1.375 1.49 1.505 L1
450 1.435 1.62 1.405 1.55 1 935 1‘9;;
1,000 1,465 1.69 1.435 1.62 1,565 o

Note: No. 14 to No. 8, solid, No. 6 and larger, stranded; except AVL where all sizes ire
stranded.

Varnighed-Cambric Insulated Conductors
Type V

The insulation thickness for varnished-cambrie conductors, Type V, is
{the same as for rubber-covered conductors, Type R, exccpt.fnr Nos. 14
and 12 which have 3/84-inch insulation for varnished-cambric rm‘d 2/64-
inch insulation for rubber-covered conductors and for No. 8 which ha.‘s‘
2/64-inch insulation for varnished-cambrie, and 4/64-inch insulation fUl
rubber-covered conductors. SBee table in Order 13-93101. Ta.b‘1es 4 and b
may, therefore, he used for the number of varnished-cambric insulated
conductors in a conduit or tubing,

BELECTRICAL CODE—TABLIRE 1§ 311
Table 18—Properties of Copper Conductors
Conecentrie Lay D. C. Resistance
Stranded Bare Ohms/MVFt.
Conductors Conductors At 25 C.TTF.
Size Area -— — - — —
AWG Cir. Mils Diam. *Area
No. Each Diam. Bare Tin'd,
Wires Wire Inches 8. Cond. Cond.
Inches Inches
18 1624 Solid L0403 L0408 L0013 6.510 6.77
16 2583 Salid L0608 L0608 L0020 4.094 4.26
14 4107 Solid L0641 0641 L0032 2.675 2.68
12 65630 Solid L0808 L0808 00561 1.619 1.69
10 10380 Solid L1019 .1019 L0081 1.018 1.06
8 16510 Solid 1285 L1285 L0180 641 660
] 26250 T 0612 184 027 410 426
4 41740 7 D772 282 042 259 260
3 H2640 T LOB6T 260 .58 2056 .213
2 66370 q L0874 .292 067 162 L1698
1 83690 18 L0664 332 0BT 129 184
0 105600 19 L0745 .373 108 102 106
] 183100 19 0837 .418 137 0811 0844
(o0 167800 19 L0940 470 .173 0642 D668
0000 211600 19 .1065 .HE28 219 0509 0624
250000 37 .0822 LBTH L260 0431 L0444
300000 37 L0900 630 .312 0360 L0371
350000 a7 L0973 681 364 0308 L0318
400000 a7 L1040 728 .416 0270 L0278
500000 47 1162 814 520 0216 0225
BO0000 61 L0992 893 .G26 180 L0185
TO0000 61 1071 964 730 L0164 L0169
THonoo i1 .1109 998 .T82 0144 L0148
800000 61 .1145 1.081 B35 01385 0139
900000 61 1215 1.093 938 0120 0124
1000000 61 L1280 1.162 1.042 L0108 L0111
1250000 91 1172 1.289 1.8056 L0864 00890
16500000 91 L1284 1.412 1.666 00719 00740
1750000 127 L1174 1.626 1.829 L00617 LO0636
2000000 127 12566 1.631 2.089 00539 00655

*Area given is that of a circle having a di

conductor.

The values given in the table are those giv
Standards exeept that those shown in the last e
the American Society for Testing Materials.

The resistance values given in the last two columns
When conduetors larger than No.
ing factors should be used to com

ameter equal to the overall diameter of a stranded

en in Circular 31 of the National Bureau of
olumn are those given in Specification B33 of

are applicable only to direct current.
4/0 are uged with alternating eurrent the following multiply-
pensate for skin effect.
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Tahle 18-a—Multiplying Factors for Converting D.C, Resistance

to A.C. Resistance

Multiplying Factor ]
glxﬁ 25 Cycles . E} (hf'cles .
80000 00 | eeae- -11. gg:
300000 | 0 aaa. s
gs0000 | - 1.009
400000 | 0 ——eea i
500000 —sna 1.01 -
B 1.005 1.025
gggggg 1.006 i ggé
TEO000 1.007 1.04.4
800000 1.008 Lot
900000 1.010 B ey
= - 1.067
000 1.012
s L
1500000 1.027 1 - 18":\
1750000 1.087 : ,23;1
2000000 1.048 .28¢

Table 19—Dimensions of Conduit or Tubing

Internal Arvea
Internal Area " : 4
i i 8 Diameter Square
e Diﬂﬁgf %ﬂ:ﬁi: e Inches Inchea :
- 21 3 3.068 7,48
§ 'géf :’ég 314 3.548 9.90
1 1.049 ‘86 i 4.026 12.72
i 3280 308 & é:ggg 20.00
é% 5,061 3.36 6 6.065 28.89
214 2.469 4.79

ELECTRICAL CODE—TABLE 20 313

Table 20—Conductor Sizes and Overcurrent Protection for Motors
See Tables 26 and 27, Chapter 10

These values are in accordance with Orders 134309, 12-4812, 13-4323, 13-4324,
13-4342, and 13-4349, except as follows: The current values in Column 1 are to be
taken from Tables 21 to 24, including footnotes, but the values shown for running
protection in Columns 5 and 6 must be modified if nameplate full load current values
are different, as provided in Order 13—4309. Conductor sizes shown in Columns 2 and 3
may be smaller for certain motors as provided in Order 13-4312. The current values
shown in Columns 6 and 8 must be reduced by 8 per cent for all motors other than
open type motors marked to have a temperature rise not over 40° C, as required by
Order 18-4322. For certain exceptions te the values in Columns 7, 8, 9, and 10, see
Orders 13-4342 and 13-4349. See Order 13-4343 for values to he used for several
motors on one branch cireuit,

Col. No. 1 = b i [ T 8 9 10
Maximum Allowable Rating or Setting of Branch Circuit
Protective Devices
WitH Cobe ‘Wirh Cope With Cobr Wire Copg
LETTERS LETTERS LETTERS LETTERS
Single-phage Single-phase Squirrel cage All motors,
and squirrel and squirrel and synchro- Code letter
eage and syn- | eage and syn- nous. Auto- A,
For Runnin chronous. Full | chronous. Full | transformer WrTHoUT
Protection o voltage, resis- | voltage, resis- | starting, Code | Cobk LETrEms
Motora®#** | tor and reactor | tor or reactor | letters B to B C an
Minimum size starting, Code | starting, Code ine. wound-rotor
conductor in letters F to V | letters B to B WirtHouT motors.
TACEWaYS ine. ine. Cooe LETTERS
Full load | For eonductors | Maxi- Maxi- WiTHOUT Auto-trans- Squirrel cage
current in air or for mum mum | CoDE LETTERS | former starting | and synchro-
rating of other insula- | rating setting | Same asabove.| Code letters nous auto-
motor tions see tables of of ad- F to V inc. transformer
amperes 1 and 2 non- justable Wrraout starting. High
AWGand MCM| adjust- protec- CobDE LETTERS renctance
able tive Squirrel cage sﬂuir’re] cage¥¥E
protec- devices and syn- oth more than
tive chronous, auto-| 30 amperes
devices transformer
starting. High
reactance
squirrel cage.
Type R Type Am-  Am- Both not more
TypeT RH peres  peres than 30 amperes
13% 14 14 2% 1.25% 156 15 15 15
o 14 14 ¥ 2.50* 15 16 15 156
b i 14 14 4% 3.756% 15 16 16 15
4%k 14 14 6% 5.0 * 15 15 15 15
b 14 14 8% 6.26% 15 15 15 15
L ha 14 14 8% 7.50% 20 16 15 15
T 14 14 10% 8.7h% 25 20 15 16
q 14 14 10* 10.0 * 25 20 20 15
] 14 14 12% 11.25% 30 25 20 15
10 14 14 15% 12.560* 30 25 20 15
11 14 14 15* 13.76% 35 a0 26 20
12 14 14 15 16.00 40 30 25 20
13 12 12 20 16.25 40 45 40 20
14 12 12 20 17.50 456 a5 30 25
15 12 12 20 18.76 4b 40 30 25
16 12 12 20 20.00 &0 40 35 26
17 10 10 25 21.25 60 46 85 30
18 10 10 25 22.50 6l 46 40 30
18 10 10 2b 23.76 60 b 40 30
20 10 10 25 25.0 60 50 40 30
22 10 10 80 27.50 70 G0 45 a5
24 10 10 a0 30.00 11 60 50 40
26 8 B 35 32.50 i 70 60 40
28 B 8 a5 35.00 90 70 G0 45

See footnotes gt end of Table,
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Table 20—Conductor Sizes and Overcurrent Protection for Motors (Cont’d.)

Protective Devices

i} 8 9 10
Maximum Allowable Rating or Setting of Braneh Cireuit

Wita CobE WitH Cope Wirn CoDE WitH CODE
LETTERS LETTERS LETTERS LETTERS
Single-phase Single-phase | Squirrel cage All motors,
and squirrel and squirrel and synchro- Caode letter
eage and ayn- | cage and sr\:n- nous, Aufo- A
For Running | chronous. Full | chronous. Full | transformer WirHoUT
Proteetion of | voltage, resis- | voltage, resis- | starting, Code | CobpB LETTERS
Motors#### | tor and reactor | Lor or reactor | letters B to B C and
Minimum size starting, Code | starting, Code ine. wound-rotor
conduetor in letters F to V | letters B to B WITHOUT motors.
rACEWRYS ine. ine, CopE LETTERS
For conductors | Maxi- Maxi- Wituout Anuto-trans- Squirrel cage
in air or for mum mum | CODE LETTERS | former starting | and synchro-
other insula- | rating setting | Same as above. | Code lefters nous auto-
tions see tables of of ad- F to V inc, transformer
1and 2 non- justable Wrrnour starting. High
AWGandMCM | adjust- protec- Copi LETTERS reactance
able tive Squirrel cape |squirrel eage,
protee- devices| and syn- Both more than
tive chronous, auto-| 30 amperes
devices transformer
starting. High
reactance
aquirrel cage,***
TypeR Type Am- Am- Both not more
TypeT - R peres peres than 30 amperes|
B i 40 37.60 90 T0 60 45
8 8 40 40.00 100 30 70 50
6 8 45 42.50 110 90 70 60
& 8 45 45.00 110 90 80 60
6 6 50 47.60 126 100 80 60
] 6 a0 50.00 1256 100 80 60
6 6 50 52.50 125 110 90 T0
6 6 60 hi.0 125 110 490 70
4 ] 60 B67.50 150 1256 100 70
4 6 60 60.0 150 125 100 20
4 6 60 62.50 150 125 100 80
4 ] 70 65.0 176 150 110 B0
4 4 T0 67.50 175 150 110 90
4 4 70 70.00 176 150 120 90
3 4 T0 T2.50 176 150 120 a0
3 4 20 T6.00 200 150 120 80
3 4 80 T7.50 200 175 125 100
3 4 a0 80.00 200 176 160 100
2 4 80 82.60 200 176 150 100
2 4 90 85.00 226 176 150 110
2 3 a0 R7.50 225 176 150 110
2 a 90 90,00 226 200 150 110
2 3 a0 92.50 226 200 150 1256
2 3 100 95.00 2560 200 175 126
L d 100 97.50 250 200 176 126
1 3 100 100.00 250 200 1756 125
1 2 110 102.60 250 225 175 125
1 2 110 105.00 250 226 175 150
1: 2 110 107.50 300 225 175 150
i 2 110 110.00 300 225 200 160
0 2 110 112.50 300 225 200 160
] 2 126 115.00 300 260 200 150
0 1 126 117.60 300 2560 200 150
0 1. 125 120.00 300 250 200 160
L] 1 125 122.50 300 250 200 150
0 1 125 125.00 300 250 200 150
i1} 1 150 131.56 360 300 225 176
00 0 150 137.5 350 300 225 175
a0 0 160 144.0 350 300 250 176
000 ] 150 150.0 400 300 260 200
000 00 175 156.5 400 350 250 200
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T'able 20—Conductor Sizes and Overcurrent Protection for Motors (Cont’d.)

Col. No. 1 2 8 5 6 7 8 9 -
: ) s 10
Maximum Allowable Rating or Setting of Branch Cireuit
Protective Devices
Wrra Copr Wrre Cobr Wit Copi T 1
Lerreas LETTERS LETTERS WLI'ET(E:;’;"*
Single-phase Single-phase | Squirrel cage All motors,
and sguirrel and squirrel and synchro- Code letter
Tor B 3 cape and avn- | cage and syn- nous. Auto- A.
Porr Ltlpmnv: chronous. Full | chronous. Full | transformer WiTHOUT
IC-? .E.c 13;1*2r voltage, resis- | voltage, resis- |starting, Code | Copm LuTTERS
I otorg’ tor and reactor | tor or reactor | lelters B to B and
eonductor Tn starting, Code | starting, Code ine. wound-rotor
Fiseways letters I to V | letters B to B WrrHouT muotors.
Full load | For conductors i ! [ e Cosx Larrans
iy i e Maxi- Maxi- WitHouT Auto-trans- Squirrel cage
vating of Gther thiali. mum mum | Cope Lerrers | former starting | and synchro-
s o nae Lkl rating setting | Same asabove. | .Code letters nous auto-
Pl RO e % es ng; 2 jg:&g]n F; to Vine. transformer
AWGandMCM udmal.— pratec- CODEE;;T%;R&; 5!.:;1325:;“[;!;@
able tive Squirrel ea ' ir ’
r g squirrel eage, F¥
p:?\tric- devices = and syn-g: Both mor: than
ive chronous, auto-| 30 amper
devices transformer e
starting. High
reactance
Ex . squi B
,},;gg% Lyve | Am-  Am- ey e
g | peres  peres than 30 amperes
130 000 00 N =
i 176 162.5 400 E
}i-{; Hggg gg 175 169.0 450 gé‘g ggg 5‘2}9
145 0000 ot égg };?2 ﬁn 350 300 222
- 4 £
150 | 0000 000 | 200 1875 130 :gg 300 25
158 0000 000 [200 1940 500 w0 350 250
i 280  oooy | 200 2000 500 400 350 250
£ oD - 1) 4 5
170 | 250 0000 | 225 233 500 150 550 300
175 300 0000 | 225 219, = T e
3 219. RON i
B[ Rdmom ) W R | om | @
( £ a1. £00 5
190 | 300 250 | 250 238 égn Egg :‘gg ;‘gg
195 250 250 | as0 . = 5 :
i f 244, 500 i
g‘l}g 35" 250 | 250 250 ggo 233 igg 300
530 430 300 | 250  263. 600 450 350
§ 0 300 | 300 275, = 600 450 ggg
230 500 300 | . Ly
. 300 288. = il
= 500 350 [ 800  800: = 600 500 00
Se0 ¢ 350 | 300 813, 5 100
_ %0 | 600 400 | 350 325 i o 600 400
270 600 400 @m0 sss” || — i
: a50 :
sgg 600 500 | 350 ggﬁ‘ asil - gun 420
-l ;g:l 500 | 850 363, S =7 4 450
00 500 | 400 375 o — 800 450
320 750 OO | 400 400 T o 100 4ob
| B 800 |4 : e 500
340 900 800 | 45 - = T mgg.
54 {0 h.
60 1000 700 | 459 o e == mar o
g 0 1250 750 | 500 475 P s S &0
00 1600 900 | 5oo 300, Ti% IS8 =3 600
S L S 00
420 1750 1000 5 T i
[ GO0 525.
jé” 2000 1250 | 800 &?,8 ki = T R
432 : 1250 | 600 576, iy p
5 1500 | 600  600. i o s el
00 o 1500 | __. @25, e s iy o

*For running prote
®Faor the grouping

F ¥ High-reactance squirrel-

“‘iﬂi‘ém[m or double-wound
For the running

of amall motors und

secondaries and are
protection of motors, ses

order 13-4322,

ction of motors of 1 horsepower or less, see order 13-4322.

er the protection of a single set of f
cage motors are those designed to Hmitgthr.' stac;ti;:es’ s sl

generally started on full voltage.

eurrent by means of deep-slot
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Table 21—Full-Load Current®

Direct-Current Motors

Hp 116V 230V 550V
14 5 4.6 ] 2.9
4 6.6 3.3 1:4
1 8.6 4.3 1.8
| =e | 6.3 2.6
2 16.4 8.2 3.4
3 24. 12. 5.0
5 i 40. = 20 2.8
Ti4 58. 29 12.0
10 6. 38, 16.0
15 B Tz, =, 23.0
20 148 74 31.
25 184, 92 38
0 T 220, 1 o 45.
40 202 . 146. 61.
50 360. 180 75.
s | 430, = 215 90.
75 536, 268, 111.
100 355 148
125 ) 443, 184.
150 534 220
200 712. 205 .
#These values for full-load current are average for all speads,
Table 22—Full-Load Current®
sSingle-Phase A.C. Motors
HP 115V 230V 440V
ET 3.2 1.6
7 4.6 28
17 7.4 a7
3 10.2 5.1
1 13. 6.5
1% 18.4 9.2
2 24. 12,
3 34. 17
5 56. 28.
114 0. 10 21.
10 100. 26.

Tor full-load currents of 208 and 200-voli motors, increase
full-load eurrent by 10 and 15 per cent, respectively.

#These values of full-load eurrent are for mofors running at speeds usual for
isties. Motors built for especially low

and motors with normal terque character! :
t, in which case the nameplate eurrent rating should

torgues may require more running curren

e uged.

eorresponding 230-volt motor

belted motors
speeds or high

BLECTRICAL CORNE—TARBLIS %3 1T
q
Table 23—Full-Load Current®
Two-Phase A.C. Moiors (d4=-wire)
ik Induetion Type Synch
Squirrel-Cage and Wound Rolor TUg':n!,; F;\‘f;& F?;{?;
—— Amparf’i’“m Amperes
HP || 110v | 220v | 440V | 550V | 2300V || 220V | adov | s5ov 2300V
7 = : S T e e ; "
3z 4.8 2.4 1.2 1.0
1 6.4 3.2 1.6 1.8
g || 8 | 44 | 22 i T
2 1.2 5.6 2.8 éig
RN B 8 4 3.2
5 13 7 § FE=na =]
Tiq 19 9 A
10 24 12 10
15 84 17 | 1 T 5
20 45 23 18
25 | | s | 28 22 6 47 24 19 4.7
30 67 | 82 | =2t | 7.5 46 21 i
i 29
‘ég 88 44 a5 9 75 37 %% ?'7
| _.LﬂE } 54 43 11 94 AT 48 9
60 128 | & 52 1 | [ o |[TE
0 2 . (11 56 | a4
133 158 79 63 18 140 70 57 i%
: ziz | 106 85 21 182 93 74 17
125 268 184 108 26
8 228 114 o 5
%gg 811 166 124 31 137 Ilfa} Eé
415 208 166 41 182 145 | 35

*These values of full-load current are for m i

- e val C it r motors running at speads usual for b

at:rd Sgtrns with riermal torque charucteristics. Motors built forpnspnnially low 5;%32 311'0111:?::?1

o ﬁaed m(;}{;gg\;ir:‘:-ﬂom running eurrent, in which case the nameplate current rating should
A ol pgfmg:ﬁn;or#u&gr‘og 2j13]?{we. 3—1\'1111'9 system wi.ll'b'a_ 1.41 times value given.

WL L L P. F. ahove figures should be multiplied by 1.1 and 1.25 re-
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Table 24—Full-Load Current®
Three-Phase A.C. Motors

Induction Type Synchronous 'l_“ypp.
Squirrel-Cage and Wound Rotor tUnity Power Factor
Amperes Aml_?'ﬁﬂ_ﬂ_ o
ap || 110v | 220v | asov | ss0v | 2300V || 220V | 440V | 550V | 2800V
| A .8
?2 5.6 2.8 1.4 1%
1 7 3.5 1.8 1.4 ___ B
T || 10 5 2.5 2.0
2% 13 6.5 3.3 2.6
3 9 1.5 1 D s
s 15 7.5 6
T4 22 11 9
10 27 14 11 gl = 2~
B |8 |8 |&
1 61 32 26 7 54 21 | 22 | 54
| O T 158 || [ W (S —
78 39 a1 8.5 65 33 26
@ 104 52 41 10,5 86 43 3 | &
50 125 63 50 13 108 s | [0
“ e || |15 "5 | en | 18 128 64 51 | 12
a2 188 93 74 19 161 8L 6 | 18
100 246 123 98 25 211 | 106 | 85 | 20
| I L [ dle et l a il =
25 310 156 .| 124 31 264 | 132 | 1
180 360 180 144 87 1s8 121 | 30
200 480 240 192 48

For full-load currents of 208 and 200 volt mamm1II inerease Lhe corresponding 220-volt
-lo: ; 6 and 10 per cent, respectively.
mmf’i"lf:};!’ l\la}:{{lg;-l Elie?&lll-)ﬂad current are for motors running at speeds ‘uﬂm]i for beltﬁg mnﬁiorﬂ
and motors with normal torque characteristics. Motors built for especially low spe:;:_ C uigh
torques may require more running eurrent, in which case the nameplate current rating s
e Lislsgr 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.25 re-

spectively.
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Table 26—Maximum Rating or Setting of Motor-Branch-Cireuit
Protective Devices for Motors Marled with a Code Letter
Indicating Locked Rotor KVA

Per Cent of Full-Load Current

Fuse Rating Cireuit-Breaker Setting
(See also Instan- Time
Table 20, Col- tancous Limit
Type of Motor umns 7, 8,9, 10) Tvpe Type
All AC single-phase and polyphase squirrel cage
and synchronous motors with full-voltage, re-
sigtor or reactor starting:
Code Letter A________..___ SsEarTia 160 = 150
CodeLetter Bto B, oo s 250 e 200
CodeLetter P to V______ ... . ____.._. 200 | 250
All AC squirrel eage and synchronous motors
with auto-transformer starting:
Code Letter A .. ... 150 o 150
Code Letter Bto BE____ _. 200 5l 200
Code Letter P to V. oo emvmemmmmaze 250 e 200

For certain exceptions to the values specified see orders 18-4342 and 18-4349, The values
given in the last eolumn also cover the ratings of non-adjustable, time-limit types of eireuit-
breakers which may also be modified as in order 19-4342,

Synchronous motors of the low-torque, low-speed type (usually 450 RPM or lower), such
as are used to drive reciprocating compressors, pumps, ete., which start up unloaded, do not
require a fuse rating or cireuit-breaker setting in excess of 200 per cent of full-load eurrent.

For motors not marked with a Code Letter, see Table 27.

Table 27—Maximum Raling or Setting of Motor-Branch-Circuit
Protective Devices for Motors not Marked with a Code
Letter Indicating Locked Rotor KVA

Per Cent of Full-Load Current

Fuse Rating Circuit-Breaker Setting
(Bee also Instan- Time
Tahle 20, Col- taneous Lirmit
Type of Motor umns 7, §, 9, 10) Type Type
Single-phase, all types______________________ 300 - 250
Squirrel-cage and synchronous (full-voltage, re-
sistor and reactor starting) . _______________ ano - 250
Squirrel-cage and synchronous
(auto-transformer starting)
Not more than 30 amperes______________ 250 e 200
More than 30 amperes. ... ... oo 200 - 200
High-reactance squirrel-cuge
Not more than 30 amperes___________ o 250 = 250
More than 30 amperes_____ 200 v 200
Woundrotor. . * - - - e 1560 150
Direct-current
Not more than 50 H.P._ 1560 250 150
More than 50 H.P,___.__. 150 175 150

For certain exceptions to the values specified sce orders 13-4342 and 18-4849. The values
given in the last column also cover the ratings of non-adjustable, time-imit types of cireuit-
breakers which may also be modified as in order 13-4342,

Synehronous motors of the low-torque low-speed type (naually 450 R.P.M. or lower) such
as are used to drive reciprocating compressors, pumps, ete., which start up unloaded, do not
require a fuse rating or circuit-breaker setting in excess of 200 per cent of full-load current.

Far motors marked with a Code Letter, ses Table 26.
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Table 28—Number of Overcurrent Units, Such as Trip Coils or
Relays, for Protection of Circuits

(See Diagrams 1 to 19)

(Hea Order 13-2405 for the overcurrent protection of conductors in gen-
eral, Order 13-2371 for Services and Order 13-4327 for Motors)

Systems

#Number and Location of
Owercurrent Units

2-Wire, Single-phase A.C. or D.C,
Ungrounded.

2-Wire, Sinsl&p!mse A.C. or D.C., One Wire
Grounded.

2-Wire, Single-phase A.C. or D.C., Mid-
point Grounded.

2-Wire, Single-phase A.C. Derived from 3-
Phase, with Ungrounded Neutral.

2_Wire, Single-phase Derived from 3-Phase,
Grounded Neutral System by Using oui-
side Wires of 3-Phage Cireuit.

4-Wire, Single-phase A.C, or D.C.
Ungrounded Neutral.

3-Wire, Single-Phase A.C. or D.C. Grounded
Neutral.

3-Wire, 2-Phase, A.C., Common Wire Un-
grounded.

4-Wire, 2-Phase, A.C., Common Wire
Grounded.

4-Wire, 2-Phase, Ungrounded, Phases
Separate.

4-Wire, 2-Phase, Grounded Neutral, or 5-
Wire, 2-Phase, Grounded Neutral.

3-Wire, 3-Phase, Ungrounded.

3-Wire, 3-Phase, 1 Wire Grounded.

4-Wire, 3-Phase, Grounded Neutral.

4-Wire, 3-Phase, Mid-point of one phase
rrounded.

4-Wire, 3-Phase, Grounded Neutral.

4-Wire, 8-Phase, Ungrounded Neutral.

Two (one in each conductor. Fig. 1).
One (in ungrounded conductor. Fig. 2).
Two (one in each conduetor. Fig. 3).
Two (one in each conduetor. Fig. 4).

Two (one in each conductor Fig. 5).

Three (one in each conductor. Fig. 6).

Twa (one in each conductor exeept neutral
conductor. Tig. 7).
Three (one in each conductor. Fig. 8).

Two (one in each conductor except common
conduetor. Fig. 9).
Four (one in each eonductor. Fig. 10).

Four (one in each eonductor except neutral
eonductor. Figs. 11 and 12).

‘Phree (one in each eonductor. Fig. #¥13).

Two (one in each ungrounded conductor.
Fig. 14).

Three (one in each conductor. Fig. **15).

Three (one in each conductor. Fig. #¥17).

Three (one in each ungrounded conductor.
Fig. *#*18).
Four (one in each conductor. Fig. 18).

*1. AnTovercurrent unit may consist of a series overcurrent tripping device or the com-
bination of a current transformer and a secondary over-current tripping device. Either two or

three secondary overcurrent tripping device

s may be used with three current transformers on a

2.phase system similar to those shown in Figures 15 and 18, i
#42, When three current transformers are uged instead of three geries overcurrent tripping
devices shown in Figures 18, 15, 17 and 18, the secondary tripping devices may consist of three

gpeondary overcurrent tripping devices or two secondary overcurren

t tripping devices with a

reaidual current tripping deviee of a lower range. See Figure 16,

3 Whore standard devices are not available with three or four overcurrent units as required
in the table, it ia permissible to substitute two overcurrent units and one fuse where three over-
current units are called for, two overcurrent units and two fuses where four overcurrent unils

are called for. The fuse or fuses are to be placed in

rrent

the eomduetors not containing an overe

unit. This praetice, however, of subslituting fuses for overcurrent units is Lo be discouraged

for ohvious reasons.
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Table 29—Demand Loads for Household Electric Ranges and Other
Household Cooking Appliances Over 13 kw Rating

Column A to be used in all cases except as otherwise permitted
in Note 4 helow

Maximum
Demand Demand Factors (See Note 4)
(See Notes)

Number of Ranges COLUMN A COLUMN B COLUMN C
(Not over 12 (Less than 814 (314 kw to 83¢
kw Rating) kw Rating) kw Rating)

8 kw 209 807
11 kw 750 65%
14 kew T0% 56Y%
17 kw 66, 50%
20 kw 629, 459,
21 kw 599, 439,
22 Tow 567 40%
23 kw 53% 36%
24 kw Bl 369
25 kew 497,
26 kw 47% 329%,
27 kw 459, 32%,
_________ 28 kw 439% 32%
29 kw 419% 82%
30 kw 407 827,
31 kw 399%, 28%
82 kw 38%, 285
_________ 33 kw 37% 28%,
34 kw 869%, 289,
35 kw 359%, 289,
36 kw 8497, 269,
37 kw 33% 269%
?S lew 329, 26%,
39 kw B31%, 26%,
s 40 kw 30% 269%
e -__15 kw plus 1 kw 309, 249,
___________ for each range 80%, 229,
- 25 kw plus 30% 209
E kew for each 309, 18‘77.';
G6landover_ . ______.__ range 807, 169,

Note 1. Over 12 kw to 21 kw ranges all of same kw rating. For ranges, individuall

r;l;r; thantle kw hit né)&‘rﬁnw ll:!i:m 2§ kow, the maximun} demand in Uoium#l A shall be ?nc):‘é-:::g
I » eent for each additional kw of rating or j Rl i
‘||||:Iiv;;]dual dnr ek S g or major fraction thereof by which the rating of

ote 2. Owver 12 kw to 21 kw ranges of unequal ratings. For ran indivi

; I C 2 - ges individ
more than 12 kw and of different ratings but none exceeding 21 kw an average v:ilul:aag?rraﬁgd
shall be Faluuluted by adding together the ratings of all ranges to obtain the total conneeted lnag
fﬂrﬁ(‘]’ﬂ tkhw for any rm&gn mtgd leés 11.."!':{11 ]i! I;llel :i.l]nd dividing by the total number of ranges;
u then the maximum demand in Column A shall he increased 5 3 r y 2
Fract;\?n l,hgreu[ by which this average value exceeds 12 h:\t\:’,l‘L T S
l ¥ ; % o, " ', . ", et s = ] $:

nnm%)?nse ratiﬁ;{qm ally, the demand for commercial ranges should be basel on the maximum

ote 4. Over 13 kw to 8% kw. In lieu of the method provided in Colum
rnfil't;a‘l‘nges mfd:l\;lduuliy rlat.ed n‘}ore th{anﬂl%{ kw but not more ?han 824 kw may Ee)‘r:b]ﬁgfd:;zg
as 2 gum of the nameplate ratings of all the ranges, multiplied by t i
in C?Erulfmgj Bﬁr C for the given number of mngges. Dijar iyt Comaned Tuneare speetied

ote §. Branch Cireuit Load. Branch cireuit ; : * i
accordance with the above table, ) ‘ Sl oI gl Sl s

{Sre examples 6 and 7.)
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NOTES TO TABLE 31

1, Except for lypesa AFPO, CPPO, PO-64, PO-32, PO, POST-64 and
POBJ-32, and POT-64, POT-32, and AVPO individual conductorg are
twisted together.

2. Type PO—64 is for use only with portable lamps, portable radio
receiving appliances, portable clocks and similar appliances which are
11_Cét ]ii\:h}e lo be moved freauently and where appearance ig a con-
sideration,

3. Types AT, CT, ATJ and CTJ are suitable for use in lengths not
exceeding eight feet when attached directly, or by means of a speceial
type of plug, to a portable appliance rated at 50 ‘watts or less and of
such a nature thal extreme flexibility of the cord ig essential. Types AT
and ATJ are for use only with heating appliances.

4. Type K is suitable for use on theatre stages.

i, Hubber-filled or varnished eambrie tapes may be substituted for the
inner braids.

6. Types S, 80, 8U, SUO and ST are suitable for use on theatre stages,
in garages and elsewhere where flexible cords are permitted by this code.

7. Types E and EO may have a composite assembly of steel and copper
strands in the make-up of the individual conduetors or may have one
or more supporting fillers of cotton or hemp rope, or of cotton-covered
or rubber-covered steel wire laid up with the conductors under the outer
covering of the cable. In ecables containing six or more conductors the
steel supporting strands shall run atraight through and not he cabled
with the conductors,

Table 32—Isolation by Elevation
(S8ee Order 13-7162)

Distance of Live Parts Above the Floor or Other Working Surface

Minimum Vertieal Clearance

of Unguarded Parts
Voltage Beiween Phases X

Feat Inches
8 0
8 ]
8 0
9 0
9 3
23000 ___ 9 6
! 9 10
..... 10 b
11 0
11 7
_____ 12 2

Table 33—Working Space
(Bee Order 18-7T183. Tor voltages below (00, see Order 13-1112)

Minimum Clear Space Adjacent to Live Parts

Minimum Horizontal Clear-

ance of Unguarded Parts
Voltage Between Phases

Feet Inches
3 2
3 3
3 4
3 6
3 il
4 0
4 4
4 11
i} G
] 1
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Table 34—Table of Dimensions of the National Eleetrical Code

Standard Cartridge Enclosed Fuses
{Sea Order 13-92401)

Y

S I

STYLE OF TERMINAL FoR CART-I i
RIDGE Fuses 0-60 Amps, ]

Form 1. CARTRIDGE FUSE—Ferrule Contaet

ELECTRICAL Cop E—TABLE 34 229

Table 34—Table of Dimensions of the National Eleetri lode
Standard Cartridge Enclosed Fuges (leé_,,d)ncal i
(See Order 13-92401)

. — |
STVLE OF TERMINAL FOR CamT-
RIDSE FUSES 61-600 Amprs.

Form 2. CARTRIDGE FUSH—Itnife Blade Contaet

A B
Distance
Length hatsweon
Rated Over Contact
Valtage Capacity Terminals Clips
Amperes Inches Tnehes y;
b
over 2B B30 w2 1
Mat over 250 R_.?:Sg é 2 1o
=4
TG0 | o Ak i
101200 § 7lg 4g
201400 g B o
401-600 @ 163 &
—
; i =30 3] 4
Nob over 600 3!}}‘20 % 9 hig
ﬁ.‘ ————
RN ET I T 8
10t —'ZE:J..g E 1.? % zji
20140 :
401-600 £ 18k 8

.“—————‘_‘:‘—-ﬂq___—___-—-—_——'—_—‘—_:—'-—__“:—:——-——___._ =
e - i
] Min Lengt |
Diamater of f Fory Wids
Ferrules or orooil‘ : I?re‘.lr.lrﬁ?:af Wigi,r;h C‘Ram‘d'
% ‘Thz_cl_mess of Blades optside Terminal ki
Terminal Blades of Tube Blades Amperes
Inches Inches Inches
5716 3z i o
o | <]
7 ; T e | R
. % 1 BI-1f
fe iy o3| umm
A % % ~d{H)
. 2 2 5 401-600
13716 b “
1-1/16 % g o180
= —.____1 L = S
: : 4 2 61-100
B3/18 IIE } ;(/5 E égii—zq;),
i : =401
i 234 2 401-500
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DIAGRAMS
Diagrams | 1019 showing Number of Overcurrent Units such
as Trip Coils or Reloys for the Prolection of Gircuils os
required by Toble 28.

% % See Nole 2 Toble 28,
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ELECTRICAT, CODR 333

MOTOR FEEDER s BRANGH GCIRCUITS

Feeder Overcurrent

Protection
Order 13-4362

Section [3- 430

Feeder Conductors

Erom Order 13- 43149
Supply
MOTOR BRANCH CIRCUIT
Overcurrent Protection
i Drder |F-4341 to 13- 4349
/ Disconnecting Means
Order 18-4401 to 13-4411
Motor
Branch- circuit
Gonductors

Crdar 13- 4312

Secondary

Circuit Conductors

Order 13- 4313

¥ Usuolly mounted in

the some cose

-

*Motor-running Over-
current Device
Ordzr 12-4321 to 17-4333

*Motor- Controller
Order 3-438/ ro (3= 43580

MOTOR

Secondary Gircuit for
Wound- rotor Motors

4 Secondary Controller
RN
>y

Secondary Resistor

Fig: 20




334 VOLUME 2

Examples

SELmoTIoN oF Conpucrors, In the following examples the size of conductor
has been selected on the basis of the allowable current-carrying capacities
tabulated in the second column of Table 1. If other types of insulated con-
ductors are used, or if the conductors are run open, or with more than three
conductors in a raceway, the size of conductor may vary from those shown.
Tables 1 and 2 should be consulted in selecting the size of conductor for a
particular installation.

Vorrage, For uniform application of the provisions of Sections 13-210 and
13-230, a nominal voltage of 115 and 230 volts shall be used in computing the
ampere load on the conductor,

FRAGTIONS OF AN AMPERE. Where the computations result in a fraction of
an ampere, such fractions may be dropped.

RaNGEs, For the computation of the range loads in these examples Column
A of Table 29 has been used. For optional method, see Columns B and C of
Table 29,

Ixample No. 1, Single Family Dwelling

Dwelling has a floor area of 2,500 square feet, execlusive of unoccupied
cellar, unfinished attic and open porches. It has a 12 kw range.

CoMPUTED Loap (Order 13-2203):
General lighting load:
2,500 square feet at 8 watts per square foot -~ 7.500 watts
MINTMUM NWMBER oF BRANCH CIRCUITS REQUIRED
(Order 13-2115):
General lighting load: 7,500 <+ 115 = 65 amperes, or five 16-ampere
9-wire cireuits; er four 20-ampere 2-wire circuits,
%mall appliance load: One 2-wire cirenit of No. 12 wire. (8ee Order
13-2115-B).
MINIMUM Sizg FEEDERS (OR SERVICE CONDUCTORS) REQUIRED
(Order 13-2201):
Cemputed load (Order 13-2203) :
General lighting load - o ?.5gn watts

Small appliance load —mom e 1,500 walts
(See Order 13-2208 C-1).

Total computed load (without range) ——————__ 9,000 watts
3,000 watts at 100% —————- B 3,000 watts
9,000 minus 3,000 = 6,000 watts at 36% ———— - ——— 2,100 watts
Net computed load (without range) ——————-_ 5,100 watts
Range load (SBee Table 28 Column A) oo 8,000 watts
Net computed load (with range¢) —-——————_ —— 13,100 watls

For 115/230 volt, 3-wire system:
13,000 <+ 280 = 57 amperes. (See Orders 13-2201 and 13-2304 for
minimum size conduetor) Use No. 4 service conductors.

MINIMUM NUMBER RECEPTACLES REquIRED (Order 183-2124):

LiviNg Roont: 16 feet by 22 feet; 76 feet total (gross) distance around the
room. 76 feet = 20 = 8.8 or 4 receptacles,

TacH BED Room: 14 feet by 15 feect; 38 feet total (gross) distance around
the room. 58 feet = 20 = 2.9 or 3 receptacles.

sDINING Rood: 16 feet by 16 feet; 64 feet total (gross) distance around the
room. G4 feet + 20 = 3.2 or 3 receptacles,

+*BREAKFAST Roos: 10 feet by 12 feet; 44 feet total (gross) distance around
the room. 44 feet + 20 = 2.2 or 2 receptacles
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*KITCHEN : 14 feet by 14 feet: 56 feet total (gross) distance around the room,

56 feet -~ 20 = 2.8 or 3 receptacles.
§0T§I 1. Receptacles to be placed equal distances apart insofar as prac-
icable

‘N(.}TE 2, Receptacles in these locations, also laundry, to be supplied by
circuit or circuits of not less than No. 12 wire, (Order 13-2115).

Example No. 2, Small Roadside ¥ruitstand With No Slmw Windows

A small roadside fruitstand with no show windows has a floor area of 150
m[ua.rfa feet. The electrical load consists of general lighting and a 1000 watk
floodlight. There are no other outlels,

CoMpPuTED Loan (Order 13-2203)
*General Lighting
150 Sq. ft. at 3 watts/sq. £t % 1.25 = 562 watls
(3 watts/sq. ft. for stores)
562 watts +— 115 = 488 amperes
One 15 ampere 2 wire branch eircuit required (Order 13-2116-
A1)
MINIMUM SI1ZE SERVICE CONDUCTOR Requirep (Order 13—-2304—A-1)
Computed load

__________________________________________ a62 watts
Floodlight load o i

Sy -— 1000 watts

Total load __ 1562
! e e e e e i 1562 watts
1662 - 115 = 13.6 amperes
Use No. 8 service conductor (Order 18-2304-A—1)

Use a 30 ampere service switch or breaker (Order 13-2357)

Example No. 3. Store Building
A store 50 feet by 60 feet, or 2,000 square feet, has 30 feet of show window,
CoMPUTED LoAD:
(Order 13-2203) :
*General lighting load :

3,000 square feet at % watts per square feot 3 1.25 ____ 11,250 walls
**Bhow window lighting load:

30 fect at 200 watts per foot _______________ —— 6,000 wutts

MiNIMUM NUMBER oF BRANCH CIRGUTTS Requiren (Order 13-2115) :
*##General lighting load: 11,250 = 230 — 49 amperes for 3 wire, 115/230
volts; or 98 amperes for 2 wire, 115 volts:
T%u*ee 30 ampere, Z-wire; and one 15 ampere, 2-wire cireuits @ or
Five 20 ampere, 2-wire cireuits: or
Three 20 ampere, 2-wire, and three 15 ampere, 2-wire circuits : or
Seven 15 ampere, 2-wire, circuits: or
Three 15 ampere, 3-wire, and one 15 ampere, 2-wire circuits,
Special lighting load (show window): (O
H rders 13-2116-0C—2
13-2208-B): 6,000 = 230 —
amperes for 2-wire, 115 volts:
Four 156 ampere, 2-wire circuits: or
Three 20 ampere, 2-wire circuits: or
Two 15 ampere, 3-wire ecireuits,

antl
26 amperes for 3-wire, 1157230 yvolt; ‘or 52

MiNiMUM S1ZE FEEDERS (OR SERVICE CoNpucTors ) REQUIRED (Order 13-2201) :
For 115/230 volt, 3-wire system: . o
Ampere load: 49 plus 26 — 75 amperes, (Order 13-2203%) :
Size of each feeder, No. 2
For 115 volt system ;
Ampere load: 98 plus 2 —

150 amperes, (Order 13-2904
Size of each feeder, No. 4/0 = e

See next page for lootnote refercncos.
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ntire general lighting load ‘Is likely
oad is therefore increased by 25
The 25 per cent increase is not

*The above examples assume that the ¢
to be used for long periods of time and the 1
per cent in accordance with Order 13-21186.
applicable to any portion of the load not used for long periods.

#41f show window load computed as per paragraph 13-2116B, the unit load
per outlet to be inereased 25 per cent.

##+The load on individual branch circuits not to excee
circuit rating (Order 13-2125-B).

d 809% of the branch

Example No, 4. Multi-Family Dwelling

Multi-family dwelling having o total floor area of 32,000 square feel with

40 apartments.

Meters in two banks of 20 each and
apartment.

One-half of the apartments
exceeding 12 kw each.

Area of each apartment is 800 square feel.

individual sub-feeders to ecach

are equipped with electric ranges of not

CoMPUTED LoOAD FOR TCACH APARTMENT (Order 13-2203) :
General lighting load:
800 squarec feet at 3 watts per square foot — -~
Special appliance load:
Electric Fangt oo —— e memm—mmmm e m—m— == —— e
IRED FoR BACH APARTMENT

2,400 watts
8,000 watts

MiNIMUM NUMPER OF DBRANCH CIRCUITS REQU
(Order 13-2115) :
General lighting load: 2,400 = 115 = 21 amperes or two 15 ampere,
9.wire cireuits: or two 20 ampere, 2-wire cirouits.
Small appliance load: One 2-wire eircuit of Mo. 12 wire (See Order

13-2115-B).
Range Circult: 8,000 - 230 — 34 amperes or a circuit of two No, &'s

and one No. 10 as permitted by Order 13-2121-C-1.
MiNIMUM SiZE SUus-FEEpER REQUIRED FOR JCACH APARTMENT (Order 13-2201}:
ComenTED LoAD (Order 13-2203):

General lighting load watfs
Small appliance load watts
Total computed load (without ranges) —————————- 3,900 watts
Application of Demand Factor

3,000 watts at 100% 3,000 watts
900 watts at 35% watts

Net computed load (without ranges) — o ————- 3.215 watts

Range 1088 oo e 8,000 watts
Net computed load (with ranges) ——ee——ceomn 11,315 watts

Tor 115-230 voLT, 3 WIRE sYsTeEM (WITHOUT RANGES) :
Net computed load 3,315 + 230 = 14 amperes
Qize of each sub-feeder, No. 10 (See Order 13-2201).
For 115-230 voLT, 3 WIRE BYSTEM (WITH RANGES):
Net computed load 11,8315 <+ 230 = 48 amperes
Size of each ungrounded sub-feeder, No, 6
Neutral Sub-feeder:
Lighting and small appliance PO o s 3,315 watts
Range load 8,000 watts at 70% (See Order 13-2203-G) 5,600 watts

Net computed load (neutral) —— o 8,915 watts
8,915 <+ 230 = 39 amperes
Size of neutral sub-feeder, No. 8,
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Mimimom Bize PeebErs RE
U UM Size EQUIRED FROM SERVICE IQUIPMENT To METH
(For 20 APARTMENTS—10 WITH RANGES) : i e
Total Computed Load:
Lighting and small appli:
I E ppliance load, 20 8,4
Application of Demand Factor i
3,000 watts at 1009 __
75,000 watts at 359 _____: ____________________ = 22{:23 “'“:t“
___________________ L 5,250 watts

______ 78,000 watts

Net computed lighting and small a pliance L 20,250 waltts
2 nall appli > load
Ruange load, 10 ranges (ILess th 12 L ol, A, ; : I
1 58 an kv C A
able 9 O S e 2 A atts
T4 29) 25,000 watt

_____________ 54,250 watts

Net computed load (with ranges)
For 116/230 voLr, 3 WIRE SYSTEM :
Net computed load: 54,250 — 2
i ¢ 04, + 230 = 236 ampere
Size of each ungrounded feed Basit
>4 er to each : >
ot b wch meter bank: 300,000 C.M,
Lighting and small a i
ppliance load ___
Range load, 25,000 watts at W i
(See Order 13-2203G), e

Computed load (neutral
3 ) _____
46,750 + 230 = 203 amperes. i
Further Demand Factor (Order 13-2203G) :
200 amperes at 1009 = 200 amperes

3 amperes at 709 = 2
’ — amperes
gef. computed load (neutral) 202 amperes
ize of neutral feeder to each meter bank _____ 250,000 C.M

MinNim DY FrRDE
Erimnes 1 v B TN BORIGURRA
'l‘ota,Il 'Cumputed Lioad:
Lighting : i
Applicfti;ﬁ‘gufugleliz}sg ;:22::'1;:;':‘-‘3 R 008 W e o
3,000 watts at 1009
117,000 watts at 35%
36,000 watts at 259

REQUIRED (For 40

_: __________________________ 3,000 watts 4
____________________________ 40,950 watts
_________________________ 9,000 watts

Net computed lighting
) g and small appliance lo, ]
Rangchol?ld, 220 ranges (Less than 12 kw (.‘,‘{::E;’d :{ B
able 28) ___________ ’ e,
_______________________ 35,000 watts
Net computed load ______________
FUJI: 115/230 voLT, 3 WIRE SYSTEM: bl T SR
et computed load 87,950 — ‘? I
4 B s + 280 = 382 a res
Size of each ungrounded mai 100 G
n feeder:
Neutral Feeder: SR
J]:_{‘;ghtinlg and small appliance load ____ ; 52,950
g Rl L ORS. s g
ge load, 35,000 watts at 70% (See Order 13-2203G) 24,500 :::::‘s
" ratts
Computed load (neutral) ________
77,450 + 280 = 337 amperes. == i i
Further Demand Factor (See Order 13-2208G) :
.:lf[_} amperes at 1009% = 200 aunpere‘;.
137 amperes at T8 = 98 ampers‘.s'
Netcomputed load (neutr. 296
2k 2 E: = al) = 2048 @ "
Size of neutral main feeder __ i 50
______________________ 0,000 C.M,
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wxample Neo. 5, Calculantion of Neutral Feeder

(See Order 13-2203)

aleulati size of neutral
i rates the method of caleulating size o
ri example illustrates t oS S
r.[‘lhc- [1’111}0:}\1]e-n§0111pute(1 load of a 5-wire, 2-phase aystem,l:hi;'aégqlt is
{Eer(r?c:ﬂify the'loaﬂ in accordance with provisions of OI(}B‘I‘ 3 I..o.q e
An installation consisting of a computed load of 250 amperes 2
between neutral feeder and each ungrounded feeder,
Nentral feeder (maximum unbalance of load
= 35 reg)
260 amp. X 1409% = 350 ampere ) .
I 200 amperes (first) at 1009% = El'Hrl f{"ll':_':.{ﬂ:
150 amperes (excess) at 70% = 1056 amperes
Computed load 305 amperes
Size of neutral feeder: 500,000 C.M.

. 'I‘
Example No. 6. Maximum Demand for Range Loads

to ranges not over 12 kw. The application of

Table 29, Column A applies(and ot over 21 kw) is illustrated in the fol-

Note 1 to ranges over 12 kw
lowing examples:

A, Ranges all of suante rating
anges cach rated 16 kw. . , e
J;E(s)::“?‘:lizfm A the maximum demand for 24 ranges of 12 kw rating
T 2

- w. exceeds 12 kw by 4
: 60 < . - : :
rl';kx. f ic 905% (59 inerease for cach kw in excess of 12).
5% 2

2 = 7.8 kw increasc. ! e
ig l—(i—w1>8{ :‘)Zbﬁ § = value to be used in selection of feeders.

B. Ranges of unequal rating.

Assume 5 ranges each rated 11 kw.

2 ranges cach rated 12 kw.

20 ranges each rated 13.5 kw.

i each rated 18 kw. :
S T 60 Use 12 kw for range rated less than 12.

6 X 12 =
2% 12 = M
20 ¥ 13.6 = 270
3 % 18 = B4
408  kw
408 = 30 = 13.6 kw (average to be used for computation)
3 # : y I is 15 30 =
From Column A the demand for 30 ranges of 12 kw rating is 15 4
45 kw,

xceeds 12 by 1.6 (use 2). . s
éi; ;(fjec: 510% (59% increase for each kw in excess of 12).

= 4.,b kw increase. . ‘
:g lfl—wal); E}?:" 5 kw = value to be used in selection of feeders.

Example No. 7. Ranges on a 2-Phase System
(Order 13-2203-D)
i - ~wire,
Thirty ranges rated at 12 kw each arve supplied by a 3-phase, 4
air | s t
der, : > rach phase,
2 -volt feeder, 10 ranges on eac - .
s re 20 ranges connected to each ungrounded conductor, ?fug,l:::f
AF};“ELE cilcula.tvﬂ on the basis of 20 ranges (or ml case "Jr(_:{];“.:];(\:p‘:qi'i\:
Hhﬁ'u the maximum number between any two phase }\nft:s-) :;:}1 -t:q".nfi ..m-;t
e l(i? o ly‘ta the number of ranges connected to adjacent phases d
applies on

the total.
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The eurrent in any one conductor will be one-half the total watt load of
two adjacent phases divided by the line-to-neutral voltage. In this case, 20
ranges, from Table 29, Chapter 10, will have total waltt load of 35,000 watts
for two phases; therefore, the current in the feeder conductor would be:

17,600 + 120 = 146 amperes.
On a three-phase basis the load would he:
3 X 17,600 = 52,500 watts
and the current in each feeder conductor—

_‘MO— = 146 amperes.
208 X 1.73

Example No, 8. Motors, Conductors, and Overcurrent Protection
(See Orders 13-4313, 13—4814, 13-4322 and 13-4342)

Determine the size of conductors, the motor-running overcurrent protection,
the branch cireuit protection, and the feeder protection, for one 25-h.p.
squirrel-cage induction motor (full-voltage starting), and two 20-h.p. wound-
rotor induction motors, on g 440-volt, 3-phase, bi-cyecle supply.

CoNDUCcTOR BIZES

The full-load current of the 25-h.p, motor is 32 amperes (Table 24), A
full-load current of 32 amperes requires a No. 8, Type R, rubber-covered
conductor (Column 2, Table 20). The full-load current of the 30-h,p, motor
is 30 amperes (Table 24). A full-load current of 39 amperes reguires a No, 6
Tyve R, rubber-covered conductor (Column 2, Table 20),

The feeder conductor capacity will be 125 per cent of 39, plus 39, plus 32,
or 120 amperes (Order 13-4314), In accordance with Table 1
require a No, 0, Type R, rubber-covered feeder,

Note. For Type R conductors run open in air, or for conductors with
insulations other than Type R, see Tables 1 and 2.

L, this would

OVERCURRENT PROTECTION

RurNiNG. The 25-h.p, motor, with full-load current of 32 amperes, must
have running overcurrent protection of not over 40 amperes (Columns 5
and 6, Table 20), The 30-h.p. motor with full-load current of 39 amperes
must have running overcurrent brotection of not aver 50 amperes (Columns §
and 6, Table 20).

BrANCH Cikcurr, The branch circuit of the 26-h.p. motor must have branch-
cireuit overcurrent protection of not over 100 amperes (Columin 7, Table 20),
The branch cireuit of the 30-h.p. motor must have branch-circuit overcurrent
protection of not over 60 amperes (Column 10, Table 203,

VEEpER Cincwuit, The rating of the branch-circuit fuse for a 26-h.p. squirrel
cage motor is 300 per cent of 32 amperes, or 86 amperes (Table 27) ; and for
4 30-h.p, wound-rotor motor is 150 per cent of 39 amperes or 59 amperes
(Table 27). The rating of a feeder fuse is, therefore, 96 + 38 4+ 89 = 174

amperes, and a 175-ampere fuse is the maximum size which may be used.
(See Order 13-4362,

The setting of a motor-branch-circuit cireuit-breaker for a 25-h.p. squirrel
cage motor is 250 per cent of 32 amperes or 80 amperes (Table 27); for a
40-h.p. wound-rotor motor is 150 per cent of 39 amperes or 59 amperes (Table
27). The maximum setting of a fecder cireuit-breaker is 80 1 39 4 89 = 158
amperes. (See Order 13—1362,)
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PART 5
RADIO INSTALLATIONS

Orders formerly contained in this part of the code will be found in
Section 13-810,

PART 6

PROTECTION OF BUILDINGS AND STRUCTURES
AGAINST LIGHTNING

For complete codes on lightning protection see the following:

1. Code for Protection Against Lightning, National Bureau of
Standards, Handbook H-21.

9. Code for Protection Against Lightning published by the National
Fire Protection Association, 60 Batterymarch Street, Boston, Massa-

chusetts.

SECTION 160. SCOPE, DEFINITIONS, ETC.

Order 1600. Scope and Purpose.

The rules of this part of the code apply to the protection against
lightning of buildings and other property, with the exception of prop-
erty devoted to the production, storage, and transportation of flam-
mable liquids and gases, and electrie lines and equipment.

The purpose is the prevention of fire loss and other damages from
lightning by directing attention to the available means of protection
which are believed to be effective.

Order 1601. Interpretation and Exceptions.

This code shall be liberally construed. In cases of practical difficulty
or unnecessary hardships exceptions from its literal requirements may
be made if equivalent protection is otherwise secured.

1t is not intended that this code shall be interpreted as recommend-
ing the protection of every class of property to which it applies, but
shall constitute the standard where economic or other considerations
make it appear that protection is necessary ov desirable.

Order 1602. Mandatory and Advisory Requirements.
The word “shall” where used is to be understood as mandatory and
the word “should” as advisory. “May” is used in the permissive sense.
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Order 1603. Terms and Definitions,

A i3 Tl aaagna . . .
b 2;1::1] minal: The combination of elevation rod, and brace, or foot
ed on u tions waetur 4 & : S
o pper portions of structures, together with tip or point
Cond e T
i cur:;t? -f’lht? portion of a protective system designed to carr
Bmmhn C?m :uhtghtmxg discharge from air terminal to ground v
Y ctoy: conductor whi ¥ :
frrém(? 55 S ot v ok mnductorw hich branches off at an angle
able: . i : :
T ;;e?._*gg;l;n%l;ei of wires 1_;w1sted or braided to form a conductor
distinguished fL- eel: Steel with a coating of copper welded to it as:
Preagn Condu:::(:: C;EPET-Plated or copper-sheathed material
e verti i . >
skl i et rtical portion of a run of conductor which
Elevati, . 3
by mee!;t:onfRO]f" The vertical portion of conductor in an air terminal
e tene?.- X (Th_‘t Is elevated above the object to be protected
e ?C‘)'on evice used to secure the conductor to the bui]dirllg
soil and a cm?lzizzﬁr?:? - lzlumed i £ g Sm'l‘onndi.ng-
; X conductor which tog : . : ine
ohfq;ci; J?to electrical continuity with the eagf}fthm R SR
etal-Clad Building : A building with sides made of or z .
e or covered with

Metal-Roofed Buildyi i
Iding: A i i
o g building with a roof made of or covered
Point: The pointed pi
° piece of metal used at th 3
ele};atmn rod to receive a lightning discharge R e
i oo;; Conducto.'r: The portion of the conductor above the eaves 1u
g along the ridge, parapet, or other portion of the roof -

SECTION 161. LIGHTNING RODS FOR ORDINARY BUILDINGS

to(;.‘;:li(lag;s 1610fto 1613,_ inclusive, hereunder apply more particularly
. no;{gj) n(:j tIt1'e ordlr;;ary types which have roofs of slate, tile or
- ucting material, Order 1614 sets forth ifloati
; ing | r modificatio
31; c;riiis r];ﬁzzdmg it ;v?:llch may be made for the case of buil(?fnég
; or roofed and clad with metal. Groundi i h
connection of metals are included i e e
( ! 2 ed in Orders 1615 to 16 i
tion 162 is to be referred to wh ildi e b ol
hen build Y i i i
steeples, flag poles or towers. o TR AN A

Order 1610. Conductors.

A. Jif&temls. Ihe ]llaterlal of w ]I rotect v Ystellls are ltla{le
a8 hlc P t e 5
Sha“ be Te]atl VEIY IESIStaIlir t() corrosion or Shall bE acCeptab]V pll)

tected against corrosion. No combination of materials shall be used

that forms an electrolyti
) 2 ytic couple of such nature that in th
" o - - e
moast(‘;ue corrosion is accelerated, but where moisture is pE;;S::gﬁt?f
exclu e.-.d from the junction of such metals contact betw. .
not objectionable. R
The following list of materi i
he | als comprises those commonl
protective systems, or parts of protective systems, and \{riz}sle(:hi:'n
{0 ir
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accompanying spcciﬁcations} c}cl:‘nstitutt:e materials to be regarded as
ndard for the purposes of this section. )

" 1. Copper. Where copper is used‘ it shall be of t};s;) g&':ieg-no;ild

narily required for commcrcial.e_lectrlcal work, gjnera y des

as being of 98 per cent conductivity when annealed. i

2. Alloys. Where alloys of metals are used thn.ay ‘?ha-l“ bedis:;.;a;]S
tially as resistant to corrosion as copper under 31}111 ar conh .er

3. Copper-clad steel. Where copper—lead steel is usii, t ; eclog?re
covering shall be permanently ;'lml(f Eﬁectlieiﬂavt:i;i:iotl?du;ai ors noi;

f copper shall be suc :
?et?s 31131? gc(;p;il 2213: of f]'?e conductance of an equivalent cross-section
of solid copper.

4, GalI\Jr}:mized steel, Where steel is gsed it‘shall‘ be :hc;;z?fzg
protected against corrosion by a zine coatmg which v‘vﬂl si is o
withstand the standard test of the American Society for

jals for galvanized coatings. .
Maﬁ?l;t:m wfd Size. Branch and main conductors may ]‘Je .mﬂtll:la.
form of cable, tube, strip or rod havipg mupd, square, star .E;SO e
cross-section. The following subsections give minimum 8§l
wmg?.ts(iopper Cable. Copper cable condchEm-s shall wtai‘gh fnotc;ﬁz
than 187.5 pounds per thousand feet. The size of any wire of a
shall be not less than No. 17 A. W. G. (0.045 inch). o

2. Copper tube, copper solid section and ccpper-cladl s{,leelll. w:i f;l.
or solid section conductors of copper or copper-clad st(?eks a : a;gw
not less than 187.5 pounds per thousand feet. The tl-ﬁc lness uf =
tube wall shall be not less than No. 20 A. W. G. The 11::‘;1%(}5 0(0 053{
copper ribbon or strip shall be not less than No. 16 A. W. G. (0.
inch).

1 )3 Galvanized steel. Galvanized steel conductors shall l;av:e a :;eftt
weight of steel of not less than 320 pounds per thousam; reei aa;';zed
zine coating of not less than 2 ounces per square foot ;-La:lvaniz_
surface. The thickness of any tube wall, web or rlbbo}? bf g;e g e
ing shall be not less than No. 1?’ U. S. Standard S ee?] ugﬁ1 B.hau
inch) and the diameter of any wire of a cable befot_'e ‘ga vanizing

be not less than No. 14 Steel Wire Gauge (0.080 inch). .

Q. Joints. 1. General. Joints in conductors shall be as few 1r]; num-
ber as practicable and where they are necessary theytff?mlll ?lt;nci
chanically strong and well made and provide ample elec uchlE co m‘;
The latter requirement is to be regarded as met by a clm.1tac ; a}_;leﬂ, o
less than double the conducting cross-sectional area of the c.{m 'I.ll..‘. .

2. Mechanieal strength. On gtruelures excef:ding 60 feet in helg‘ht,
joints shall be so constructed that their mechanical strength n‘1 ter;su})ln
as shown by laboratory tests is not less than 50. per cen.t ‘of that o l;c f,»
smallest of the several sections of conductor which are joined together,

3. Electrical resistance. Joints shall be so ]'I'Iadf.] that they haw.a
an electrical resistance not in excess of that of two feet of conductor,

BLECTRICAL CODE—ORDER 1611 343

D. Fasteners. Conductors shall be securely attached to the build-
ing or other object upon which they are placed. Fasteners in general
shall be substantial in construction, not subject to breakage and shall
be, with the nails, screws, or other means by which they are fixed, of
the same material as the conductor, or, of such nature that there will
be no serious tendency towards electrolytic corrosion in the presence
of moisture because of contact between the different parts.

Fasteners shall be so spaced as to give adequate support to the con-
ductor, generally not over four feet apart.

Order 16L1. Points and Elevation Rods.

A. Attachment of Points. Separate points are not required, but if
used shall be of substantial construction and be securely attached to
the elevation rods by serew or slip joints. The conducting eross-
sectional area of the base shall be at least equivalent to the conducting
cross-sectional area of the elevation rod.

B. Elevation Rods. 1. Size. Elevation rods shall be at least equiva-
lent in weight and stiffness of 2 copper tube having an outside
diameter of % inch and a wall thickness of No. 20 A. W. G. (0.032
inch).

2. Form. Elevation rods may be of any form of solid or tubular
cross-section,.

3. Height. The height of an elevation rod shall be such as to
bring the tip not less than ten inches above the object to ba protected.
On flat or gently sloping surfaces 2 greater height than ten inches
should be provided but the height need not exceed five feet,

C. Braces for Elevation Eods. 1. Use. Elevation rods shall be
amply secured against overturning either by attachment to the ohject
to be protected or by means of substantial ﬁ‘ipod or other braces which
shall be permanently and rigidly attached to the building.

2. Materials. The material from which braces are constructed
shall be at least the equivalent in strength and stiffness of one-fourth
inch round iron, and with the nails or serews used in erecting must
comply with the requirements of “Order 1610 A Materials” as to ve-
sistance to corrosion or protection against eorrosion,

3. Form and construction. Braces shall be assembled by means of
riveted joints or other joints of equivalent strength, Preference should
be given to tripod or fourlegged braces and when in: place the feet
should be spread until the distance between them approximates one-
third the height of the brace.

4. Guides. Where elevation rods are more than 24 inches high,
braces ghall have guides for holding the elevation vod at two points
located approximately as follows: The lower at a distance above the
foot of the rod equal to one-third of its height, the upper at a distance
above the lower equal to one-fourth the height of the rod.

Where elevation rods are 24 inches high or less, braces with » single
guide may be used, holding the rod approximately midway of itg
height. Ten-inch elevation rods may be braced by means of substantial
footings.
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Order 1612, Prevention of Deterioration. .
A. General, Precaution shall he taken in every instance to Provulc
against any undue tendency toward deterioration due to local con
itions. ‘
dlt;?.. Corrosion. Where any part of a protective system is e%xpf)[;se;}
to the direct action of chimney gases or other corrosive gases, .1t c},l ar
be protected by a continuous covering of lead one-sixteenth inch o
more in thickness. . .
C. Mechanical Injury. Where any part of a protectwe. sytls‘em.lls
exposed to mechanical injury it shall be protected by cuvett:mg }te\:;;;
molding or tubing preferably made of wood or non-magnetic ma cteci
1f metal tubing is used the conductor shall be electrically conne
to it at its upper end. 1
D. Use of Ornaments. The use of small 'ornaments such as g‘asz
balls attached to elevation rods is not objectionable b‘.‘lt el'evatwn 1 0
shall not be made to support vanes or ornament‘s having in any plane
a wind resistance avea in excess of 20 square inches.

Order 1613. Air Terminal and Conductors.

A. General. Air terminals shall be provided for all structu.ra] psi'.rts
that are likely to receive, and be damaged by, a stroke of 11g}1tnmg.

B. Projections. In the case of projections such as gables, chlmnetgly.ls.
and ventilators, the air terminal shall be placed on, or a?;ta_ched to,f z
object to be protected where practicable, otherwise within two fee
of it. .

C. Ridges, Parapets, and Edges of Flat Roofs. Along 1'1dg(_es, p.aralt—
pets, and edges of flat roofs, air terminals shall be spaced at intervals
not exceeding 25 feet. il

D. Metal Projections and Parts of Buildings. Metal projections a.l;ld
parts of buildings such as chimneys, ventilators_, ‘ﬁagpoles, towers,
water tanks, spires, smoke stacks, steeples, deck ra11_1ngs, shaft hcufsest
gables, skylights, dormers, ridges, and parz.a.pets which are made 0 bclu
covered with metal that are likely to receive, but n?t be .'sfppre_mzjc ¥
damaged by, a stroke of lightning, need not b_e prc:vlded with air e;;
minals, but shall be securely bonded to the llghtnlng conductor‘ wi
metal of the same weight per unit length as the main conductor.

E. Coursing of Conductors. Conductors shall in ge'ne}'al hi‘% coursed
over the roofs and down the corners and sides 'cu.‘.' bulldl‘ngs in s‘uch a
way as to constitute as nearly as local conditions will permit, an
enclosing network. .

F. Roof Conductors. Roof conductors shall be coursed along con-
tours, such as ridges, parapets, and edges of f'la't roofs, .and wl?ere
necessary over flat surfaces, in such a way as to join each air terminal

rest.
tofi'tlnloghsonductors surrounding decks, flat surfaces, and flat roofs,
shall be connected to form a cloged loop.

G. Down Conductors, Down conductors shall preferably be coursed
over the extreme outer portions of buildings, such as corners, due con-
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sideration being given to the best places for making ground connec-
tions, and to the location of air terminals.

H. Obstructions. Conductors shall be coursed around chimneys,
ventilators, and similar obstructions in a horizontal direction,

I. Bends. No hend in a conductor which embraces a portion of a
building such as an eave, shall have a radius of less than eight inches,
The angle of any turn shall not exceed 90° and conductors shall every-
where preserve a downward or approximately horizontal course.

Order 1614. Metal-Roofed and Metal-Clad Buildings.

The materials and equipment required by this rule for the protec-
tion of metal-roofed or metal-roofed and clad buildings, shall comply
with the requirements of Orders 1610 to 1613, inclusive.

A, Metal in Overlapping Seetions. Buildings which are roofed, or
roofed and clad, with metal in the form of sections insulated from one
another, or so applied that they are not in electric contact, shall be
treated in the same manner as are buildings composed of non-
conducting materialg.

B. Metal Continuous. When buildings are roofed or roofed-and-
clad, with all metal sheets made electrically continuous by means of
an interlocking or other contact, or by bonding, the following modifi-
cations may be made to the requirements of Orders 1611 to 1617,
inclusive,

Air terminals need be provided only on chimneys, ventilators, gables,
and other projections, such as ave likely to receive and be domaged by
a stroke of lightning. Projections that are likely to receive, but not be
damaged by a stroke of lightning need not be provided with air ter-
minals, but shall be securely bonded to the roof.

Roof conductors may be dispensed with, and elevation rods if used
connected to the roof by soldered joints, or securely bolted joints, hav-
ing an area of contact of not less than three square inches, If the roof
metal is in small sections connection shall be made to at least four of
the sections.

Down conductors shall be connected to the edges of roofs, or to the
lower edges of metal siding, by soldered or bolted joints having an
area of contact of at least three square inches, If the metal is in small
sections. connection shall be made to at least four of the sections.

Order 1615. Number of Down Conduetors,

A. Minimum. There shall be not less than two down conductors
on any type of buildings, and these shall be run so as to be as widely
separated as practicable. The following rules shall apply as to addi-
tional down conductors, '

B. Rectangular Structures. On rectangular structures having gable,
hip, or gambrel roofs, and exceeding 110 feet in length, theve shall be
at least one additional down conductor for each additional 50 feet of
length, or fraction thereof,

On rectangulay structures having French, flat, or sawtooth roofs,
and exceeding three hundred feet in perimeter, there shall he at least
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one additional down conductor for cach additional 100 feet of peri-
meter or fraction thereof.

C. Irregular-shaped Structures. On an ell or T-shaped structure
there shall be at least one additional down conductor; on an H—sha.ped
structure at least two additional down conductors; and on a wing-
built structure at least one additional down conductor for each wing.

On irregular-shaped structures the total number of down c.onduc-
tors shall in every case be sufficient to make the average distance
between them along the perimeter not greater than 100 feet.

D. Structures Buceeding 60 Feet in Height. On structures exceed-
ing 60 feet in height there shall be at least one adfiitional down con-
ductor for each additional 60 feet of height, or fraction thereof, except
that the application of this rule shall not cause down conductors to be
placed about the perimeter of a structure at intervals of less than
50 feet.

E. Metal-Roofed and Metal-Clad Buildings. The number of down
conductors and ground connections for metal-reofed and metfa.l-f:lad
buildings shall be determined in the same manne:r as for bmldlpgs
composed of non-conducting materials, i.e. according to the require-
ments of A, B, C, and D above.

F. Dead Ends. Additional down conductors shall be installed WhEI:E
necessary to avoid “dead ends,” or branch conductm-;:; ending at air
terminals, which exceed 16 feet in length, except that single do\\:rn comn-
ductors descending flagpoles, spirves, and similar eructurcs”whlch are
adjuncts of buildings shall not be regarded as “dead ends” but shall
be treated as air terminals.

Order 1616. Interconnection of Metallic Masses. .
A. Exterior Bodies of Metal, Metal situated wholly on the exterior
of buildings such as ornamental ridges, ventilators, roofs, valleys, gut-
ters, down spouts, structural ivon, etc., shall be qonnected to the con-
ductor at its upper or nearest end, and if of considerable lf:rlgth, shall
be grounded or electrically connected to the conductor at its lower or
faé;ﬁfl?ift:?gg;. Bodies of Metal, Metal situated wholly in the .intermr
of buildings which at any point comes within 6 f ee.t of a _li ghtning con-
duetor, or metal connected thereto, shall be electrically mterconnect_ed
with it and, if of considerable size or length, shall be grounded at its
lower or farther extremity within the building. .
C. Metal Bodies Projecting Through Sides smfl Roofs. Metal which
projects through roofs, or through sides of buildings abov.e the secfon:d
floor, shall be bonded to the nearest conductor a.t the pnmt.whE{e ;f;
emerges from the building and be grounded at its lower or extreme
ithin the building.
en%.w;ﬁéicm‘mectio*n agj-’ Metuls on or within Metal-Roofe.d and Metal-
Clad Buildings. All parts of metal roofs, or roofs and sides, shall be
¢ ed together.
Se%l.lﬁ‘:fyet?agﬁg god'gzs to be Independently Grounded. Metallic b{.)dif.es
having any dimension exceeding‘_ﬁve feet, and situated wholly within
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buildings, and which do not at any point come within six feet of a
lightning conductor or metal connected thereto shall be independently
grounded.

¥. Substitution for Regular Conductors. Extended metal parts of
buildings shall not be substituted for regular conductors, except where
they are permanently electrically continuous, and have a conducting
cross-sectional area at least double that of the lightning conductor
that would otherwise he used.

G. Size of Interconnecting and Bonding Wires. For bonding, inter-
connecting and independent grounding of metallic masses the condue-
tor used shall be at least the equivalent in strength and conducting
cross-sectional area of a No. 6 A. W. G. copper wire, except where full
size lightning conductor is required by Order 1613 D.

- Order 1617. Ground Connections,

A. Number. A ground connection shall be provided for cach down
conductor, preference being given to metal water pipes connected to an
extensive water system and other large underground metallie
structures.

B. Distribution. Ground connections (and down conductors) shall
be placed at as uniform intervals about a building as practicable, and
grouping of ground connections on one side of the building shall be
avoided.

C. Moisture. In making ground connections advantage should be
taken of all permanently moist places where practicable, although such
places should be avoided if wet with waste water which containg
chemical substances especially corrosive to the metal with which the
ground connection is made.

D. Permaneney. Ground connections shall in every case be thor-
oughly and permanently made, with due regard to the character of
the surrounding soil.

E. Water-Pipe Grounds. Where a water pipe enters a building at
least one down conductor shall be connected to it preferably at a point
immediately outside the foundation wall by means of a substantial
clamp to which the conductor ean he attached by bolts or solder. If
the water system is limited in extent it shall be grounded to two made
electrodes of the type described in Section 13-250, Any other limited
Underground metallic system is to he grounded with two made elee-
trodes.

F. Grounding Electrodes in Deep Soil. Where the soil is moist clay,
or other soil of similar character as to electrical resistivity, artificial
grounding electrodes may be made by extending the rod itself into the
ground a distance of not less than 10 feet. Where the soil is largely
sand, gravel, or stones, more extensive artificial grounding electrodes
shall be made by adding metal in the form of driven rods or pipes,
or strips, plates, or lengths of conductor buried in trenches as in “G”
following.

G. Grounding Electrodes in Shallow Soil. Where bed rock is near
the surface, ground connections may be made by digging trenches
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radially from the building and burying in them the lowest ends of the
down conductors or their equivalent in the form of metal strips or
wires, Where the soil is very dry or will not permit digging to a depth
of more than one foot in addition to the conductors laid radially, a
similar conductor shall be buried which encircles the structure to be
protected and conneets all of the down conductors together.

H. Trenches. Trenches shall be long enocugh to accommodate 12
feet of conductor when laid straight, but need not be more than three
feet in depth.

Order 1618. Radio Installations and Wires Entering Buildings.

A. Metal Radio Masts on Buildings. Metal radio masts on build-
ings shall be honded to the nearest lightning conductor.

B. Wooden Radioc Masts. Wooden radio masts which extend more
than six feet above the ridge or highest parts of the buildings on
which they are placed shall be treated in the same manner as flagpoles,

SECTION 162, MISCELLANEOUS STRUCTURES

Order 1620. Spires, Steeples, and Flag Poles.

A, General. The materials, equipment and ground connections re-
quired by the rules of this section for the protection of spires, steeples,
and flag poles, shall comply with the requirements of Section 161.

B. Air Terminals. A single air terminal may he used, which elevates
the tip a distance of not less than ten inches above the uppermost
point of the structure.

C. Down. Conductors. A single down conductor may be used, which,
if the structure is isolated, shall be extended directly to a ground con-
nection. If the structure is an adjunct of a building and near or touch-
ing the perimeter, the down conductor shall be extended directly to a
ground connection, but shall also be connected to the lightning con-
ductor system on the building. If it is set well within the perimeter
the descending conductor shall be connected to the nearest roof con-
ductor.

D. Interconnection of Metals. Bells, clocks, structural iron, and
other metallic masses shall be connected to the down conductor. 1f the
length of a metallic body is comparable to the height of the structure,
connection shall be made at the upper and lower extremities; other-

wise connection may be made at the nearest point.

E. Grounding of Metallic Spires und Flagpoles. Spires and flag
poles composed entirely of or covered entirely with metal and resting
on foundations of non-conducting material with the top so constructed
ag to receive a stroke of lightning without appreciable damage, need
not be provided with air terminals or down conductors, but shall be
grounded or connected to the nearest lightning conduetor, or both,
according as the structure is isolated, set within the perimeter of a
building or near it, respectively.
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Order 1621, Water Towers, Silos, and Similar Structures,
J.&. GGeneral, The materials, equipment and ground connections re-
quived by the rules of this section for the protection of water towers,

silos, and similar structures shall- compl i i
ilos, E E ¥ with the re :
gt 5 P e requirements of

. B. Adr Terminals. The number and location of air terminals shall
in general comply with the requirements of Order 1613, except that on
sﬂas.and other towers having roofs ending in a peak a single air
terminal may be regarded as sufficient,

C. Conductors, Where more than one air terminal is used they
shall be connected together by a conductor which forms a closed loop
about the structure near the top, or passes over it, as the contour of
the 1‘001:: may require. From this, or from the single air terminal if
but one is used, at least two down conductors shall be extended directly
to ‘grf)und connections on opposite sides, if the structure is isolated
If it is an adjunct of a building, near or touching the perimeter one;
dmf.'n conductor shall be extended directly to a ground conne::tion
while the.nther may be connected to the lightning conduetor system
on the building. If it ig get well within the perimeter both down con-
dut.::to.rs may be connected to the lightning conductor system on 'the
building. If the height of the structure exceeds 100 feet the down con-
ductors should be cross-connected midway hetween top and bottom.

.D' Interconnection of Metals. All metallic bodies of considerable
size or extent, whether exterior or interior, shall be connected to th
down conductors. If their length is comparable to the height of th&'E
structu.re, they shall be connected to the down conductors at both d t
otherwise connection may be made at the nearest point R

E. Grounding r;f. Metal Towers and Water Tanks. Towers and
tanllm cor‘n;?osed entirely of or covered entirely with metal and resting
on foundations of non-condueting material, with the uppermost portion
80 constructed as to receive a stroke of lightning without appreciable

damage, shall be grounded b
: : ¥ means of two eart "min: -
site sides of the structuve. i ot o

SECTION 163. BUILDINGS CON’ "AINING BALED FLAMMABLE
; MATERIALS
Order 1630, Methods and Materials.

. ;I‘}“le matt_erials, 'equipment and ground connections required by the
rules of this section shall comply with the requirements of Sections

161 and 162,
Order 1631. Metal-Roofed and Metal-Clad- Buildings.

Metal-roofed .?md metal-clad buildings shall be treated in the same
manner as required in Section 161, Order 1614,
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Order 1632, Buildings of Non-Conducting Matena.Ls. i

The effect of an electrostatic shield may be obtained tlly C(-)njnlll;ng ;
on or above the roof a network of wires or cabl‘es an -gmtal_roofe(l
about the perimeter at the same intervals as required for me

buildings.
SECTION 164. SMOKESTACKS AND CHIMNEYS

Order 1640, Metal Smokestacks. o
Metal smokestacks shall be properly grounded. If th‘e (lzonstl zttig:
of the foundation is not such as to provide ample glzctr‘lca:l (io:: e
i i 11 be provided similar
th the earth, ground connections sha e o :
:-‘;lquireg for st’acks made of materials other than metal as provided in
Order 1641 G. . ‘
Metal guy wires and cables shall be grounded at their lower ends.

Order1641. Brick, Hollow Tile, and Concrete Stacks. -
Where stacks of brick, hollow tile, concrete, or other }naterlal ll.;.l lf.le
to damage by lightning are to be protected the following rules sha
apply. ‘ N
A, Conductors. Conductors shall be of copper of the gladfz reggn(ﬁ
for commercial electrical work, generally designated as having P
cent conductivity when annealed.
The weight of the conductor shall be not less than 8756 pounds per

housand feet. ‘
R The size of any wire in a cable shall be not less than No. 15

A. W. G. (0.057 inch). ;
The éhickness of any tube wall shall be not less than No. 15

. W. G. (0.057 inch).
= V";'.‘he tfﬁckness of any web or ribbon shall be not less than No, 12
A. W. G. (0.080 inch), . -
B. Fasteners. Fasteners shall be of copper or co.ppelf allo;r Sf:t
stantially as resistant to corrosion as the conductor itsel . a; En 1;1;
be strongly constructed. Each fastener must have a sufficiently tig
grip to support its corresponding length of cond’uctor. e
Fasteners shall be spaced close enough to give ample suppo
the conductor, generally not over four feet apart. 5
C. Air Terminals. Air terminals shall be strongly constmf:fte {l)‘
the same grade of material as the conductor'and shall be uni 01;1771 ¥
distributed about the rim of the stack at intervals mot exceeding
eight feet. ™
i i t less than 30 inches.
height above the rim shall be no .
$E2y :hill be secured to the top of the stack by ;nea;s of ’I?;cé)z:;r
f substantial construetion. :
sion bolts or fan shank fasteners o : Wger
i i together by meansg of a
g 1s shall be electrically connected
2?;1‘!"1:: band which forms a closed loop about t}vo feet’ belowhth(ladtzg
of %he chimney. If there is a metal crown the air terminals shou

connected thereto.
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D. Down Conductors. At least two down conductors shall be pro-
vided on opposite sides of the stack, leading from the ring or crown
at the top to the ground.

On stacks exceeding 160 feet in height the down conductor shall
be cross-connected approximately midway between top and bottom.
Where a metal ladder is continuous from the rim to the ground, and
the vertical members have a combined cross-section not less than twice
that specified in Order 1610 B, 3, such members may be utilized as
down conductors,

E. Lead Covering. In order to prevent corrosion by gases, air ter-
minals, conductors, and fasteners within 25 feet of the top of the stack
should have a continuous covering of lead at least one sixteenth inch
thick,

F. Joints. Joints in conductors must be as few as practicable and
of such construetion as to show by laboratory tests a strength in ten-
sion of at least 50 ber cent of that of the conductor.

G. Ground Conneetions. Ground connections may be made in the
manner prescribed for buildings in Order 1617,

H. Protection Against Mechanical Injury. Down conductors near
the ground shall be protected against mechanical injury by means of
wood molding or othey non-magnetic material,

If metal tubing is used for protective purposes the down conductor
shall be electrically connected to it at its upper end.

1. Metal Linings, Where stacks have a meta) lining extending part

way up the lining shall be connected to the vod at its upper end and
grounded at the bottom,

SECTION 165, LIVESTOCK IN FIELDS

The information on this subjeet is limited, but the best obtainable
has been made use of in formulating the following rules. On account
of the nature of the exposure it is not possible, of course, to eliminate
the hazard entirely, but it is believed that if these rules are applied
it can be much reduced,

The loss of livestock by lightning is caused in large measure by
herds drifting against ungrounded wire fences during thunderstorms
and receiving a sufficient discharge to kill them, either from accumu-

Fences built with metal posts set in earth are as safe from lightning
as it is possible to make them, especially if the electrical continuity is
broken as provided hereafter, Breaking the electrical continuity is

entire length of g fence, as it may if the stroke is direct and the fence
continuous, even though grounded.

Isolated trees in Dbastures where stock congregate seeking shade are
also a source of loss, In pastures where shade is available from wooded
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areas of considerable size, isolated trees should be remc:'\zed, h}lt (ghcflﬂl—
wise should be protected by suitable rodding as described in Orde
16562 below.

Order 1650. Grounding of Wire Fences. .

Where it appears desirable or necessary to mmgate the clz.i-nger flf 01?1
wire fences constructed with posts of nonconducting material the fol-
lowing rules shall apply. . . .

A. Iron Posts. Ground connections may be madt? by inserting .a
intervals galvanized-iron posts, such as are ordinarily use.d for ffa;ln:
fencing, and attaching in electrical contact all of the wires o 11;
fence. If the ground is normally dry the intervals between metal posts
shall not exceed 150 feet. If the ground is normally damp they may
be placed 300 feet apart. [

B. Iron Pipe. A less expensive ground connection tha?] A, may b(i
made by driving a length of one-half or three-quarter ?nch 1ntex:na
diameter galvanized iron pipe beside the f_ence and attaching the wl;esl
by ties of galvanized iron wire. The spacing shall be the same as for
the posts under A above. .

C. Depth of Grounds. Pipes or posts shall be extended into the
ground at least three feet.

Order 1651. Breaking Continuity of Fence. .

In addition to grounding the fence its electrica.l continl:uty sh&lxllt be
broken by inserting insulating material in breaks in the wires at inter-
valg of about 1000 feet. These insertions may ‘be in the form of fer_mle
panels of wood or lengths of insulating matm:ial to Fhe ends of Iwhlcl
the wires can be attached. Such lengths of mspla.tmg mateuaf n?zi
consist of strips of wood 2 x 2 x 24 inches, or their eqmvalentdas ar
insulating properties and mechanical strength are concerned.

Order 1652. Trees.

Where a tree is isolated and the vieinity is much fre_quenltﬁd by
livestock, the danger from lightning can be reduced by Ig.st:\ nl'Lgo?
single conductor extending from the top of the tree, to a distance
at least six feet into the ground.

Note: For protection of hangars, balloons, airships, R}_’ll[}S, tl;ceﬁtl ]a,l:}c:
siructures containing flammable liguids eEnd gla.st:-s: l‘c.fu.: un‘(-e £ mu d s
made to “Code for Prolection Against Lightning,” National Buresu
Standarvds TTandbook H-21,
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Availability of water pipes_______ SRR e LSS Ry L1
Avoldanee of eurrent flow over grounding eonductor__. ____ 18-2521

B
SRS . .

Balance coils_ . __________
BRI o e e S R 13-4454
4T L U Sec. 13-410
Bare conductors. .. - _..._.

Bare grounding conductors
Bare parts, separation of.____.___________
Barricrs, for
utiization-anupetento oo oo Lilaiaes 13-1102
Batteries, (see also storage batberies) ______ _ 8ee. 13-480
emergency lghting____________  ____ _____ 13=7011
for isolated plants.__________ A - 13-7209
BEEEAL . e _ 13-5086, 13-6406
Battery rooms__

T O e B0 S
-~ 13-4806

T L
L 13-4807
BRI e s i e e Sec. 13-725
Bonding machine frames_______ 5 -~ 18-4435, 134436, 13-4437
Bonding, wire size _____ 13-2577
Boothe-coclissssamases = 13-5433
Border lights, construction of . . = 13—?‘282
protection of . _________ Ty SR B e 13-5241
Boxes. .o e e s e o O LA
floor_.___ o -~ 13-4162
ingtallation___.__________ D R e—eeeo--- 13-8004, 13-3007, 13-3008,

13-3009, 13-3248, 13-3370,
13-3408, 13-35654, Sec. 18-370,
13-6218
SRS R e el 1 e (1)
Zee-_-_-_- 13-3248, 13-3369, 13-3370,
13-3408, 18-3710, 13-3703

length of free conduetors. _
nomrnebalibe. o oo an e s

number of eonduetorsin. ... _____________ 13-3709

Braces for elevation rods
Branchelreaites - oo o oo __ ceue--(Def.) 1020, Sec. 13-210

appliance_ __ _ e e e e Sec. 13-210, 13-4242

division of load - 13-2116
ol e bR e e R TEATDY

BLECTRICAL CODE—INDEX 355

Order No,
lamps in series _____ S P ~- 13-4237
less than 50 ol R cemeaa 13-T204
location of protection - 9 : --- 13-2872, 13-2373
L e ST 13—4.‘541'

multi-wire_
D e 1!
Branch conduetor_.__________ . 1603

Building.____________ s L - e—-(Del.) 1020
clearance of conductors from_._______ == 13-7324

Uehbut prataotion o, ... ... ooremrea it to 1653
Bulk storage plants e . | A 1. |
Bur.glur alarms_____ == - ——escco--- Bee. 13-725, 13-800
Buried grounds_____ s SR |
Burns, protection from._____._ B . 13-2441
B # e _‘
LR T S S 13—328,13—3232,13—3746,
N 13-3843, 1393842
armcmdeuble______...,________.,________.. = 13-3347
#b entrance of building_____ i 13-2885
auxiliary gutter________ e 13-8749
baclk of switchboards________ iy 1858009
conduit______ e e e e e e e o - P TARR
flexible cord____ = -eme--- 13-8711, 134148, 1393708
generators : mmeee . 183-94451 -
insulated____ : . e E e ----- 13-3009, 13-3010, 13-3468,
3-8736
lampholders_____ S e = 1311143%
metors o o ____ 13-94301

outlet boxes_____

Bu\v‘::mg ______ - T = --- 13-3209, 13-3246
o SR ERN R T mmmmssreseeeeoan..- Boc. 18-364, 18-2116
o C
Cabinets and cutout boxes_____ mmemmeme—e oo ___. (Del.) 1020
and cutout boxes.__________ Smsm—femscoioooo.... Beg, 13-973
construction______ e e N e e e R 13:~;}EI‘?31
gr&:utendmg -] e Eaat st 13-2633, 13-2542
.gutalll‘s_:___.___ T ... 13-3788, 13-93732
installationof _..___________ ==m=-------. 13-2438, Sec. 19-373
Cable vault_____ P e S --(Del.) 1020
Cables (see also conductors) R —=eee--{Del) 1020, 1603
armored.______ s —— 13-3004, 13-3005, 13-3010,
13-30186, See. 13-31
congtroetion_. . ________ S 13—933211 RCHET

o (L R e ey

e T TToeee---oo- 13-6204, 18-6231, 13-6232,
— 13-6233
oxible. ... _ T e e e e oo B0 corde, flaxilile

------- Sec. 13-836, 15-93361
e See. 18-840

non-metallie waterproof

(}Tga]'l____._______ - e
...... R | |
outside..________ =o e IS:'?;g;
serviee___.___ e R SE ------- 13-2325, 13-2331, 13- 2332,
18- . 13- —TH!
switch loopsof .________ e — SRR 13—20;:36' Sl

Cunopies, fixtures. ____
Capacitors___________

Temmmo—eeooeeoooo 184121, 13-94101
e s e e R 13-460, 13-5012, 13-5052,
13-5072, 13-94601

4 S T --—-- See. 13110

(aarry;ng capacity, conductors.______ ---- --- 13-24083, 13-3106, Tables 1, 2 & 3
eor ﬂ_.._____.__.____.___ N e e e e e e y ; :
demand for feeders and risers e v _;___ T;—;lgﬂi 13-4316
motor eireuits, conductors of . _ pa S - 13-4311’ :

Wires_
e e e e e ~=-—-u-~ Table 2 &8
neutral feeders e A 1;—;;:;3&5
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Order No.
Cellular metal floor recewaysS._ . _ oo See. 13-356, 13945661
Character of sonstruction, maintenance, ete. - ___ _____ 1010
Charging cables in garages_ . ________________ e o= 13-B10Y
Checking grounds ____________________________________ - 13-2584
Chimneys, lightning protection for__________ _____ _____ Sec. 164
T e SR e Ty .- 13-2823 ]
G heRers - e o o (Del.) 1020 LS
mstallation. .- . . ioiecimieicceoiisamcsamu----- 18-2851, 18-2880, 13-2403,
13-2405, 13-2481, 13-3803,
13-3811, 184327, 13-4847,
13-7186, Tuble 28
£ T e ey e T e e s ce--—.— 13-2403 1
Circuits (See also conduetors) . oo cve oo ccceee e (Def.) 1020
fuging of ________ N £ = 1 1
Lol iafyis Tog | N 5 T . . b | =1
R e e o i s W 13-7161
high frequeney_ - oo e eee e~ Sec. 13-660
RO PR - — o s m s oo e e See, 13-T20
mobor.— .o oo See. 13-430
protection of ___ ___ See. 18-230
series light_ _ _ 13-7104
switches on___ Sec. 18-380 {
vacuum and inert gastube____ . ... Sec. 13-600
e I R B e R O - B
Class 1 and 2 signal systems. .. . ... o .. _....- See 13-725
Class 1, IT and 111, hazardons locations. _________________ See. 13-500
Clearances 4
BUBHBA, e o i st e s e ---.- 13-8133, 13-8123 )
heek nlawtaRboRFaEL - coovass iorsanous s ey 13-88565
enndartors. oo csa ey e i s - 192022, 18-2387, 18-8205,
13-8210, 13-3211, 13-3245,
13-8246, 13-3283, 13-8191,
13-7323
Wleamibors siisssassocmiusisnes S st 13-6262
LT L o o S TRy oo=o.= 18-2322
wet locations_ __ . _ e A 13-3464, 13-3484, 133732
working spaces. . .o oo e 181112 |
Cleats________ i s e e L R R a—— 13-3204 '
Climbing space onpoles. ... .. ... ___(Def.) 1020, 13-7322
Code
history of. - oo e .. rom— .. |
ol otherenm o ne e oo o o noce o e PR 38 3
municipal_______ = = ee----= Page 8
reference to olher__ T e e e o 1 |
fequitementy s s aas s al un P Ry e R Page 8§
Color cade, branch eirewits. ... ___ e A L
Combination raceways___ .- -oo-o— - __________... - 13-3526 ) |
Committee, advisory . _______._ e g e ce-ew Page T |
Commonneuteal ... _____________ A —————— 18-2204, 18-7312
DI B oo o = s s S _(Def.) 1020
Communicationsystems_ ... ... ______.___________._. Sge. 18-800
Communication apparatus, grounding . _____ o --- 18-3031
Communication eonduetors. ... .. ... copsioman TG-BOEL
climbing space_____..__. 13-7335, 13-5031
Communication ines _________ ___. . S (Def.) 1020
elimbingspaes. .. - . -.- 18-THIE |
Comperigatorcoild . -z cocismosiosoisosisas .- 13-4214 !
Compliancs with or@em: . oo o o ooiio s 1013 ]
Compliance with building code______ e A .- 13-5433
CIOTORBIR v v s o e e ——-(Tel.) 1020
T T T A AL o N S | S s - )1 Sec. 13-324
Condensers (See capacitors)
Conductance of individual grounding conduetor_______ . 13-25561
I

ELECTRICAL CODE—INDEX 357
Order No.
Conductor conflied_______ O i I S (Def.) 1020
(zﬂndul{tom_________.. P - oo -(Del.} 1020, 13-93001, 1603
aluminum.__ ... _______ cmmm e oo - 181109, 13-3106, Tables 1 & 2
antenna_____ . _________ e e i cece---- Sec. 13-810
armored eabfe_ - . . . emmm—eme— .- Bee. 13-334, 1393341
armored eord. ... ___ T A .. Table 81
asbestos covered________ SEmeraT o O N 13-8005, 13-93101
aghestos-varnished-cambrie. _____ ___ = 13-3102, 13-93101
attached to buildings. _________ Y= | 1= 1 | l

bare (See uninsulated)
carrying capacities_ - ___
colorcode. . _________

communieation. . .. . ___ B —
GOPPe . e e

COrrosive Tocations. ..o wuace oo o oo —e-.- 13-3102
L1310 e e I [ ..
deleriorating ageneies__________ ___ _ 13-1110, Tahble 1, Note 10

different systema____ ________
dimensions of ooz a2 oo
elevator

i E AL ¢ R

fexible cord . . _______ ___
form and size, lightning rod______

TR st i e s o
[ s T N

grounded, fusein. ...._. _____ e e 2 [

grounding, installation of __

PRI s s e e e ceme-———- 13-2591 to 182599
Eranling .- st s R . 13-1102, 13-2387
identification. .. _.____ S — __ 13-23101

in elevator holstways. ... AP, |11 .

i‘n multiple____.________ S e S 13-3018, 15-3105
Loy 0 T LR ae - 18-7285
insbadlabion. .. S s B0 10300
BRI o re s aame e o o cmmmemam—esue- 138102, 18-93101
jointeon lightoing_ - ... ... ____ . _________ 1810C

lateral .. .o R R R S T s LT (Def.) 1020

fend eowerad- oo e e e -~ 13-23083, 13-2818, 13-3102,

T D R e e S e W - Bec. 18-810

lightning protection. . _______.__________________ R L

markingsand tags_ ... _____ _________ _ _____ 13-93101

m?ll,‘erinl__: __________ e e amm ek s s 1E=1108; TRIGA

gt S T ~.. 18-3103, 13-40086, 13-4142

motors.____ A — weono. 13-4311, 18-6653

neubral _ _ S R e 13-2204, 13-2205, 13-2802,
Tables 1 & 2

non-metallic sheuthed eable______________ _________ _ 13-93381

1 T S e I cmmmeme—ee e e See. 13-780

Db e e N S 13-2303, 13-3102, 18-94101

polarity identifieation._____________ R P See. 13-200, 18-4151,
13-5104, 18-93101, 183-84002

proection’of. ... ____ L T -~ 13-1102, 13-3209

in damp locations___________ cemmmo--o-- 133211, 13-3215, 13-8464,

133484

in hazardous locations_ __________

against induetance_ _
against mechanical injury  _

sl R e )

L - 13-2408, 13-3106, Tables 1 & 2
-.- 13-2112, 13-03846

s . .. 13-8012

SRR Table 18

S e A et - 18-3011, 13-7266 |
Tables 13 to 18
-- 13-6204, 13-6211, Tahle 31
- 1610D
3 . 13-4142
i : ---- Sue. 18-400, Table 31
-- 1610
- 13-1108, Table 18
-- 13-2001, 13-2308, 13-2851,
13-2871, 18-2409, 13-2557,
13-3801, 13-24002

—cectetem . 1B-2592

18-6021, 13-6031, 13-7115,
13-93101, Tables 5 & 16

e b T

e B SRR 13 L1 1

e e S e ---.-- 13-1102, 13-3209, 188212,
13-3246

swm i Ll e e o B TR0 ED)
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Order No.

POMILIOG oo o st e s s s 183-3005, Tables 11 & 12

yahberpoveead. oo oo T T T 13-3102, 13-93101, Tables 13-17

R e Y S Sec. 18-230

T b T -~ Sec. 18-725 and 13-800

size, forgrounding_.____________ . __ 13-2583, 18-2594, 18-2635,
13-2596, 13-2597

slow-burning_.._______________ 13-3102, 13-93101

slow-burning weatherproof __________ e Tp e 13-3102, 13-83101 X

il R T ] -- 18-2305, 13-1118, 13-3646,
13~8565, 13-3625, 13-3748,
13-4004, 13-4186, 13-7348

obrmnmed oo oo e SR 18-3104, Table 18

supported by roofs_______ ¥

synthetic insulation_________________ - 13-93101

temperature limitations______ B . P e i 13-3102, 13-4122, 13-93101,
Tables 1 & 2, Notes 6 & 7

thermoplastie_________ L ——— 13-3102

type letters 13-8102, 13-93101

tingelcord .. ___._______ 13-4006, Table 81

underground 13-2308, 18-2811, 18-255s,
13-8102, 13-8031

uninsulated. .. - ccoccdon mem-—m-seao..- 13-2308, 18-2591, Sec. 13-328,
13-3382, 18-3408, 18-6113,
Tables 1, 2 and 18

mme-pl Hexiblereorde. oo oo - See. 13-400, 13-5104, 13-5105

varnished cambric-covered 13-3002, 13-93101

weatherproof - __________ 13-3002, 18-98101

Conduit (See also Duects) __ ) 1020

construction___________ 13-93461

corrosive vapors__ .. 13--8462, 13-4807

dimension of________ Table 19

i1t 13-2382, Sec. 13-350

13-2591, 13-2592, 13-2594

13-2532, 13-2533

13-2542, 13-2543, 13-2544,
13-2545

18-5025, 13-5054, 18-5073

Sec. 13-351

13-3007, 18-8008, 13-3009,
Sec. 13-370

oubelde - o oL 13-2338, 13-7341
required alzes. - Tables 4, 5, 9, 11, 12
service entranee_________________ 13-2881, 13-2332, 18-2337,

13-2338, 13-2339
13-1102, See. 13-346
Sec. 13-346
1020
13-8102

———-(Def.)
Connection of radio equipment to power supply._____.
Gonneckort. counrearan o

13-2614

Constant-current cireuits, (see also series civeuita) . ______ 13-7T104
Construetion of,

boxes for conduwit_______________ Sec. 13-870

lines and equipment____._________ -- 1010

rheostats, resistances, ete. See. 13-470
Construetion specifications.___________________ Chapter 9
Control apparatus_________ 13-4381 to 18-4890

apparatus in garages___ See. 13-510

cireuit, protection for._..____ = 13-4371 to 13-4374

eircuits over 600 volts__._______________ 13-4421 to 18-4425

BN - e e e o o 13-4381 to 13-4890
Control of,

cars, eranes, and elevators__.__________ 13-2543, 13-61381 to 13-6136,

18-6241 to 13-6243

See. 13-100, 13-1117, 13-2358,

-

S

ELRCTRICAL CODE—INDEX 359
Order No.
remote-__-_______ o ___ e memeao—cown 18-48T1 to 13-4374
rotating machines_____ R B 134381 to 13-4390
Controllers._______ mmmeeecmcicesmmmmna e (Dafi) 1020
ecranesand hoists.__________ ___ -- 13-6181 to 13-6136, 13-6143
T T R SRS e Sec. 13-430, 13-4381, 13-94302
Copper-clad steel (Def.) 1603
Cords, flexible__________ o smeme s ice e oo Sens 18-400, 18-94001, Table 31
appliswed. _____________ ... . demmsdeeeaa JB-408]
carrying capacity . _._.__________ - = -~ Table 3
construetion_______ e wemsmmmiaoce______ 13-94001, Table 31
heater____.__ T 13-4231
identifieation.__.____.______ -~ 13-2006, 13-94002
minimum size_________ STl mmmmeeesceemea . 18-2408, 13-4006
splices prohibited___ __ T U | 10 [ |\ ).
supply electric cranes _______ e S T
supplying fixtures. _____ ey e e 13-4125
o R I S - ee———-- 13-4006, 13-4008, 13-94002
Corrosion______ A —— —_— e cnpr g e RO
Carrosion, protection against__ - S —cameaa-s 13-8008
Corrosive vapors._____________ mes——eeioiciaieo-.-.. 1B3-3008, 13-8102, 13-3281,

13-3402, 13-3462, 13-8483,
13-85622, 183642, 13-3622,
13-8642, 134111, Sec. 13-480

Covers for, enclosed control equipment ___ cmoe-—- 13-8803
vepeiteee— o o R y——— -—- 13-1102
Cranes and hoists.____________ e u— -~ Bec. 13-810

common return____________ . -~ 18-61156

contact eonductors_ _ ampam . --- 13-6121

controllers_______ _______ ___ e R S --- 13-6131

grounding____________ Semm e eielsicaoa-o- 13-2516, 18-2548, 13-2544,
13-6144

hazardous locations____________________
installation of wirea_______ _ e
overcurrent proteetion____ . _ . _____

---- 13-5083
-- 13-6113
-- 18-6141, 13-6142

R e e S 13-6181, 13-6132, 13-6133,
13-6134
track as civevit eonduetor___________ 13-6121
s L —ememmmem e 186111, 18-6112
Creepage distanee___________ 13-8143
Current-carrying parts___ ___________ ——--(Del.) 1020
isolation, guarding and ERding. . 13-0001, 18-1102, 13-1113

Current transformers, grounding
Cutout, bases (Fuseholders) ________

.- 13-2621, 13-2622
________ -~ 13-2452, 13-2453, 13-2461,

13-2471
T Ty (Def) 1020
boxes (See Cabinets and cutout boxes)
for cranesand hoists_._________________ ---- 13-6141, 13-6142
D
Damp or wet loeations_________ Sec. 13-100, 18-2487, 13 ~-3102,

18-8205, 13-8211, 13-3215,

13-8342, 13-3362, Sec. 13-340,

13-3422, 13-3464, 13-8484,
18-3r22, 13-3622, 13-3642,
18-3706, 13-8732, 13-3804,
13-8862, 13-3883, 13-4111,
13-4158, 13-4163, 13-41686,

13-7341
Dangerous eonditions (See hazurdous locations)
L e A2 (Def.) 1020
Decorative lighting systems_ _ _ -- 18-7321, Sec. 13-600
Definitions_._._._________________ -- 1020, Sec. 16()
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Order No.
Bemmpd et e o o (Def.) 1020, 13-2208, Sec. 13-100,

; 134316, Tahle 29
Derived systems or civeults from autotransformers 13-2003
Deterlorating agencies, protection against 13 -1110, Tables 1 & 2, Note 10,
1612

Deviee, ____ S — p— (Del.) 1020
Dingrams..______ _____ " e GREDERE )

Different systems, wiresof___ . _____ .. 13-3011, 13-8526, 13-6217,
13-6405, Sec. 13-800
e e 13-5225, 13-5293
Disconnecting means
EafRelbor e o e T cmmenmamean B-SROT
L e 13-4241
maotor_ _ o e S e o e e e St o TENT
must be indieating.. . ____  ______  _ ____ _ _ 13-2855, 13-4405
over-current devices.______  ____ _ ____ _ _ ___ 13-2440

[ Tg S 13-2351, 13-2388

L1 o SR A i - 13-6002, 13-6003
Disconneeting switeh ______ e i e ~(Del.) 1020
Sconneetoiealtieeg. . o o 13-2440
Digeenvietbonns o o - . s ___(Def.) 1020

aeeessibility . .. __ GO g e cieemmmeo- . --- 13-8808, 13-4409

capEmby ol o Lo oo ScecusElodnminrila_ oo  TRERA0T, TR-4408

enclosure_ ... ______ i e e 2 e A

for lightning arrester_ PR - 132825

locking of ._______ = - e 134409

operating underload___ . . ____ _ cee-- 184402

i 5] S e 18-4402
Distribution of ground connections______ S SR 1617B
Distribution systems, grounding of .. _____ ~--- 13-2511 to 18-2514
Down'eonduetors. oo—ooooooo o= (Def.) 1608

metal clad buildinga_ ... ____ _________ e 16168

shape._._________ s S Fiamaras cee-- 1816B & C

struetures over 60 [t. high._____ SR S s RSl o 101
Drbssing:roome: - 2o __.__ . oo e mmmm——-- 18-5261, 18-5262
it B 7] B e mmm - - - 13-2835, 13-2887, 18-38215,

13-7327, 13-8021

Driven-pipe ground . __ ____________ R s a - 13-2588, 18-8041
Dry eleaning establishment : 13-5004
Dueta . oo 1020
Dustproof.________ __  ____ 1020
Dust tight_ _____ R 1020
1 " f.) 1020

Earth, resistance betwein grounded part and ceiemewee 13-2684
Earthing (See grounding)

Eddy current, preeautions against_________ 133018
Eflectively grounded _________ £ 1020
Effectiveness of ground connestion : 13.-2651
Electrical appliances_ ___________ e e . i # S s P LR
Eleetrieal discharge fixtwres_ . | - 13-4181, 13-4191
Electrieally heated applisnces. ________ e - See, 18422
T R Rt F N e A5-4281 A

ectrieal metallic tnhing cmmmmee oo _{Def.) 1020, Sec. 13-348, 13-6208,
o Tables 4 to 11, 18-93481
Eleetrieal supply equipment. i e s o (Def.) 1020
Eleelrical supply lines______ s e S _(EDIFf-) :ﬂ:{)

Electrical supply stations. . ______ cemezee— o Del) 1020
Electriesign_______ _ _ e _-ATref) 1020, See. 18-800
Hlostralmiel - oo o s e e e i - Sec. 13-480
o T S (Def.) 1603

attachment of points_____ . _______ i e e e 1611A

BLECTRICAL CODE—INDEX

Order No.
LT S e 1R110
size and form__ ___  _ -

Tlevators
cables. ______
conductors, installation
control.______

in garages. __ ___ _ = -
e e e -—--- 13-6203
overcurrent protection__ . _ P &

switehes__.__________ T T .. 13-6241
bravplitgecables. .. .. O 13-6231

wires and eables

____________ e -o--- 13-6204, 13-6205, 13-6200
Emergeneies, waiver of rules in__ . . {1 1. 7.1
Emergency lights._______ i See, 13-70)
1 —m-- 13-7081
currantsupply. .. ___ ... .. . . - ---- 13-7011
derangement signals_____ SeAio - 13-7012
independent of other lighting____ se-w 18-7022

overcurrent protection —eo- 13-TO41

signals, derangement________ -- 13-To12

systems under 50 volta___ - 183-7002

1 oo 18-TO04

i 1 S T PO 13-5202
Enclosed

--(Detf.) 1020

Enclosed fuses, dimensions of..._______________ Table 34

eonstruelion o oo oo o o oo = wmmwo 13-24051, 18-2461, 14-82401
Enclosing, sreing parts._____ e e it AT R TR A 13-1114

vt P S 13-11183, 18-5111, 19-5222,

18-5284, 13-5286, 13-5293,
13-5313, 13-6203

Enclosure, for control equipment_.. 13-4432
guarding by, arcing and heating parts _ ——-aa 132441
e, S S 18-1102
L R S 13-1113
o L 13-4432
of awitehes___ --- 13-3803
el DU S S 13-4807
Enelosures, see cabinets and cutout boxes; see also boxes,
outlet
Enforcement_ ___.____ Page 12
Entrance bushing, (radio) _______ APPSR [ - . 1
BEquipment_________ e e e A S i .-(Def.) 1020
accessible to qualified persons only. oo == 13-0001
accessible to other than qualified persons. _ --- 13-0001
T -~ 18-2541 to 13-2515

guarding (see Guarding)
identification of (see Identification)
inspectionof ... ... _______ - 1012

of less than 600 volts____ -- 13-0001A

of more then 600 volts ____________ " 13-0001B, Sec. 13-710
ER00 e e Chapter 10
Existing installations. __________ Gosvse TIER
L e . —--- 18-7008
Explosion proof____________ -mmesmmmooooo (Defl} 1020, 18-6001
b I———— ----{Def.) 1020

Extension, application of rules to

_____________________ 10138
Exterior bodles of metal___________ cee—--- 1B16A
Externally operable..__._____ e T e (Def.) 1020
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INDIEX

Order No.
-- Sec. 13-b60
__(Def.) 1603

...................................... _(Def.) 1020, Sec. 13—-220, 132408,
Tahle 29
T L TR S e a1 13-2208, 134242
demand factor. - oo LI 13-2203, 18-4316
T ae T e e et Tewl TR .- 13-4314, 134315, 13-4316
overeurrent protection_ ... ___ R | . -
protection .. .-~ - = 182434
protection of supply . D—— o 18-2408
UL T ) ¢ T e P S .. 13-2202, 13-4812

Fence, breaking continuity of_____________________._____ 1651

Festoon lighting .. . o e - .- 18-5253, 13-7321
Field rheostats .- oo e~ Bec. 13-470
Filim vatdte, Hghtein. oo o oc oo e e 18-080T
Fire-alarm SYStemE <o iasracsnimsasssaioasiabasansmnas 19~ 1204

Fire pump, separate service_ s S 13-2321, 13-56602
Fished wires. R R e e - 13-3244
Fittinga: - - cnrmcncaa=a-s = S —— {Def.; 1020
AEEEN R s e e e 1011
construetion. - - ccam e TN .- 13-93701
T | o) o R B PRS- L [ 41
putlek .o iascusessRs s Ts Tl e LRE et a e - 13-3008
plan: of fnwestigation oo oo oo Lol L 18-1115
Fixtures, lighting____ SR - .-. Soc. 18-410
clothes closets. o oo oeoee o T Lo --- 183-4115
combustible material . _________ . _ . ______ .. 18-4124
conductors. - - ccm--m - R it o R e e - 13-4142

TS Ty Ny 1| (O .,
construetion__ .-~ oo 18-4171, 13-D4100, 13-94105,
13-94106

damp locations_ .o _«_._._ ST S ak - 18-4111

electric diseharge e caccon coane i e _. 13-4181, 13-4191

fixtures a8 racewWays. - .- 13-4150

flugh and recessed. e e e S ___ 13-4176, 13-94105
grounding S e R S B e ---= 13-2542, 183-4211

hay mow___ R I S W e e e g Ll

lampholders_ .- Setasselsiiies sicaseilssaciusass HB-A156 1o 134158
Hveparts - e - 13-4103, 13-4183, 13-4202
P T 1 TSP £ L 13 |

overeurrent protection . __________ ___ cee---- 18-2403

POIALEERIEONS = cnsm s e e ioemmm e 14151

receptacles_ - .- —- ; - -. 18-4161, 13-4162, 13-4163
rosettes. .- ccau- S -. 13-4165, 13-4166

show windows_ TR YR _- 13-4114

studs ____ e s 104101

13-4131

supports__... - S e e i
temperature Hmitation____.__. et 18-4122, 13-4177
witlng Ofuceemmaccooccocaoaa S S . b b S B
Flag poles, lightning protection of _________ et 1620
Flammable gus and flyings.._________________._ Sesie Sec. 18600

Flashers, sign - —o-ooo—— - cemceeeeemeee e e e e o= -— 13-3805, 13-6004, 13-6008
Flat iron, automatie. ... ____._. 13-4243

gtand for_ - ... B 13-4235

Flexible eonduit_ oo o - e ceseecam e (Def.) 1020, 13-2382, See. 13-850,
Tables 4 to 11

Tlexible conduit, Houid-tight ... See. 18-851
Flexible cords, (see cords, flexible)
Flexible tubing; use of - oo oo e cmi i e 13-3206, 15-3244, 13-3245
Flaalvawitehes oo occiooionssanc s eeam-——= 13-8809
FOOUIERAE o - - v il i il e S e 13-5242, 13-5281

BELECTRICAL CODE—INDEX

. Order No.
Foreign currents, protection against . _______ de_wa--__ 18-B011, 18-8021
Formal Public Service Commission order __ _____ e Pages 6 & 6

Forms of affidavita.____.______

Fumes (see also deteriorating agencies)_ __ _

--- Pages 9 & 10
- 13-3008, 13-8215, 13-3402,

. ) 13-8483
Furnaces, electric, grounding________ ---- 13-2515
Furnace rooms, electrie, transformers in________ mme—--o--- 13-4523
L LT S P P ——" R Sec. 13-240

cartridge enclosed _
disconnection of ... s
Bnglogure. oo e
for communieation apparatus_
handling of . ..oc— oo oo
in grounded conductors_ _____
inmuleiple . ... . ___ ...
link fusess.. . _______ ____.
loemtion ol oo mss
on panel board__.___________

over 600 volts_ __
1110
rathiol e

single pole.......
tamper-resistant_ ___________
time delay type.______ . _.

Fuses and cireuil-breakers, accessibility_

enclosures for ... ... __.___
guarding, against arcing of . __

live parts of . _____ . _
identification of , _______
in grounded conductors_
in grounding conductors___ __
in hagardous locations. ______
installgbionof oo - ..
P T R s

where required.__..._.___.

Gages (gauges), wire___________________

T e o ... .. 13-2461, 13-92401, Table 84

s=eseozzaza 18-2440
—miEas=ce—- 18-2488
______ 13-8011

_ 13-2411, 13-93808
- 13-2471, 13-92405
- 13-2434, 18-2437

mmmmememeeemeesoooo ... 13-8842, 13-3881, 13-8882,

13-93844

S --- 13-3842

mmmemmmamocoa-n. 13-2389, 18-4424, 13-7148
memiemeemamo-—on- 18-2451, 13-2453

= = 13-2408

—en-a-.- 13-2409

-- 13-2452, 13-2453

-- 13-24038

PR | .17 ||
_______ S | T
e 13-2441
e e —--- 13-2438
e e e S 13-2458, 13-2461, 13-2481

o P P 1 11 )
—-—_ 13-2599
memmme—aa Sec. 13-500
S L 1

s emmmmmmmeee o=~ 182451, 18-24583, 13-2461,

13-2481
cmmmmmmmenmeeo--- 15-2408, 18-2405, 13-2484

_—(Def.) 1020, 18-1108

Galvanie action_____ ke i A S e ey Ty 13-2615, 18-3462, 13-3485
GRRAER v o sy o S e o -{Def.) 1020, See, 18-510, 13-2351

charging cables_._. .. ______ __ . .. S 13-6183

eommereial . .o oo S R -~ 13-5131

[0 1L e s e S e a0

egntml apparatus PPN~ .| 2.

= . DB

equipment. - .. __ SRR P -~ 13-5103

fexiblecords_ . ___________________ _ _ cmssmase=---- 18+5108, 18-5107

generators and motors___ S e —e——a- 18-5108

grounding. ..o oo T e et Ly

e b Sims TR S S R [ I

pertablen. ..o e === -- 13-G104, 18-5105, 13-5107,

13-5108

wiring_-._-_- T e e S e S
Gas, flammable. .. ______________ 3
piping for grounds____
Gasoline, bulk storage_______
dispensing izland
Blling station. .__._.____ . ___
Gas tube lighting system
Gauges, wire_.._.__._..____

e cmemmaee - -—— 186121, 18-5181

mmem e Bec. 18-500

Y -~ 13-2582
i e e as TR
ISR LICRRR R | 3 [ (]

S & 3 7 |

S Sec. 13-600, 13-4181, 13-419]
----{Del.) 1020, 18-1108

363
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Order No.
General plan of investigations________ .- 13-1116
Genrral recommendations for electvieal worle. Sec. 13-00
General voquirements . . oo e ceae o eeaea- S0 18-110, See. 101
General service requirements_________ o o .- Seec. 18230
General-use switeh. .. E— -o- - --{Dref.} 1020
General-use switeh, installation___________ . _ . _ 13-3818, 13-4388, 13-4402
Generators, (seealsomotors) .. .- . . _________ . See. 13-445, 13-94451
L PR A A AR s e e 13-5103
hazardous locations. __._______________ ___ . . _ _.___ 13-5018, 13-5058, 13-50T76
RrlEabtiam ol eemssmas s e e e St 13-4456, 18-4454
Ground,

T3 Y OO . . |
eonnections, made electrodes_______ _ _ _______ ___ 13-2583
at boilding serviee. ... ... . __ 13-2523
contact surfaces. . 18-2583
direct eurrent___ = 13-2512, 13-2513, 132522
At o s S e e AR s pe e S R e 16178, See. 13-250
for alternating current systems_______ - 13-2514
S APINg s sl s e s oo 13-2582
in deep soil .. ____ - 1617F
132523
1617G

in shallow soil . .. __

in trenches______-_ 1617TH
methods of making. - 13-2551
| 0T1 ) RS S . PR 16170

ORI e e i e s smmi e s F OO
BRI o s e e e e g ot SRR
QST s s S st e s s BRI
permanent.and effective . oo oo . ___._. 18-2B51
P e 13-2612
TR i See. 13-810
vegistanee _ . ___.______________ _ _ _________._____. 13-2584
to building frames oo 18-2G82
to piping systeme_ _ 13-2581
torailway retarde: oo ... 13-2BBH
within buildingserved _________ ___ _______________ 18-2528, 18-2521

resiatanee_ .- __ - ____ e e e e e o 13-2584
limiteotecosasmccsmssaussacaasas e Ay e 13-2684
[ D15 s (e e o S S S S PRSP S U S S8 s (Def.) 1020
conduetor, continuity of - - . _______________ 13-2409, 13-3801
11 B3 i e o S ot s et =gt RS et 9 13-3801
to be identified - - __ . __________ R L)
to be insulated. ___ 18-3005, 13-2804
permanently _ __ __ ... ... ’ . .1 1020
system __ . __.___._.___ . W - 1020
Gronmhne. e e DR 18200
alternatemethods: .o oot oo oo 1858582
alternating current systems...__ . ________________ 13-2514

11D D S e BT SN U [ -
armored.eable. . . ______ .. _._ 1B-2538
o e e D L e A R e e _. 13-2631, 13-2632

~at one poinl only, in building. . PR e gy |

attachment cireuit and equipment_______ ___ _________ 13-2613

bonding jumpers. - _______________. . == .- -.- 13-2H72, 18-2577

¢ablesheaths  _ _ ____ _ ___ _ _ _ il . 13-2382, 13-2532, 13-2555,
13-8041

eapaityof ___ . . . . _.__ 132608, 13-2594, 132595,
13-2596

e S — 13-4609

i R T S = " . _. 13-2511

elamps. ... A e e e R e S R

common grounding conduetors.____ . __________________ 13-2553, 182591

communication arreslers. - ... 13-8041

conduebers: ot ol

BELECTRICAT, CODE—INDREX 365

Oreder No.
............ (el 1020, 13-2002, 13-2351, 13-2371,
13-2410, 13-2661, 13-2591,
13-2598, 19-8151, 13-8161,

13-8171

attachment of . __ __ TR e - . 13-2613, 13-2614, 13-2615, .
13-2616

dapaetiy of. - .. . ____ L e e 132588, 13-2594, 13-2595,
13-2696

continuity of e T =]

emrrentin. . - oo S e e e 13-2521

for conduit, cable sheaths, and metal raceways _______ 13-2532, 13-2533

for lightning arresters_._____ e mmmeem e me e e 13-2681, 13-2682

for fixed equipment_.________________ _____________ 13-2591, 18-2695

for portable equipment__ _ - 13-2596

for radioequipment ___________ _______ _ _ ______ 13-8151 to 13-8156, 18-B161 to
18-8163, 13-8171, 13-8172

fugegin...___._: e ST e 13-2599

i 7 LTSS 132592, 13-8153, 13-8154,

. 13-8155

insulabion. .. . ____.____ . 13-2501, 13-8152

IRl s s e -

mechanieal protection of . ___ mvmmmemem e -~ 18-2592, 18-8154

B, s e e e T R ----, 13-2593, 1325684, 13-2505,
13-2586, 13-2697

kel B R S S B UL OO L1\

(LT T N | 1Y R i 13-2641,

13-265b1, 18-25T1, 13-2591,
13-2611, 13-5022, 13-5061,
13-5080

conneetiona. .- ._.. .. - ___ c-.--- 183-2521, 13-2611, 13-2823

eontrol systems____ ceee———_ 183-B141

eontrollers..- - o oo oo AT et o e i 13-2548, 134438

crunes and hoists____________ . ______ A o e 13-2516, 13-2548, 132544,
13-5088, 13-6144

R R R T 13-2618, 13-2615

distribution systems, AC._____ _____ ___ ___________ 153-25614, 13-2523, 13-2525,

13-2594
1] ¢ DRSS SRR, - it B E T

elecbrodes. caueo oo e = -- 13-2581, 13-2612

deep soil - : : : 1617TF
(T T e S -- 1817G

L e TS ceeimmemciai.-__. 13-2543, 183-2544, 13-6271
enclosed awitehes . . ______ .. _________ 13-3812
equipment, conduit, metal racoway and the like . ___ 13-2542, 18-2h43, 13-2567,
18-2560, 13-2561, 13-2585,
13-2591
equipment on structural steel _______ I —— 1]
portable. ________________ I oo ..- 18-2545, 13-2559, 13-2596

equipment over 600 volts. .____.._;___:__. oo -____ 18-4518, 13-T1T1

UL P S i neTE TR TR e 13-2542, 13-4211
fexible econduit. ... .______ ___ 13-2382
frames of, motors. ________ =t . 13-2543, 13-4436, 13-4437,

13-4439
switehboards_ .. . . .. ___________________ 132543, 13-3858

furnace, electric. S R 18-25615
gavages_ ___________. . e - . 13-2543, 18-5112

S -

generator frames. .. _________ . _________________ 13-2548, 13-4458

T o 13-2526

. 13-2548, 13-56111, 18-5121

____________________ 13-2576, 13-6026, 13-5066,
13-ROBT
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Order No.
induction and dielectric equipment_____.__._______.____ 18-6657
instruments, meters, relays 13-2621, 18-2622, 18-3859
interconnection oo _._ 13-2681
interior wiring systems____._. 13-2526
inwetplacen: — _.ooa o aoe o oo 13-2542
izolated plants (not over 50 volts}.___ 18-2517, 18-2526, 13-7210

13-2542, 13-4211

13-2631, Sec. 13-280, 13-8141,
13-8142

13-2534, 18-2546, 13-2586

13-4238

18-26532, 13-2533, 13-2573

1616 E

13-2571, 13-2573

See. 13-250

lighting fixtures. .. .- T, SRy

motor frames. .- oo P e -1 13-2543, 134436, 13-4437,
13-4439,

mlbple . o e 13-2521, 13-25238

neutral conductors_.._.___- S et 18-2518, 13-2514, 13-2525

noncurrent-carrying parts__________ g e 18-2541, 18-2542, 13-2543,

13-2644, 13-25645

nonmetallic sheathed cable 2 13-2559, 13-93361

on electrical appliances_ ... 13-4238
on farms. - ooomomoeo oo . 13-2524, 18-5603
OFEANE. o oo — e 13-2548

outline lighting and signs_______ 13-2597, 13-60056

portable deviees____.__ . .- e PSS 13-2546, 18-2569, 13-2596
TACBWAYE oo oo eemmmmimamememmesmmecaodesoa<--=--- 1B3-2582, 13-2533

CRI0. 3 - mm e aa e Besse s e e S e e e 13-8151, 13-8161, 13-8171,

13-8192

13-2560, 18-4238

13-2501

132382, 13-2524, 13-2631,
13-2532, 18-2671, 1325804

glgnal systems. . - oo 13-8081, 13-8041
BRE RS s s S s R e e e i s o AL DA, TR0 00h
SECH: DIREB oo e cmm i s w2 A B BOR
switchboard frames_______ eem—mea-.. 18-2548, 18-3858
1o buried metal struetures e | .
to limited metallic bodies_ .. .- ... ... . . . . 18-2582
theatre equipment ... .- SiSuEean semae TORE4S, 18-52T1
transformer cages and eirewite. . ____.___ . ____ _ 13-2621, 13-4516
water piping connections.____ S -~ 132581
mmimeee-_- 13-2542, 13-2545
vriting methiods. oo e e eme-.- 13-2556, 18-257H
wire fences_ .- eieao i s ey 1650
K-ray and high [requeney apparatos. . = 13-2543, 13-6634
Grounds, abandoned.________________________ S | 5 |
arrangement. .o ieoeaemioaoieooooooooo. oo 18-2521, 18-2661
lightning rods. 1617
made. .. -e-...-- 13-2583, 13-8041
multiple_ - - -o-..-- 13-2b23, 13-2584
relocated. . __ ST D W 13-2521
i | A R 5 D S R eem—--- 18-2584
bemba fOr. e e e . ... 13-2584
Guarded__- - ---(Del) 1020

See. 13-100, 18-1113, 13-2441,

Guarding
13-4481, 134338, 183-4457,
13-4515
arcing and sparldng parts. _____ ______ e e 13-1114, 13-2441, Sec. 13-500
cireuit breakers 13-2441
conduetors. _____._. 13-1102

13-1102, 13-1113

BLECTRICAL CODE—INDEX

T L A=W
grounding conduetors______________ _
live parts,
of cranes and elevators.______ ___________
of rotating machinery
of switchhoards_________________ L A R
of switches, fuses and circuil-breakers..
of utilizalion equipment
T T
moving parts_______.___ i s
suddenly moving parts.___._ _________ e
switehboards_ . ________
Lransformers. ... ___________

LETEE LT T L U

2T I S

Guard zone___________ A T N -
Gtbers, AR e

Handholes (see manholes) _________________._______ (Def)

Hazardous loeations._..._________________.____ . _ {Def.)

Hazardous loeations, conductors in
classification,

classification of appliance____ __ ____ _ s
classification of atmosphere__. . __ . _ .. _____
conduetor insulation e s
control transformers.__.________ ______ _ ..
alectrle eramenc oo oo o oo o oo L e
clectrie trucks. . _ i
RPN JORRE . - o i e e
i1k T e N, N A A

grounding____________ B et s e
lighting fixturea. ________________ S N
live parts.
melers and instruments. _____. _______ _
motors and generators___________ _ _ _
paints, lacquer finishing

switches, circuit breglars_ ... ____ _____ ______
transformers, capacitors__ SRS ey
Wirng tiathods. . oo covevn corvmimmsmmsssscooss
Heating, cooking and baking appliances.
groundingol.- .. i s e
insulatlenof ______._.__ ______ A =
High frequeney apparatus._______________ I
High potential systems (see systems and voltages over
L e e A
History of code revision_

Order No.
13-1112, 13-1113
13-2592

13-6121, 13-6203
13-4308, 134456
13-3861
13-2436, 13-3803
13-1113

- 13-1113

13-2441
13-2441
13-3851
13-4546

13-4163, 13-5019, 18-5061,
13-5079, 13-5604

13-3212, 13-8247, 13-8346,
13-3366, 13-3367

1020
Sec, 13-374

1020
1020, See. 13-500

13-5004

13-5005

13-5006

13-5020, 13-5060, 13-5078

13-5002

13-5023

13-5017, 18-50567, 13-5075

13-5083

13-5084

13-5001

13-5021, 18--5062, 13-5080

13-5016, 13-5056, 13-5074

13-5026, 13-5066, 13-5087

13-5019, 13-5061, 13-5079

13-5025, 18-5065, 13-5086

18-5013

13-5018, 13-5058, 13-5076

13-5003

13-5022, 18-5019, 13-5060,
13-5061, 13-5079

13-5022, 13-5063, 13-5081

13-5015, 13-50565

18-5024, 13-5064, 13-5082

13-5085

13-5053

13-5016, 13-5056, 13-5074

13-5012, 13-5052, 13-5072

18-5014, 13-5054, 18-5073

Sec. 13422

13-4238

13-4232

See, 13-666

- Sec. 13-710

Page 7

See. 13-610
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CGrder Nu.

Hoistways. . ______ P S A (1ef.) 1020

wirlng in___ ...
Hotel
wiring methods_ . _

Identificaiion, (sec polarity identification)

Identifieation of,
(100 T NI
aquipment,. - o e eeiseprmemem e me e s mccama e
grounding conduetors_______._ . .o Lo ...

motors. .- oo SR
utilization e([ulnmenb -
INumination of exits..____._.

- - 13-6206

.- 18-1102

_. 13-2005, 13-2006

--- 13-2008
--- 13-2559, 13-5022, 13-5063,

13-5081, 18-54003
13-4304
13-2008, 13-4261, 13-4262
- 13-7003

theaters__.._____-. 13-5202

oo MERUEE . o o e e e s e R s S 13-4233

Ineandescent lamps________ e m e e mmem e e See, 18-410, 13-94103
as registances. _ .- B T -.- 134706

Inclosed (see enclosed) - ... ________________ (Def.) 1020
T e i 13-2451, 18-2461, Table 34

Inductance, precautions agamst excessive.______ ey
Industrial Commission Codes, list of___
Inert gas tubes_. -
Infra-red lamps____._____-___ AR B

Inspection and repairs_ - .. _____________.___
Inspection of,
ground connections___ . ____________________
Installation, emergency .. _ -
of boxes, eabinets and outlet anﬁ Lermlnal ﬁl.i.uu{b_ 2
LT L |1y R NSRRI B e
O T TN e i o B S i
Instruments, grounding of __ e
gwitechboard . ______.. ... oz
Instrument transformers, gr oundmg i S T
Insulated - ---tD
Insulating M 1

Insulation,

conductors in battery roaoms. .. . T —

grounding conduetor. . oo oo
Insulation resistance. . __ - ___________.____ e
Insulators,

for antennBB._ .- —cecremmec R a e
Intent of rules, realizationof . _________________ R
Inter-building serviees____ - I e A T S

Interior connection of metallic masses_ . _______________.

Intermediatesockets___ __________________ S haeSEE
Interior conduit grounding - - ..o __
Introduetion_ ... _____ e N

-_- 13-3018

- Page 12

_. Sec. 13-600

__- 13-2118, 13-2121, 13-2128,
13-4237

- 1012

__. 18-2584, 13-2612
--- 1013F
-~ Spe. 13-370
18-4881, 13-4386, 13-4387
- Sec. 13-380
__ 18-2621, 13-3859
_ .- 13-3858, 13-93843
... 18-2621, 13-2622, 13-8859
ef.) 1020
ef.) 1020

: —---- 18-4213, 13-94101
mats, floors, or platforms (seemats)._ . _____

.- 13-2623

--- 18-4B07
--- 13-2591
--- 18-1119

.. 13-8112, 13-8133, See. 13-810
—=s 10188
13-2302, 13-2351

--- 13-4161
-~ 13-2538, 13-25956
--- 1000-1020 inclusive

- -{Def.) 1020
- -—-{Def.) 1020, Sec. 18-720

ORI s s i i s e R e i 13-7209
emergency lighting - - oo See. 13-T00
groumding oo e o aas b s e L o 13-2517, 13-2526, 13-7210
lampholders and receptacles. .. ... _._.___.______._...- 13-T205, 13-7206
Isclating live parts of, utilization equipment___ ... __ ... 13-1112
Tsolating switch (see switches) . o o oaaooo (Def.) 1020
Isolation by elevation. - .o oiiosuas _(Def.) 1020, 18-1112, 13-7162

Isolation of,
amengeney Hghbing . .o oceoo s i i el

Soe. 13-700, 13-T022

ELBCTRICAL CODE—INDEX 5869
Order No.
live parts by elevation_ ___ d EE— e 181112
oil eircuit-breakers and oil swi Lr_th ________ . 13-7136
suddenly moving parts______________ ______ . - 132441
ot T S wse oo s oovo. Bee: 18=-4b0
a
AR HBR oo o e s e i ((Def.) 1020
Juints or splices, in conductors. . ___ =SS e 13-1118, 132305, 13 -85446, \
18-3565, 13-2625, 13-3748, |
) 13-4004, 13-4149 |
in wireways. ... _.______ g RN v |
in grounding conductar - e -~ 13-2591
taping of _____ . SO Y. . 18-1118
Junectionboxes____________ - memmm— - Seey 13-1370, 13-8708, 13-93701
Jurigdietion of municipal codes. .. _____ T L T
K
Knife switches (see switehes) . e = See. 13-380
Knoband tube. o oo i bt - w- Sec. 18-824
A G T S S e 13-8007, 13-3248, 13-3710
L
Ladder space on building__ el S | = Lo |
Lamp guarde____________ e meddaeecccceaeea e 1B-4172, 18-5108, 18-6262
Lampholders______________ =S S R ceea-- See, 18-410
classifieation. oo oo ______ = __ 13-94102, 13-94106
connection to gerew shell.________ - 13-2004
construetion____________ T memeiemomee oo 13-04102, 18-94105, 18-94108
damp locations. . .. __ M S - 13-4163
festoon lighting_ .- .. ___ . e e e e 13-5258, 13-7314, 13-7321
hazardous locations__________ : - . Sec. 13-500
0L 1L SRS | 0., | [y |
IERRREIOR!. o e i e 13-4008, 13-4156, 13-4157,
13-7361
Ipolated planbe ..o o oo oo —siiasse 137206
outline lighting, signs_______ T W . =)
used as lampholders only ________ _ .  ____ 13-4156
Lamp resistances. ____._____ _____ ___________ cmmmmanaa 184706
P 1 SR R et ey - e e s e I -
A e e e e e e e e e S 13-4205, 13-5284, 18-7104
electric discharge._________ _____ e S See. 18-410 & 18-600
hazardous locations. .. __ A e B g R See. 13-500
incandescent_.______________ . ST crmem e mema - See. 18-410, 13-94103, 13-5604
incandescent as resistances RS e S 134706
1 Ei 1 S S o S e 13-2113, 13-2121, 13-2126,
13-4237
portable hand __ ________ oo 154172
inert-gas tube. ... ____.__. —eew See. 15-600
mercury vapor..__.___.____ RS ERNR SR SR Tas ok o e 13-4208, 13-94205
N e B ey RS 18-4212
Lateral eonduetor_____.__ S P 1. | L. 8 b 1
Lateral workingspaee_...___.____________________ (Def.} 1020

Laws affecting interior wiring.

_________ Pages 9, 10 & 11

Lead coverings for air terminals_____ e s TR

Lead-in conduetor.________

masmecnroso. Bec. 18-810

1 T See. 13-810

Ll 11 O S S e - See. 13-810

BB s SRS -~ See. 13-810
Desd coverad Wire. oocuis sy -- 13-8102, Table 5, Table 16
Levers, protection from suddenly moving._ . ___.__________ 13-2441
Lighting

and power [rom railway systems peohibited ... _ 13-1111
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Order No.
Sec. 13-T00
Sec. 18-410
1020

Lightning arresters -~ —--- .. __(Def.) 1020, 13-2391, Sec. 13-280
grounding__- e ——— e R R S e 13-2631
guarding. .- -- b oA e L e P REY:
ingtallation of .- .- T ——— e e-- Sec. 13-280, 13-8022
interconnection ... e mme- 132631
radin. oo ccca i d - T N B 13-8141, 13-8142
signal systems. - ococooi - oo S .. .__. 13-8011, 13-8041
Lightning proteetion for- . : oo 1600 to 1652 ine.
chirmeys. . -i--oaiodeea- el - Sec. 164
live stock in fields_ - - = SNBSS - . o [ 1
miscellaneous structures. .- oo - S At 1HE
smokestacks oo iU ST e e T 1640
spires, steeples and flag polea____ . e L
)| o e e L S S 1) |
water LOWETB wo-cerocme———cmcmmmme e IR 1) |
Lightning rods__ oo oo _ 18-2534, 18-2546, 13-2638
Lightning rods for_ oo _ 1600 to 1652 inc.
buildings, containing baled flammable materials___ - Bec. 163
metal radio masts_ .. __ i e i e - 1618
metal roofed and metal clad buildings_ - 1614, 1631
metal stacks. - - cmeem e 1640
ordinary buildings__..._--- : Sec. 161
ridges, parapets, ete.__... 1613C
spires, steeples, flag poles. oo 1620
water towers, silos and similar structures. .- - 1821
wooden radio magts . - - - ccrecmm oo m o man - 1618
Lightning rod,
conductors. - - -acoicoaoa- R N e = e 1610
down eondueborB. - - loccccmcesmmmmmee oo mm 1610
ground connection for. .- .- —----- 13-2586, 1617, 1641
Lights for, assembly halls and theatres __._...___.-—---- 13-5202, 13-5242, See, 13-700
Limited metallic structures, grounding to. .- -cuun 132582
Limit sWitches. .- - - o cm oo cwmesmem e 13-6134, 13-6242
Line conduetor___ P . _(Def.) 1020
Lines___._. R, Su—— AP ~(Del.) 1020
Link 186 - - - ccmeccmmmm s e A 18-2471
Liquid-tight flexible conduit_______ A — emeemunaseese Bec: 18-851
Live (Alive). oo icocsioxman—smgemrmmemmm—————ee== (Def.) 1020
Live parts, clearance__ oo — .. 18-1112, 18-1113, Tables 32 & 33
guarding or golated - oo 13-1113
isolation by elevation .- _-.- ST 13-1113
working space about___ ... R R . i
Live stock in fields, lightning protection n!. e Sec. 1656
T.ocal electrical regulation. - Page 8
TOnabion. - s m g 1020
to be avoided, antennas__ .- .- 13-8113
Lock for control equipment____ 13--4386, 13-4409
Low-voltage, protection . cone—oo. - ) 1020, 13-4391
release. oo (Def.) 1020
T oo ma T s ST i e S e S e A S T 18-1117
M
Machine tools. oo oo See. 13-670
branch eireuit .- 13-6741, 13-6742
conductors_ .. - 13-6721, 13-6722, 13-6723
control equipment._ 13-6731, 13-6732
control equipment enf'lusu.u-'.__ B P cra = e 13-6732
flexible cord. . 13-6704
grounding_ .- -- _ 18-6752
identifieation_ -~ ——-- 13-6703

BELECTRICAL CODE—INDEX

Order No.
lighting fixtures . - - . . ... _.... 13-6704
moving parts_ oo oo . .. e s es LB-HT1E
overcumirent protection__ . = e vp—— .- 13-6741
b r o bp] gl oL RS SR G IR S 13-6711
Machines,
18-4386, 13-4391
1020
Wanval oo osasizssucs s —E—= - .(Def.) 1020
switehies guarding ol —coo- - o i oo oy 13-3803
Marking of,
conduetors_ .- ... SO & o § 1)
apelostd SriieRes s o i e s S L e e e 13-93801
IR oo g e o e i e R 13-93401
s:glms__“_.. " 13-6036
W e 13-93801
Materials for,
ground conductors_ ... ... ST 13-2391
sign and outline lighting . ___ 13-6087
Mechancial execution of work_ . e 18-1105
Mechanical injury . .- ______ SR O e e | )
Mechanical protection of conductors_.____ .. __.___.__ 13-1102
Mercury vapor Jamps. oo - _ 13-94107
Metal
bodies, independent grounds - .. __ POPRIC SOOI . |
cabinets grounding_ ... - : meman—ma= 10-2H42
elad building__ - ---(Def.) 1603
masses intereonnection of - o .. ..___... 1616
molding (see metal raceways)
(T3 E e 1] e e P S SR o SRR 1613D
raceways, groondingof . - ____________________ .. 13-2538 ,
guarding conduetors_ .. _____.__.__L_o__......_. 13-1102
wirlng method. - - i cieecsoiiaaecoociacao-- Seci 13352
roofed and metal clad building__________________ (Def.) 1603, 1614
sheathed cable (see alsoeable) _ ___ _ ___ ___________ See, 13-384
Maeters,
Tocation In servions: o oo oot sucasaasusne s e e s 13-2375
useof switchwitho . oo - 18-2352

water, ground connections near_____ - 13-2812
gshunting of_._ s - 13-2612
Methods for protective grounding_______________________ See. 13-250
Methods, of conneetion to ground_______________________ 13-2612, 13-2614, 13-2615,
13-2616, 13-2617
BT [ R e e e e e Dl 1 5 L
Minimum standard, code. .o oo 1000, 13-0001

Minor communication lines_. ... »
Modifieation of,

PRI oo s ot e g R e 1013
Mogul lampholders. ... __

e Jrod Ll R S P R R T S . 13-2114
Mopist locations (see damp or wet places)
Molding (see racewsys)

vl | R e o e P e R i ey e

____________ (Def.) 1020

ceeo-- Sec. 13-352

Motion pleture, booths_—____ ... .- _ ____.__ Sec. 18-540; 13-5418
hnuFes_ ......................... To ctescae=-- Sec. 13-620
ROTRREGIE: e o o e m s s ey s Sec. 13-540
non-professional type_._ .. S —— T () T B
‘pr.ofcsuional i . . A . - 18-5401, 13-5411, 13-54381
MG TR AR v i gt e e .._._(Def ) 1020, Sec. 13-630
sound recording and reproduetion______ . __ Sec. 18-640
wm‘ng.l ___________________ TR A R 18-5411, 13-5418
WMiobor cimaiE BTN . - - s D e e e --.(Del.) 1020, 13-4388, 13-4402
L 2 R R S T s e S ey D See. 13-430

automatie restarting_ = e s aaes e 1 Bedd

See. 13-210, 13-4144, 13-94103
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capacitors for . .. L. ______
conduslors. . _ . _.
construetion - e

Order No,
Table 30
144311
13-941301

eontrollers _- 1348035, 13-43%1
current ratin - 134309
diagram. .. ___ ... C e Tig. 20
disconnecting means________ . __ . __________________ 13-4401
dusty locations . . _____________________._._ oL .- 13-4303
elevators. . ______ ... ... See. 13-620
enclosures 13-4308
EATAZOB . e ma o mmmemmemmemmmme e o= - 135103
grounding frames____ . _._____ . ._.____________. 13-4435
hagardows locations. . . _______ 13-5018, 13-5058, 135076
identification of__ .. ____ - PR 134304
identifying eode letbers_ ... .. . .o__________. 13-94304
locationof _____.__._ : -- 13-4810
motien pieture studios. - 13-5311
motor wiring tables_________ ... .. _ Tables 20-24
number of conductors disconnected__._________________ 13-4326, 13-4327, 134328
an lighting ciredits_ ... ______ e e ___ 13-4332
ovaorcurrent protection, motor______ . _. 13-4321, Tahle 20
gvercurrent proleetion, braneh eirenit _________________ 183-4341
overcurrent protection, feeder_ ... _ . _._.___._.___ 13-4361
overcurrent, protection, shunting_________._._._____._. 13-4825
pvercewrrent vnits number_ . 13-43286, 134327
over 600 volts . ________ PR R R, 134421
remote control__ . 1824038, 13-4371
speed limitation___ __ 13-4889
terminals . . .. _.. e 13-4306, 13-4439
Mounting of apparatus__. ... 13-1108
Movable equipment____ . _____________ {Def) 1020
Multi-outlet asgembly_ ... o anoee...-(Defl) 1020, 132116, 13-3527
Multiple artifieial grounds _ ... .. 13-2523, 132584
Multi wire brancheivealts . __ 13-2111
Municipal eades jurisdietion ... ... . ... ... Page 8
) N
Name-plates . oo e 13-1120, 13-4173, 13-4203,
13-4261, 13-4304, 13-4305,
13-4517, 13-4611, 13-4706
Natuwre of ground eonneetion. - _________.___.__. _._. . See. 18-250
Neatwork system, industeial ____________________________ Sec, 18-450
MNeutral feeders, sizes of .________ R [ T18-2203, Tablez 1 & 2
New eonstruetion .. ___ .. _.{Def) 1020

Noneurrent-carrying parts, conduetance of grounding
conductor_ .. ..ol (R

grounding. ... S
fixed electrical utilization equipmont . _______________
frames of generators, cases of transformers, ete.
lighting fxtures and fixed clectrical devices._._..._ ...
metal parts of gigns_ - __ U
switehes. . oo -

Non-metallig outlet boxes . ____. [

Won-metalilic sheathed calble_ ... . _..
installation rales__ .- -
gpecifieations ... oL .- [

Non-metallic surface extensions_ . .___________ P

Non-metallic waterproof wiring___ .. . . ________._...

Won-metallie wiring system____._____ . _________

Number of artifieial grovnds_________ . ... ______

13-2594, 13-2595, 132598,
13-2597

See. 13-250

13-2542, 13-25643, 13-2544

132542, 13-2543

18-2542, 13-2549

13-6005

13-3812

13-3248, 13-3369, 13-3408,
13-3703, 13-3710

Sec. 13-335, 11-93361

Sec, 18--336

13-93861

See. 18-242

Sec. 13-340

See. 13-300

13-2584

ELECTRICAL CODE—INDEX

Number of dewn conductars,
minimum__o_____________________ .
on dead ends B
on irregular shaped structures_
on metal ¢lud buildings_ _____
on rectangular structures___. .
on struciures over 80 feel high____ ___ . _ . __..__________

ObStrUetIONE_ - _ .o el
0il filled apparatus ’
capacitors. .

Order No.

1615A

L6151
16150

161:E

16168

1615D

1613H

Sec. 13-460

switches__ _ - 13-3803
transformers___________.___________. See. 13-450
Open knife gwitches_ . ___ ... _______ 13~3%13
Open wiring_ . __ . . Sec. 13-820
gigns and culline lighting._. .. e 136021, 13-6081
CHoem WATERL oo oo imem e ____.. _.(Def.y 10240
Order of the Public Service Commissgion. ________________ Tages 5 & 6
Sec. 13-650
13-6504
13-6506
general 13-6501
source of energy - . [ 13-6502
Orpaments on lightning rods. .______ . __.. ______________ 1612D
Oullet_._________.________ 1020
number per elvewit_ . ..o _______.__ 13-2116
Qutline lighling - 1020
grounding_ ... _.___.___ [ 13-6003
materfal. . .. . e 13-6037
openwiring________________ J P DR 13-6021, 13-6031

receptacle and lampholders . ______________ __..

switehes_ . - ... [

wirlng .. I
Outside, communieation wires. ________________ . _.____

supply conduetors_____ . ___ .. ________

clearance. _ eeem
common neutral . _ _
festoon lighting _______. . e
fixtures
joint lines. ... ___. . .
open conductors________ R I
proteetion on peles. . L ...
TREBWAY oo [, S [
services_ e
trolley wire: il
underground_.___ R

wiring method________ e JE R
Overcurrent protection. . ____________. _.__
appliances_________.__________._._ e
Worder lights_ . ___________ ... ______._._.
branch eivenits ... oo . . . ______.
busways. ... . _a____._.
capacitors__ _
cirewit-breakers_____________ _ ____ . ______._._..

eranes and hoists___________ ... __.__________ .
diagrams_ ..o oo e R

13-6022, 136034
13-6003, 18-6035
13-6021, 13-6031

. 138021

Sec. 13-730

18-2336, 13-7331

13-7323

13-7312

137321

18-7361

13-7322

13-7321

13-2312, 13-7326

13-7341

Sec. 13-230

See. 13-615

13-2303, 183-2311, 13-25E5,
13-3019, 13-3102, 13-73%1,
18-8031

13-7302

See. 18-240

134242

13-5241

See, 18-210

13-3648

13-4607

13-2351, 132889, 13-240%,
132405, 182481, 13-3803,
13-3811, 184341, 13-4347,
157186

13-6141, 13-6142

Chap. 10
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Order No.
BN e o s i s e L i e 13-6251
emergeneydiphthnpg. .- . - . o 13-7041
enelosures for - oo ce e o s 13-2436
feeders ciceeeea-- 13-2408, Table 28
flexible cords 13-2403, 134008

footlighta_ _ _ =
fuseholders_ ... _ . ___ ___

13-5241
13-2451, 18-2452, 18-2453,

13-2461, 13-2471, 18-92401,

13-92405

T e P RSOSSN S SRS I . .|| 1. |

et somIunEE. o s e m s e S -~ 13-2401, 13-2409

hazardous loeations. ... ________ e L e 13-5016, 13-5066, 13-5074

induction and dielectric equipment____________________ 13-6654

L e R L e LR e e e e e 13-3857, 13-92843

isolated plants (not over 50 wolts) . _._____._______. 13-7204, 13-7208

i an i | e e e e Bt S JCR et s A 13-2434, 13-2373

motorg and motor-eirenits._______ _______________ ___ Seec. 13-430, Tables 24 and 27,
Diagram 20

ORI o et T 4 e e i X g e S i 13-6506

outline lighting__ _ 13-6006

IO WO 0 i o s st v s o i i S 13-2389, 18-4512, 13-T141

overeurrent units, general ____________________________ 13-2408, Table 28, Diagrams
1to 19

overcurrent units, motor eivewit. . __________________ . 13-4321, 134341, 13-4361

17T LT e T e e e e S R 13-3882, 13-8881

ratingand Betbg . e el 13-2403, 13-4331, 13-4346,
13-4347, 13-4362, Tables 1 &2

remiote dontrol eireuibe . e ee oo omas 13-7268, 13-7282

gervices_________ 13-2371

gignul systems_ 13-7268, 13-7282

17y, 136006
switehboard instruments__ 13-93843
theaberg: . cocouenmsbieeasomctasss e nrdrsasy=miaa 18-5241,.19-5286, 195202
thermal eutouts and relays_________ _ ___ . ________ _ 13-2404, 13-4330
EERTREOTTINE L G o ek s S o o i e i i AR
Qrveeksnd condwebot. . cooioo e oo o e See. 13-730
clearance from ground .. oo o Lo L_o_....-o.._. 13-2822, 183-2324, 13-7323
clearance over bulldings______________________________ 13-2322, 13-2323, 13-7324
P
Panelboard (see switchboards)____ - _______________(Def.) 1020, Sec. 13-384, 13-2008,
13-3881, 13-5108, 13-93841
I alevitor Pouiid. . - —m e e e - 136262
T Ea e PR R e 13-93847
Paper insulation. ... e e S e s - VB U, T AR 180810
Pagsageways
working space not used as___________________ pewaa 18-1112
Penalties. ..o oo o 1013C
Pendanta (see also portables) ... . .. . ... ... . 13-4116, 13-4146
Permanency of ground eonneetions.. ... . . _____ 1617TD
Permanently grounded - - .- - oo (Def.) 1020
Phase, [ailure or reversal, protection againat______ _______ 13-6243
Pipe connections for grounding______ . _________._ ___ ___ 13-2i81, 13-2594, 13-2505,
18-2612
alze for made Faaiil. e s e 13-2583
size for grounding at gervie. - oo 13-25694
gystemgrounds. __ ... . - 13-2594
B oy (VL a) i R S e et S 18-2451, 13-2453
TR C SRS S (Def.) 1603
L ey S e e Sy 1611
of attachment of grounding conduetors_ - ... . _.___ See. 13-250
L U e A e e S O e e 13-2614, 13-2517, 18-2523,
13-2525

T ELEVRETIR. < v e nere e e e e i 13-2512, 13-2513

BLECTRICAL CODE—INDEX

Order No.
Polarily identification of,

eolor eode______ ... Spei ] e~ 13-2112
CONAUEEOIE. v mmmm e e e e 18-2006, 13-93101
devices____ ... ___ e B 13-2008
XETOR. . oo 3 e, 5 - _ 13-2004, 13-4151
Hexihle:cords ______ e = ww 182006, 18-2559, 18-6104,
13-84002
Pole face_ _ - .-~ , y 5 ce-ao(Daef)) 1020
Pales, protection on_ __ = z = e emmsameea-eee 132812, 187328
Portablo applianee. - - .o .- oo ; -(Def.) 1020
L T o o R S e ey 13-5256, 13-5293
use of switches ____ . mo---- 15-5293
[ P e R e e e Skt .. --- 13-4003, 13-4231
equipment, grounding of - oo --= 18-20545, 183-2559, 18-2596,
134238, 13-4437
identification - _____._.___ = —ene--= 13-2008
on branch eireuits_____ el e ememo— Bec, 18-210
PINEP R ORI ot s e g s - 13-5286
BEEIPEL et ae S s R e AR RN O
Portable cords
garages_ _ ... _______ ! ©eo—zoo2 18-B10T
identifieation____ .. _____ g ___ 13-2559, 13-94002
in hagardous loestions- - _ _ _ __________ ___... 13-5021, 18-5062, 13-5080
motion picture projectora_ _ N 13-5dl14
motion picture studies______ _ _____ e 135309
sound reproduction__ . _.______ _. 18-640F
Hetent o _ 13-4002, 18-4003, Table 31
Portable lamps
BUTRROR L o o s S A e g 13-5108
guards. - -~ ----= ceEEe : : T 13-4172, 13-5415
hazardous lowtluns___.._._._...______._ e w----- 1B-50562, 13-bO61, 1356079
molion pieture studios__ . . : ; -~ 13-5308
T IS S S SO, 1 | o 1 B
13-5291
Forkoble glfng . - - v vcmemom e me e 13-6009, Sec. 13-600
Position and connection, of knife awtl,:.hes___ eem—m--—-- 13-B806, 13-3807
Potheads, useof _ _ ___ __..___ T T | s 4[]
Power-laetor correcbion - - oo aschessnaruocomecanns - 13-2115, 13-2125, 134606
Power from railway systems prohlbll,ad _________________ 18-1111
Precautions in garages_ . .--cevecmmmccecana- i 13-5111
Prefabricated buildings_____ e e e e oen- Sec. 13-390
Presaure conneetors.. - oo e oo e 13-1118, 13-2358, 13-2613,
13-2614
Prevention of electrolysis to piping systems_______________ 13-2585
Private plant grounding. ... - . _........_._.._. 13-2526
Projector-enclosures. . . oo ---_cocooo—ooa-a cemieeia--——= 18-5401, 13-5483
Projectors, non-professional .. ... R e et ---- 13-5482
professional . _ oo ... e S - 13-5431, 13-5433
Protecting, (see also guarrllng) arcing parts________._-..-- 18-2441, Sec. 13-500
by disconmectiom_ - _____ . __._ .. rem e ameee 13-2440
ISR - o S e s e e e s SRS TR
communication apparatus______________________.__._. 13-8011
control eirewits. . eiieeeo-aeo--- 1B-4871, 13-4372, 13-4373
endssnd folnta. . . . . . . . ... 131118
10 et ot ceea- 18-2441
Proteetion against lightning S Part 6
Protection,
low and under voltage_ A S S SRR RS --— 13-4333
of eireuits over 600 volts______ O A S S P See. 13-710
of eleetrically heated appliances_.__ e i DS T
ol e[y e e 13-4454, 13-4456

375
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Grder No.
Protective,
devices (see also overcurrent protection)
cireuit-breakers, fuses, relays, thermal culouls . __ ___ See. 13-240
for radio equipment, _ .. __ ... ...___._...... 13-8141
for signal systems . __ . _ . _____:___________ 13-7268, 13- 7482
for telephone equipment_ _____ ___________._.___._._ 13-8011
when for more than 600 volts._. .. .___ . . ._. . . . 183-7141, 13-7142, 13-7143
grounding. . _. [, e Sec. 13240
surge protection . ___________________ 13-5053
Public address systems___._____ .. . ___________________ Sec. 13-640
Publie Serviee Commission, Order______ _________________ Pages 5 & 6
Pull box dimensions_. ... _ e e cewe oo —-- 133708
Pull wires_ e 13-8018
1020

1020, 13-3603

13-3018, Sce. 18-346, 13-348,
13-850, 183562, 13-854,
15-356, 13-862, 13-364,

13-374

consbruetion. .o Ll P 13-93461, 13-93481, 13-93521,
13-93561

econtinuous_ _ . _._____ . 13-30056, 15-3018

onamel coaled 13-3003

cXpansion_ . ___._._-_. 13-3020

exposed to different temperatures ... . 13-3015

grounding_ .- 132531, 18-2542, 18-3017

metal oo P elmim o ce—o--- Bec. 13-346, 13-848, 13-350,

13-352, 13-364, 13-356,
13-362, 13-364, 13--374
number of eenductorsin__ . _____________ 13-3092, 13-3468, 13-3486,
13-8594, 13-3545, 13-8564,
13-3624, 138745, 185212,
13-6021, 136214, 13-6408,
13-8012; Tables 4 to 19

outside.. . 13-2338, 18-7841

sound recording_ [ 13-6404
splices in____ . ... L .. . . _..----- 13-3005, 13-3625
support of vertical conductors_..__________________ C.. 13-3014
underfloor . See. 13-354
underplagter extensions_ ... __ T Sec. 18-344
Radie, orders._______....__ . Sec. 13-810
masty, lightning protection 1618
ROIBE SUPPIESSOTS .. - e cmccam o Ceo-e--_____ 13-8181
Railway, systems, prohibited as source of light und power__ 13-1111
Rain-tight e {(Def.} 1020
Ranges, electrie, ’
contred .o ~ 134241
“demand’’ for feeders of - .. 18-2208, Tahle 29
grounding. . . ... 18-2560
neutral conductor §ize__ ..o 18-2121
wiring for_ .. L __ R, 13-3382
BalinE - e e e _- {Def.} 1020
Reactors. o e Sec. 13-470, 13-94701
Readily aceeasible_ . (Def.) 1020
Realization of intent of erders_ . oo ea 1013
Receiving stations, radio. o . __. See, 13-810
TReceptaele oulleb oo oo el (Def)y 1020

ELRCTRICAT, CODE—INDEX 377
Order No.
Reeceplacles_ . _______ . _ .. __________ Cdmceec——-.. Seec. 13-410
in dwellings. ._ _. . Lo 18-21145, 13-2124
infloor____________________ __..______.. e eeooo_ 13-4162
on branch eirenit______________ _ e oooo..oo.-- 1822115, 13-2116, 13-2121,
: 122123, 13-2124, 13-2127,
13-4241
outline lighting and sign=s_ ... _..__________... .______ Sec. 13-600
plates to be insulated___ . ______ I 13-4215
rabing_ _ . _____ o . 18-4161
Reconstruetion_ . ___________.____________. .. _____(Def) 1020
Rectifiers, motion pletwre____________. ... _________ _. . 13-5416
Remote control . _______________ o iaooo--. 18-4371, 13-4372, 13-4871,
13-4374
Remote eontrol, low-energy and signal eireuits. ___________ See. 13725
elassification...._________.________ . __________._. _ 137253

class Z systems_ _ [ P 13-7281, 13-7291
grounding______________.. el ___ 187271

in eommunieation cables_____ - 18-7256
low-energy power circuite__ __ .. _ . cecean 187254
overeurrent protection. .. .. _____ X 13-7268, 13-7282
safety control deviees__ . .__________ _ cmimmece oo 13-7255
transformer rating_ __________ . _. . _______________.. . 13-7283

wiring method ___________ e eee— e ... 18-7281

Resistance devices,
construction___..__.________ _ e mmeeomoooo_ o 1384701

Instailation_ Co See. 18470
lamp. .______ . _______.. S 13-4706

Registance of ground connections. __ . 182584

Resistors. . _________ ... ... .. Bec 13470

Rewiring existing raceways_ .. _________ B, Tables 11, 12

Rheostats_________. e T, See. 13--470, 18-5416, 18-94303

Rigideonduit_.. .___________ . ________________ (Del.} 1020

Red size for artifieial grounds_________________ . _ ___ 13-2583

Roof conductor____ __, el (Def.) 1603

Roofs,

conduetors crossing_ ... .. __________.._ . .__________ 13-2322, 18--7324

Rosetles_ . ... i ___ . ______._.. [ Bee. 13414, 13-2439, 134165,
13-94104

Rotuting maehinery_____ _ . _________._ F Sec. 13-430, Sce. 13-445

auto transformer stari 18--04302

control upparatus. . _________ . . .. . 13-4381 to 13-4390

diseonnecting means___ . _. . e 13-4401 to 18-4411

wenoral ... __________ JO 13-4301

WONeTators. oo ____ .. . ______ . ____________ _ __. Sec.13-445

grounding of .. __________ s ... ._o__ 13-443%5, 18-4486, 13-4437,
18-4439, 13-4458

guarding live partsof . __ ________ . . _ ______ - 18-4481, 13-4482, 13-4443,
13-4458

mobters__________ . ________ S oo Bec. 13430

Rubber insulated conduetors. . ________.. . ______________ Sec. 18--310, 13-3102, 13-93101
mabs_. .. _._____ . _______ .- 15-28238

1020
. Bee, 13-560

S
Sag______..__ __(Def.} 1020
Seope of eode_______. ... . C e 1000
for utilization equipment. . _ .. ________._. _______. .. .. Bee, 13-0n
Sealable equipment . ______ | (Del.) 1020
Sealing conduit, hazardous Iocations. ... ______ -..- 13-h015

Sealing laterals__ __ .. _______ . _______ . ________. . 13-2314
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Order No.
Seconduries, .
groumidimg of oo ——— 13-2514, 132523, 13-2525
instrument trangformers. .. ____________ o i i AL
Separation and barriers________________ e B 13-1102
Separation of, (see also clearances) bare parte - 18-1102
Series cireuits_ SRS e | o 1
isolation of ¥ e e e T O S 18-7104
Series lamps._______ SRS e cm oo sema o 18~4205; 183-7104
L T T SRR ----(Del.) 1020
BRI s aR TR s T crie s .(Def.) 1020
eonduetor. . ... ... e ----(Del.) 1020
conduit, grounding.. ... ______________ __ s T -- 13-2582
diseormeet means___________ _____ 13-2851, 18-2388, 13-2389,
13-4408

drops (cabled) ______ __ e e (Dof.) 1020, 13-2308, 13-2304,
13-2821, 13-2322, 13-2421,
13-2324, 18-2325

emargenay Nght. .- . .. . o . .- 13.9011,18-7033

enclosures. ... ... S S -.--- 13-2381

entrance conductors.__ ____ coc—mn----(Del) 1020, 13-2331

equipment- . ool oo oo EHERSE ----(Def.) 1020, 13-2351, 13-2371, 13-2375

extra for theaters_____________ AF -~ 13-5202, See. 13-700

. _ - 13-2321, 13-2322, 13-2323,
13-2824, 13-2325

from main to building overhead______ _____

fugem___________ _______ e ----- 13-2371, 13-2372, 13-2373,
13-2874, 13-2875

general . _____________ I i S S 13-2301

ground size ... __ e = . 13-2593, 13259

hazardous locations. A cizecmcoo-_- Bae. 18-600

—=co== 132387

——--.. 13-2389, 13-2390

meter location_________ o = —mmaa— 182875,

on exterior of building_._______ Rt e e e g -- 13-2331, 13-2332, 13-2333,
13-2834, 13-2335, 13-23386,
13-2837, 13-2338, 132339

overcurrent prolection. . ______ _____ csesca 13-28T71

over600 volts__ ____.______ _______ weomm----- 18-2386, 112387, 13-2388,
13-2389, 13-2390

PIDaE e e el e (Del.) 1020

rACOWAY - oo - e 1 B i 1]

use of switches on wemmmmmecco—a--._.- 13-2851, 132352, 13-2354,
18-2355, 13-2356, 18-2357

Serviee-entrance conductors. __ . __ Xyl m S 13-2303, 13-2304, 13-2305,

13-2331, 13-2336, 13-2387,
Sec. 13-338

Bervice stations__________ e e e e S e DA AL
31| L - -(Def.) 1020
Shielding equipment from deterioraling agencies________ -. 13-4308
AL . L
o3, R S s —cimneaau(DeE): 1020
Show window..___.________ e mmcememmsemiaccscceme--o. Bee. 13-100, 13-2116, 13-2203,
18-4005, 18-4114
Shunting water meters._._______________..___.__.______ 13-2612
Signal systems._____________ ceee—. Seec. 13-725
communieation_________ e~ Sec. 13-800
aleviiter cacisicmeing -- 13-6202, 13-6216, 13-6232
remotaieontol. . ______________ o et e o OB LHTRE
Signs and outline lighting__ ________ T o _. .. Sec. 13-600
eontrolof o S mmmnmo oo —n e - 13-6002, 13-6003, 13-8004
electrodes . _ - s e R e 1 SRS
enclosayves. .. ___ ... ___ .. e o e e e 13-6008, 18-6037
gas tube_____ e o P S oE I SU RNy < (o e | a7 | U]
13-6005

grounding. . _ e RSP P

ELECTRICAL Ol IE—INDEX 3

Order Nao,

marking- oo ... .. -—-. 13-6007, 13-6036

overcurrent protection.____.______ S - 13-6006
switches.______________ T eem e eem—eaolo. 13-6002, 18-6008, 18-8085
transformers__________ e R ——m--——_. 18-6082
wiring, 600 volts or less. _____ e = == 136021
wiring above 600 volts.____ e T |

Silos, lightning protection for_ e e -- 1621

Size of,
artificial grounds._________ ___ e O, ¢ 10 -
conduit required __ memmmesememee oo ... Tuablea 4, 5, 9 and 11
ground conduetor. .. _____ ) R GRS -~ 13-2593, 13-2594, 18-2595,

13-2596, 13-2597

grounding pipe.._...__ _______ L -—---=.. 18-2594, 18-2595
interconnecting wires_ . ...._______ = e AR
lightning arvrester ground comnecbion_____ 13-2631

Slow-burning woather proof wire__ —— .. 13-3102, 15-98101

Slow-burning wire_____________ S e e 13-8102. 13-98101

Smoke stacks, lightning protection for.___ -e—--— Scc. 164

Snap switches__ ________ i SE I B e -—-e------ 13-3809, 13-3810, 13-3814

Sockets (soe lampholders)____ = Ra—— ~—e———- Bec. 13-410

Solderless connectors__ . ___ e C R P s S

Sound recording and reproduction___ e . See. 13-640

Source of energy for Organs___ S ---- 13-6502

Span length.____ SEsmmmmmmmenewsesenana o= - (Defl) 1020

Special,
electrical eflects.________ e e e -- 13-5254
permission____________ e eme - (Def.) 1020
switchea_________ TS S SR --—_- 13-3805

Speed control..__.________ ¥E SR ——mmemeo-.. 134888

Speed limit, motors..____ et e ceee oo 18-4589

Spires, lightning protection of_ B 1620

Splices, and joints in wires_ e L -------- 13-1118, 13-2305, 13-3005,

13-3546, 13-3565, 13-3625,
13-8748, 13-4004, 18-4149
Speayboothe - e 13-5003
Stage, assembly halls, ete..________ ___ —cremrceao . Spe. 18-520
Starters, (see also controllers) eurs, erancs and elevator

D0 A SR S SEEEEES --- 18-4381 to 13-4387, incl.,
13-6181, 13-6241
motor control . ______ S oEEe ~—===——e oo ... 13-4381 to 13-4387
statie condenser__________ . e oo See. 13-460
Station, electrical o L S S -(Def) 1020
Statutes affecting electrical construction_ ______ ——vee--na Pages 9, 10 & 11
Steeples, lightning proteclion for__________ == 16290
Stopping devices, for cars, cranes and elevators___________ 136134, 13-6242
Storage, about switchboards.____ e siEinan e AN-S8RE
Storage batterfes. TTTTTeesiem——eo—oooooo__ See. 13-480, 18-5085, 13-6406,
13-7011, 13-7209
conductors_______ SRt s TSP --- 13-4803
installation of ____ e T memmmmeeeeeo—.o ... 1B-48083, 18-4804, 13-4805
insulationof ___________ - -=----—- 13-4804, 13-4805
Toomeg. oo S o e e 134807
ventilation. ______ = — —--=-- 183-4807
Stranded wires (conductors) . = e i e -- 18-3104
Structure conflict______ B e s ----{Def.) 1020

Substantial ________
Substations (see station a)

..... S — D TS 11

over 600 volts____________ gm0 T L .- 13-T112, 13-7135, 18-7163
Substitution for regular conductors .. __.____ . -- 18161
Suddenly moving parts, proteetion from.________ 18-2441
Supply equipment -—---\Del.) 1020
Bupply Hnes; leetedoal .. . " (Def.) 1020

S, (Def.) 1020
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Suppuorts,
batbery . ..o Lo .
Surface metal raceways. O
Surge protection___._._. . ________ S,
SWibel e o e o e e (Def.)
Switchboards and panelbnards ,,,,,,, el ___(Def)
accessibility of . oo
bare parts_.______ . U R -
clearanees__ ..o e N

BATHERS . .
grounding - ._ . ______ .. R
instruments_ ____ . .__
protection__.____.___
lecation. . ... _._.

portable in theatres__. .

apaces around _ _ ..o 13-3854, 133855

theater o e e e - 13-5221

WIrIng 0N oo 13-3843, 133856

Switehes e e e _{Def.) 1020, Sec. 13-380, 13-1115

aceessibility . .___ _ 18-3808

accidental operati . 13-8806

ahead of fuses_ ..o~ . . 13-2440

appliance_ ____.___ I e _._ 13-4241

arrangement of . . oo 13-3808

blades dead ... __.. . M e—e—_—--_. 1B-3807

eapaeity of e .. 13-3813, 13-6138

cireuit-breaker .. ... il 13-B811

connection of .- o ____._ e 13-3802, 13-3807, 13-03845

comsbruetion of oo oo oo 13-93801.

eranes and holsts.. .o 13-6131

elevator.____ I 13-8241

emergency 11ghtmg__ [ [, I 13-7031

enclosed__ . ___ .- _. [, 13-2856, 13-8503

externally eperable. .. _ 18-2856, 13-3803

garages. . [ PR 13-51083, 13-6242

general USe . .o oo {Def.) 1020, 18-3813, 13-4383, 13-4402

prounding e 13-3812

SnddetIng - a o e e 13-2355

in grounding eonductors . . oeoouiaoomoe- 132599, 13-3801

ASOAEINE - e 18-2390, 13-2826, 13-4402,
13-7137, 13-7188

T oo e e Sec, 18-880, 13-3813

Mot o _ 13-6184, 13-6242

locking or blecking of__.,,‘ I, .~ 13-3806

marking . - - e ... 13-93801

molor cireuit.__.__. - ___(Det)y 1020, 134388, 13-4402

mounting of snap___..-- ..~ 183810

number of poles required. . _____._ e 13-2007, 19-3801, 13-4334,
13-4407

on switchboards____ . _____ . . ___ [ ___ 13-3842

open knife______._____ U e ce-..- 13-88138

over GO0 volts_ _ . _ .o ___. e I I 18-7131, 18-7136, L3-7137

plates to he insulaled. ... T I . 13-3809

poles, number required. ... ___ 13-2007, 13-3801, 13-4384

pogition and connection, knife_ . . _ .. 13-3804, 13-3885

rating__ ___ e 13-5818, 13-3814

serviee__ . _____ PO o ___.__ 18-23b1, 15-2357, 132338,
13-2390

signs and outline lighting__. .. _. e meee _ 15-6002, 12-6008, 18-6035

simultaneous opening_ - ____._ - . - e 13-2971, 13-2409, 13-4328,

Order No.

13-4806

Sec. 13-852, 13-98521

13-5053

1024

1020, Sec. 13-384, 13-93841

13-3861

13-2851

15-1112, 13-8854, 13-3856,
13-7161

- 13-5108

13-3858, 13-3859

13-3859

13-3857, 1358843

13-3861, 18-3852, 13-3858,
13-3854

- 13-5291

13-4423, 15-6131

ELECTRICAL COLE—LNDIX 881
Order No.
snup switches, vating___________________________._ _._ 13-3814
speeial types, time and sign flaghors. . _ 13-38045

threeway . L _______. e 18-3802
Bwitches and cu'cml. brealors,

aecessibility of .___ Py £: B 121112

hazardous localions. [ o —aoo- Bee- 13-500

identafieation_ - _________.______. . _..- 13-93801

indication of position_____.. [ . 132355

location__ o.-.- 13-23851

manual vperation_ _____ e e mmmee e oo .. 13-2354, 13-2392

number of poles reguired ... o . ..___._.___ 18-2007, 13-3801, 14-4384,
. 183-4407
Switehgear, metal enclosed . ________ ________________ __. 13-2389
Synthetic insulated conductora______ . ______ 132-3102, 13-853101
System grounding conductor __.___._ _ 182891

Sysiems and voltages of over 600 volts __
capacitors

Sec. 13-710
- - Bec. 13460

control ____ - 13-7131
oleetrie discharge. . . See. 13-410
furnace rooms, transformers in_____._ .. ___.___________ 13-4523

gas-tube systems__ . - .- Sec. 13680
grounding . _______.__..___ e 137171

guarding live parts_ . __._____. [P £ P 5 |

injury [rom fuses____ me Lo 187141

insulation and interrupting ("IIJA.LILY el __ 131103

mobors. Lo i Sec. 13-430, 134421
outdeor substations. .. 18-4524

outside supply conductors_ See. 13-730

rooms to belocked .. _______ ... ___._______._._ 13-T163
series are lighting__ : . 18-T104
sorviee equipment_ o __ . . .. _________._.___. 13-2386
shielding conduetors_._.____. e mme__ . 13-7171
switches__ .. ________ . . oL 13-T131 to 13-T138
transiormetd and ﬂ])pd.l‘dl-ll.‘s ______ P oo See. 18450
transformer vaults ..~ SR 13-4541
WHFNE SIgNS. - oo oo 13-T188
wirlng____ . o ____.. [T . 187111
X-ray and high frequency apparatus See. 13-660

Systems under 50 volts (see izolated plants)

T

Tables__ . ___________ e cccie e e e = - Chapter 10
current-carrying cupauty conductors, raceway_______._. Table 1
current-carrying capacity conduetels, open work________ Table 2

current-earrying capacity of flexible eords and fixture wire . Table 3
number of conductors in conduit or tubing: Types RF-32,

R, RH, RU, RUF, RUW, RW, T, TF, TW._________ Table 4
iypes RL, RHL____. el —..- Table b
types RF-82, R, RH, RU, RUW, RW, T, 1F, TW more

than nine wires__ . ______.____ . ._____ cmieacaeo- Table 9
combinations of conduetors_._______._________. _._._. Tablell
per cent area of condult or tubing__ .. _______ Table 12

dimensions of conductors:
types RI-32, R, RH, RW, RU, RUF, RUW, T, T, TW Tuble 13
types RL, RUL, RHL, (lead covered) - _____________. Table 16
types AVA, AVB, AVL.____._._ [, Table 17
properties of eonductors._________ - Lo .. Tuble 18
dimensiong of conduit and tubing Table 14
maolats:

eonductor sizes, overeurrent protection. ... ._________ Table 20
fuli-load eurrent, direet current________.____._._._._ Table2l
fuli-load eurrent, single-phase. .. _____._.__._ Tabhle 22

fuli-load current, two-phase_ ... . e Table 23
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full-load current, three-phage__ . ____ .. __ ______
motor branch cireuit protection, code letters._ ___ ___
motor branch cireuit protection, no code letters__ . ____

overcurrent units for protection of cirewits______________
demand factors for household ranges.____________ _____
capacitor ratings, motors. _________ AR S
fexible cords__________ By 4 e -
Isolation by elevation, over 600 volts____ _ E
working space, over 800 volts_________ _____________
dimensions of cartirdge fuses__ _______________________
L SRS PCEPRE OB A1 4
Topmgendawnd joints.... ... - . . - . -
"Lépn, braneh dlvesits - coccicanewe s e o e
L R o o =2
Technical advisors. . ______________ e e e

Telephone and telegraph (see communieation)
Temperatures,
protection againgt exceasive

Temporary installations____ __

waiver for. oo oo .
TEOIRIORL. ot o e iy
Terminals, wire. ____________

AR IR s e SIS
Testing

L e | e e e
Theaters and motion picture houses____ . _________ _____

border cables.__.________ = S

border lights_______
damper control . ______
dimmers______________________
dressing rooms_ ... _______
empteasevilighte... o e e
R IR o e T R S
Mook IbEE oo e L e
d e iby T e e R ey A R e L R
Tights on BCBOBI P cosricssanae it bin s oo sicsuss
motion pictuie booths__ _
portable, are lamps____
conductors_ ___
plugging boxes.
BEEADR oo os i o
portable switehboard__. - _
Rervicen. - oo ’
special electrical effects_ _ ___________ ___________ S
stage awitchboard______ s
string or festoon lights_ . _____ e e e SR e e
awitchboard, guarding of - oo oo oo ciiiaia_.
i e e e T
Therapeutic equipment_ ____._____
Thermal cut-outsand relays. ... __ _ _____ . . ___.__
Tolally-enclosed motor_ . _____ i R i P (Def.)
Trailers, wiring of . ________________
Bl T RO B SO ENT e ST L WP Sy
LTS T T L
TLa e by PO R S S S
EORAIOORIGH, = e e e
(17, g+ e L ol S e S e
electrindigchorge: - - oo o oo oo oo o - oo
groonding eage. - s ousno i S s s S Eaes
guarding________ B
hazardous locationa_____ . ; -
in electric furnace roome_____________________________

Order No.
Table 24
Table 26
Table 27
Table 28
Table 29
Table 30
Table 31
Table 32

- Table 33

Table 34
1020
13-1118

- 18-2121

13-2434, 13-4343, 13-4348
Page 8

13-4234, 13-4303

1018

1013

1020

18-1117, 13-2008, 13-4009
13-2008

13-2584

1013

See, 183-520
13-5243

135282

13-5247

13-6225

13-5261

13-5202

13-7008
13-5242, 13-5281
13-2548, 13-56271
13-5252

18-5433
13-5261, 13-5284
13-5256

- 13-5H286

13-5285
13-5291 to 13-5293
13-5202
13-5254
13-5221
13-625638
13-5293

. 13-5211

Sec. 13-665

13-2404, 13-2440, 134330
1020

Sec. 13-690

Sec. 13450

13-4522

13-2003

13-94501

18-4521

13-4194

13-4516

13-4515

13-6012, 13-5052, 13-5072
18-4523

ELECTRICAL CODRE-—INDEX 383
Order No.
location.__..____ e e .- 13-4511, 13-4641
nameplate._____.__________ _ - cmem 13-4517
il Aled. oo e - . 13-4523
overcurrent proteetion. .. ____ __ ——o——— 134512

e ._____13—4514

parallel operation__
secondary ties_ ___ e ---- 18.4513
I o e s e TR e S 13--7283
sign and outline lighting . = ... 18-6032
vaalbsder.. - o oo ST .. 134541
with capaeitors. . ... ___. . . ... .- oeo——- 13-4604
ST e N e e s e e S R See. 13-660
Trees, lightning protection of ... . . _._..__...______. 1852
Transmitting station_______.__.____________ isaEmasEeTE Sec. 13-810
Trolley systems, as a sourcee of light and power___________ 13-1111
Trolley wires in privateplants________________ _ See. 13-615
Tubes and bushings. ____.___ _____ -- 13-3246
e T e e e e e S 13-3206, 13-3244, 13-324h
1L o A N . 1 50 G
U
Underfloor raceways. ______ e e e e Sec, 13-354
Underground
conductors (see conductors) . _____________________ - 18-2308, 18-3019, 13-3102,
13-8342
T L O S 132311 to 13-2314
Underplaster extensions. ... _ ... .- . ___._______ Sec. 13-344
Under voltage protection (see low voltage protection)
Uniformity with existing construction______ - 1013
Urban distriets__________ FRRRURPPOU RS i - iy e (/)
Use of
approved material and eonstruetion methoda___________ 1011
flexible cord._______ P L S Bee. 18-400
overcurrent protection deviees________ _ _______ _ _ _ See, 18-240
Utilization equipment__________ s s eIy 1020
construetion, installation and muintenance of . . _ Part 3
Y
Vapor lamps, mereury___________ PSRRI | =~ |4 | (T
Vapor-tight_________ SR (. {7 5 6 .. W b1 =% 5 | f |
Varnished cambric covered wive_ _______ . 18-3102, 13-93101
Vault, transformer_________________________ cea--(Del) 1020, 13-4541 to 13-4548
Ventilated .. _________ ... (Def.) 1020
Ventilating duets, wires in_____ . = _- 13-3020
Veutilation of battery rooms __________ Z---- 13-4B0T
Vertical conductor (see also conductors) ______ ---.-(Def.) 1020
T O G e SN (Def.) 1020, 13-1107, 13-2118, 13-3002
electric discharge fixtures...____._____ __.._______ oo 134188, 13-4194
Voltagedrop_ ... _____ e e e e 13-2202, 134312, Tables 1 & 2,
Note 8
w
Waivingorders_ ... ___________ _________________ . 1018A
Water pipe eonnections_ ... _________________ e — 13-2612
Water pipegrounds__________________ e P e 13-2581
O e e D (Del.) 1020
Water systems, grounding to O L S LB e | = 1
e N S R _(Def.) 1020
Water towers, lightning pro Zomaie o BRT

Watts pevagofte. oo e L - S eee-: 13-2208
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Westthmeprool .. . - TR =
CRBOF -« » —en mm — S
inmulation. .- . -

Woldors. - e
eonductor sizes
controllors ...~ .
diggomneeling moans.. .- ---
motor-geterntor welders.
namin plate. - =P
oyorearrenl P utml,lou -
realptance welders - .- -—
tranaformer nre wilders.

Waell caging, grounding - —-

Wet looations (seo damp locations:

Wires, (see Conductors)

Wire terminala; aplires und jainta. -

Wirnways - - S
Wiking, baltory rovms - «eo-o—
gHrages . - - i
in elevator halsbwnys 4 =
mEHOAR . - e e e mm
armored enl e

auxilinry guiters.. - T
bare conduntor fecders. -
DUBWRYF- - -« oo

collular mr-tul flaor rm'l‘wuvs

condnit work . . - — s
slentelenl metallie tabing.
fiaxible rietal conduit

TOLUME 2-—INDEX

(Del.)

. See.

lirpuid tight Nexibie conduit, - - P— =

knob and tuke worlk, canemmlod
nan-metullin sheathed enlin. -
non-metaliie surfsee axlonaions
non-matailie waterproof wiringg.

apen WM. -« - «e- b

avor B00 volta. . ceee oo -
recagnized mothods - —
sipvies entramee eahle. -
auirfaee metal Mmeewsys -
underfloor fneeways. . -
undorplastor extensions - =
\VI\'EW[IVH —— e

motion pletme nludlua_ =S

on switeliboards, arrngement_ .
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