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BEFORE THE
RAILROAD COMMISSION OF WISCONSIN

[U.~2776]

In the Matter of the Revision by the Commission of the Rules a._nd
Regulations Governing the Construction, Operation, and Main-
fenance of Lines and Equipment Owned, Managed, Operated, or
Controlled by Every Public Utility and Bvery Railroad Along or
Across any Public Highway or Private Right of Way over w_hlch
Tlectrical Energy is Transmitted, or ‘Messages are Transmitted
or Conveyed.

WHEREAS, An investigation has been condueted by the Engi-
neering Department of the Railroad Commission jointly with
the Industrial Commission, involving the revision of the stand-
ards of safe electrical construetion and operation, and

Waereas, All railroads and public utilities under the juris-
diction of this Commission and subject to the requirements of
Section 1797m—1020 of the Statutes have had proper and reason-
able notice of the hearing held in connection with the aforesaid
investigation, and

WarrnAs, As a rvesult of sueh hearing and investigation cer-
tain changes in, and additions to, the Wisconsin State Electrical
Code have been adopted and promulgated by the Industrial
(lommission of Wisconsin ds their General Orders Nos. 1000 to
1499, inclusive, effective August 27, 1924 ;

Ir Ts Taorerore OrpErED, That all railroads and public
utilities subjeet to the jurisdiction of this Commission and sub-
jeet to the requirements of Section 1797m—1020 be, and they are
hereby, required to observe and conform to the standards of
construction, maintenance, and rules of operation as established
by the Wisconsin State Electrical Code adopted by the Indus-
trial Commission, copy of which is hereto attached.

It Is Forrmer OrperEp, That all railroads and public util-
ities subject to the jurisdietion of this Commission, be, and are
hereby, required to submit to this Commission full information
regarding the construction and location (with map) of all lines
4o be built in the future and deseribed as follows :

Tlectrie supply lines, of a voltage of nominally 2300 volts
or over between a phase wire and ground or between phasge wires.
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.Elf.actric su}::ply lines, the voltage of which is raised, and when
this Inerease in voltage requires a change in the separation of
thfa wires and clearance, between wires and ground or rails at
railroad crossings. ' '

Signal lines, where the construction will produce confliets

(not crossings) between these lines and supply line already
construeted.

Hxceptions

Lines wh‘ic]% are a part of a distribution system within the
corporate limits of a city or village, or in communities with

similar density of population, are exempted from this order.
(See, Note, below.) ’

._This orde‘zr lwill supersede and take the place of the order of
this QOmm15310n With reference to standards for the safe con-
struction and operation of electric systems, decided September
12, 1922, ‘

19]2)4ated at Madison, Wisconsin, this 12th day of September

RAILROAD COMMISSION OF WISCONSIN.

Lewrs B. Gerrre, Chatrman
ApoLrm KANNERBERG
A. R. McDonarLp

Commassioners

NoTeE.—To facilitate the filing of the ab i ion,
. ! C ove informat.
gﬂésgehlilféls;eéitg% t}ilﬁl %c)mrglssiém in duplicate ailiaoolif ]ﬁggﬁcili‘ﬂls
) e filled out and sent to the Commissi :
these forms will be returned for filing b S on. Oae N
hese 1 ¥ the utility if th
tion is satisfactory; if not, both will ?)% ot e i o
: H s returned i
code pointed out; when amended, specifications :Zl.:gl %ovllicgegllggiﬂ.s 94, he




WISCONSIN STATE ELECTRICAL CODE

INTRODUCTION

By Sections 101.1 to 101.31 inclusive, it is the duty of the
Tndustrial Commission to fix standards of safety in all places
of employment and to formulate rules and regulations rela-
tive to the enforcement of such standards. It is further the
duty of the Industrial (Commission to fix similar standards

“and formulate rules and regulations relating to fire hazards

or to the prevention of fires in puildings so situated as to
endanger other buildings or property. In performance of the

first duty the Industrial Commission issued an Electrical Safety
Code July 1, 1917, and in performance of the second duty has
regulated interior wiring by means of General Orders 5225
and 6037.

By 1919 it had become apparent that revisions in the Elec-
trical Safety Code were necessary, and at the same time the
decision had been reached, that since gafety and fire prevention
are inextricably interwoven, the safety and fire prevention re-
quirements should be combined in a single Electrical Code.
With this end in view, the various organizations which it was
thought would be interested in assisting in formulating such
a code were requested to name representatives to serve on an
Advisory Committee. In this way the following committee
was named:

C. B. Hayden, Madison, Chairman of Committee, Railroad Commis-
sion of Wisconsin. ) s

John A. Hoeveler, Madison, Secretary of Committee, Industrial
Commission of Wisconsin.

Dr. M. G. Lloyd, Washington, D. C., U. 8. Bureau of Standards.
* Thomas Broughton, Madison, Wisconsin Compensation Rating and
Inspection Bureau. .
George E. Cooper, West Allis, Wisconsin Manufacturers’ Assocla-
tion. é
Joseph Koetting, ‘Wisconsin Federation of Labor.
A. J. Goedjen, Milwaukee, Wisconsin Utilities Association.
Paul C. Burrill, Milwaukee, State ‘Association of Electrical Con-
tractors and Dealers.

Frank R. Daniel, Milwaukee, Wisconsin Inspection Bureau.

. H. Runkel, Portage, State Telephone Association.

W. D. Hobbins, Milwaukee, Wisconsin Telephone Company.

T. E. Barnum, Milwaukee, Plectrical Utilization Equipment Manu-
facturers.

Wm. A. Haig, Milwaukee, Milwaukee Building Inspection Dept.

J. E. Florin, Madison, Industrial Commission of Wisconsin.

A. C. Froderman, Milwaukee, Electrical Contractors and Dealers
Association of Milwaukee.
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As in the case of the Electrical Safety Code adopted in 1917
the Il’}dl.lStI‘ia.l Commission acted jointly with the Railroadi
Commission, which by Section 1797m—1020 of the statutes is
empowered to make and enforce rules and standards to safe-
gt}ard the public and to prevent serviece interference in elec-
trlcfﬂ congtruction and operations. This action was taken to
avoid duplication by the two Commissions.

T‘his committee began its work in December, 1919, and
periodically held meetings during the remainder of that year
arfd the following years of 1920 and 1921. To assist the com-
mittee in its work, a number of technical experts were called
upon to consult with the committee in connection with various
portions of the code. The persons consulted were as follows:

G. C. Neff, Madi i i i

G ¥ ﬁ:;‘igeg;ﬁf}?aﬁii‘éfnvvﬂﬁclgﬁé“{i”’ﬁfegélﬁoﬁeﬂéfiﬁ%?a’“"

A. M. Perrir, Chicigow‘?%itﬁ;nt]]giﬁ? Te%grap_h T

G. G. Post, Milwaukee, Milwaukee eeiric Baiiway & Li

ailway & Light Co.

In January, 1922, the committee presented a draft of the
p.roposed ‘Wisconsin State Electrical Code to the two commis-
sions, and on March 1st and 2nd public hearings were held in

the State Capitol at Madison on the code by the two commis-

sions jointly. A mumber of suggestions for modifying these
orders were made at these hearings; all of the suggestions
were given full consideration and thoroughly discussed by ﬂle
Advisory Committee, subsequent to the hearings. Most of
t'h'ese suggestions were considered as very good by the com-
mittee and were approved.

A final meeting of the Advisory Committee was held May
2nd, at which the proposed Electrical Code, modified in ae-
cordfmee with various suggestions reeeived at the publie
hearings, was unanimously approved by the committee and
recommended for adoption to the two commissions,

The code as presented by the Advisory Committee is based
upon the two excellent national codes, i. e., National Eleetrical
Cjode of the National Board of Fire Underwriters and the Na-
tional Eleetrical Safety Code of the U. 8. Burean of Stand-
ar.ds. Valuable suggestions were also obtained from the Elee-
trical Code of the city of Chicago.

, On June 5, 1922, the Industrial Commission, pursuant to Sec-
tions 101.1 to 101.31 inclugive of the statutes, repealed the
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Tlectrical Safety Code issued and offective since July 1, 1917,
and eomprising general orders 1000 to 1390 inclusive. On
the same day the commission adopted the @General Orders, pub-
lished hereinafter (1000 to 1499 inclusive) and collectively
known as the Wisconsin State Tlectrical Code, pursuant to the
same section of the statutes. On August 14, 1922, these gen-
eral orders were published in the official state paper and be-
came effective on September 13, 1922.

By September, 1923, the first edition of the Wisconsin State
Tlectrical Code had beeome exhausted. Experience in en-
forcement had brought to light vagueness in some of the or-
ders, inconsistencies in others and some matters of importance
were not covered at all. Moreover, some meritorious new
equipment had been developed in the meantime which would
be barred by the code as then in effect. Study of the utility
of this new equipment showed that an actual gain in safety
might be secured with its use and at the same time eleetrical
installations echeapened. .

Hence the Advisory Committee was again called together to
consider the matter of revising the eode before the publishing
of the second edition. The changes proposed by the Advisory
Committee as a result of its deliberations, were published in
pamphlet form and a public hearing was held in the City Hall
at Milwankee on April 16, 1924, at which all interested persons
were given the opportunity to present suggestions and criti-
cisms not only of the Clommittee recommendations but also any
other portions of the code. All suggestions and eriticisms elicited
at the public hearing were referred to the Advisory Committee
for further study. This Committee on May 2, 1924, made a
unanimous report to the two commissions and the gecond edition
of the code has been modified in accordance with these recom-
mendations. .

On July 14, 1924, the Tndustrial Commission, pursuant to
Sections 101.01 to 101.31, inelusive, of the statutes, repealed
Orders 1020—3, 1031—D, 1034—a, 1035—a, 1036—a, 1101, 1121,
1142—b, 1142—e, 1217—e, 1218—e, 1220—a, 1228—¢, 1228—d,
1928—£, 1295—a, 1295—¢, 1295—d, 1295—e, 1295—f, 1295—h,
1995—j, 1296—a, 1297—a, 1297—h, 1297—c¢, 1297—d, 1299,
1301, 1310—a, 1310—Db, 1312, 1313—Db, 1313, 1314, 1320,
1321—b, 1324, 1330, 1331—a, 1331—b, 1340—a, 1341—a,
1841—f, 1343—h, 1343—Kk, 1346—h, 1346—e, 1346—d, 1346—f,
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1346—k, 1350—a, 1350—b, 1350—d, 1350£, 1850—%, 1351—a,
1351—d, 1351—f, 1351—g, 1352—D, 1353, 1354—h, 1355—d,
1356—a, 1357—¢g, 1857—h, 1358—Db-1, 1360, 1361, 1362, 1378—=¢,
1378—e, 1378—f, 1378—g, 1382, 1391—b, 1391—e, 1391—i. On
the same date and pursuant to the same sections of the statutes,
the Tndustrial Commission adopted the following general orders
to take the place of those repealed:

1020—3, 1031—h, 1034—a, 1035—a, 1036—a, 1101, 1121, 1142—D,
1142—¢, 1217—e, 1218—c, 1220—a, 1228—c¢, 1228—d, 12281,
1295—a, 1295—e¢, 1295—d, 1295—e, 1295—£, 1295—h, 12956—],
1296—a, 1297—a, 1297—Dh, 1297—e, 1297—d, 1299, 1301,
1310—a, 1310—b, 1812, 1313—D, 1318—e, 1314, 1320, 1321,
1324, 1330—d, 1331—a, 1331—D, 1334, 1340—a, 1341—a, 1341 —4£,
1343—h, 1343—k, 1346—b, 1346—c, 1346—d, 1346—f£, 1346k,
1346—m, 1350—a, 1350—b, 1350, 1850—fF, 13501k, 1351—a,
1351—d, 1351—fF, 1351—g, 1352—h, 1353, 1354—b, 1356—d,
1356—a, 1357—g, 1357—h, 1358—b-1, 1360, 1361, 1362, 1378—e,
1378—c, 1378—F, 1382, 1384, 1391—b, 1391 —e, 1391—i. The
official publication of this aetion of the Imdustrial Commission
took place in the official state paper on July 28, 1924, and hence
beeame effective thirty days later, namely August 27, 1924.

LOCAL ELECTRICAL BEGULATIONS

Yection 101.16 subsection 1 of the statutes provides that when
any orders of the Industrial Clommission 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 village or city to enact and enforce
additional or more stringent local regulations, provided the
same do not abridge or conflict with this eode or any other orders
of the Industrial Commission. A number of cities already require
inf}erior wiring to be done in conduit for a larger variety of
buildings than this code does, and where such is the case the
loeal regulation must be met. In other words, the State Elee-
trical Code sets forth the minimum construction requirements
for the entire state, but where local regulations are more strin-
gent, in whole or in part, the additional local requirements
must also be met.
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Liess stringent local regulations are held to be amended or
modified by similar orders of the Industrial Commission.

ENFORCEMENT

To avoid duplication of inspection, the enforcement of this
code has been divided between the Railroad Commission and In-
dustrial Commission as follows:

The Railroad Commission will inspeet the properties of publie

utilities, which in the main are covered by Parts 1, 2 and 4; the-

Industrial Commission and local inspection departments will
enforee Part 3, the requirements for utilization equipment, which
ineludes interior wiring and the installation of all current-con-
suming devices, sueh as lamps, motors and heating appliances.
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INTRODUCTORY PART

General Requirements, Definitions, Grounding Methods.
Order 1000. Scope of Code.

This code shall apply as a minimum safety and fire preven-
tion requirement for all electrical and signal equipment of
places of employment, public buildings, private buildings, and
overhead and underground electrical supply and signal lines
now or hereafter installed.

Exceptions: 1. Temporary construction may be used for a reason-
“able length of time if it is under competent supervision while it or
adjoining electrical 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.

2. Rooms which are used exclusively for routine or special electrical
test work and, therefore, are under the supervision of a qualified per-

son, need comply with this code only insofar as is practicable for the
character of testing dome.

SECTION 101. GENERAL REQUIREMENTS.

Order 1010. Character of Construction, Maintenance and
Operation.

All electrical equipment and lines shall be of such construe-
tion, and so installed, operated and maintained as to minimize
the life and fire hazard.

Note: In all electrical work conductors, however well insulated,

should be so installed that the possibility of a leakage from. c.(mductor
to eonductor, or between, conductor and ground will be a minimum.

Order 1011, Use of Approved Materials and Construction
Methods.

(a) Materials. No materials, employed in construction cov-
ered by this code, shall be used which have not been approved by
the Industrial Commission.
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Exception: Materials which comply with the construction details
of this code are hereby approved.

Note: It will be the policy of the Commission to approve materials,
devices and systems which are listed as standard by the underwriters’
laboratories. Therefore such listed materials may be used without
submitting them to the Commission, unless upon due notice any such
materials have been disapproved by the Commission and provided the
manner of use does not conflict with this code.

(b) Methods of Imstallation. No methods of installing elec-
trical materials or devices in eonstruction covered by this code
shall be used which are not approved by the Industrial Com-
mission.

Order 1012. Inspection and Repairs.

All construction shall be inspected from time to time, cleaned
when necessary, and if defective shall be promptly repaired or
permanently disconnected. (See also Orders 1201, 1202, 1203,
Section 120, Part 2.) )

Note: Repairs, additions and changes to electrical equipment and
conductors should be made by properly qualified persons only.
SECTION 102. DEFINITIONS OF SPECIAL TERMS.
Order 1020. Definitions.

The following definitions give the meanings of some of the

terms occurring in these orders ; terms not defined will be under-

stood to have their ecustomary meanings: ,

1. Alive or lve means elecirically connected to a source of
potential difference, or electrically charged so as to have a poten-
tial different from that of the earth. The term ‘‘live’’ is some-
times used in place of the term ‘‘current-carrying’’ where the
intent is clear, to avoid repetitions of the longer term.

9. Automatic means self-acting, operating by its own mechan-
ism when actuated by some impersonal influences as, for example,
a change in current strength. Not manual; without personal
intervention. TRemote control that requires personal interven-
tion is not automatie, but manual.

3. Circuit.

(a) In general means a conductor, or system of conductors

and connected equipment, designed to carry an electric current.

(b) Branch eireuit means that portion of a wiring system for
utilization equipment extending beyond the final set of fuses
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or circuit-breakers protecting it. The term outlet, when used
in eonneetion with orders preseribing the protection of branch

cirenits, means points on such cireuits at which current is taken -

to supply fixtures, lamps, heaters motors and current consuming
devices generally.

4. Climbing spuce means the vertical space reserved along
the side of a pole or supporting structure to permit ready access
for linemen to equipment and lines located thereon.

5. Conductor means a metallic conducting material, usually
in the form of a wire or eable, suitable for carrying an electric
current. In this eode when eonductors of the bus-bar type are
referred to, they will always be designated as bus-hars.

6. Condust. (See also Definition 11.)

(a) For underground work means a single duct or a group of
duets for underground conduetors,

(b) For utilization equipment means rigid metal pipe.

(¢) Flexible conduit means flexible metal tubing into which
the wires are drawn after the tubing has been installed. Ax-
mored cable is similar flexible metal tubing in which the con-
ductors have been inserted by the manufacturer.

7. Conflicting or tn Conflict, (as applied to a pole hne) means
that the line is so situated with respect to a second line (exeept
at crossings) that the overturning of the first line will result in
contact between its poles or conductors and the conduetors of

the second line, assuming that no conductors are broken in either
line: Provided, however, that lines on opposite sides of a high- '

way, street or alley are not considered as conflicting if separated
by a distance not less than 60 per cent of the height of the
taller pole line, but in no case less than 20 feet.

8. Current-Carrying Part means any part intended to be con-
neeted in or to an eleetric cireuit, upon which a voltage is im-
pressed. Nomcurrent-carrying parts are those not intended to
be so conmnected.

9. Dead refers to current-carrying parts which are free from
electrical charge (mot having a potential difference from that of
the earth).

10. Disconnector means a switch which is intended to open a
circuit only after the load has been thrown off by some other
means. (See also Definition 49.)

Note: Switches designed for opening loaded circuits are usually

" installed in cireuit with disconnecters, to provide a safe means for

opening the cireuit under load.
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11. Duet means (in underground work) a single tubular run-
way for underground cables. (See also Definition 6.)

12. Electrical Supply Equipment means equipment whick
produces, modifies, regulates, controls, or safeguards a supply
of electrical energy. Similar equipment, however, is not in-
cluded where used in conneetion with signaling systems under
the following conditions:

(a) Where the voltage does not exceed 150.

(b) Where the voltage is between 150 and 400 and the power
transmitted does not exceed 3 kilowatts, (For Definition of
Utilization Equipment, see 54.)

13. EBlectrical Supply Lines means 'those conductors and their
necessary supporting or containing struectures which are located
entirely outside of buildings and are used for transmitting a
supply of electrical energy. (See also Definition 47.)

Note: Does not include open wiring on buildings in yards or similar
locations where spans are less than 20 feet and all the precautions
required for stations or utilization equipment, as the case may be, are
observed.

14. Electrical Supply Station means any building, room, or
separate space within which is located electrical supply equip-
ment and which is accessible as a rule only to properly qualified
persons. (See also Definition 39.)

Note: (1) Supply stations accessible as a rule only to properly
qualified persons, must comply with Part 1 of this code. (2) Supply
stations accessible as a rule to other than properly qualified persons,
must comply with Part 3 of this code. (8) This includes generating
stations and substations, generator, storage battery, and transformer
rooms, and central stations of signaling systems, but excludes man-
holes and isolated transformer vaults on private premises. (See Defi-
nition 52.)

15. Explosion Proof (As applied to protective inclosures of
electrical equipment installed in locations where the presence of
inflammable gas makes the atmosphere explosive in character)
means that an inclosure is of such construetion that any explo-
sion of gas which may occur in the inelosure is localized and can-
not be transmitted to the exterior thereof. (See also Definition
22.) 7

16. HEzposed means that an object or deviee is not suitably
guarded or isolated and therefore can be inadvertently touched
or approached nearer than a safe distance by any person. (See
also Definition 25.)
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17. Grounded means connected to earth or to some extended
conducting body which serves instead of the earth, whether the
connection is intentional or accidental. (See also Definition 36.)

18. Grounded System means a system having a permanent.

and effective electrical conmection to earth. This ground con-
nection may be at one or more points. (See also Definition 36.)

Note: “Effective,” as herein used, means a connection to earth of
sufficiently low resistance and high current-carrying capacity to pre-
vent any eurrent in the ground wire from causing a harmful voltage
to exist between the grounded conductors and neighboring exposed
conducting surfaces which are in good contact with the earth, or with
neighboring sm‘_faces of the earth itself, under the most severe condi-
tions which are liable to arise in practice. i

19. Guarded means covered, shielded, fenced, enclosed, or
otherwise proteeted, by means of suitable covers, casings, bar-
rier rails or screens, or by means of mats, or platforms, to re-
move 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
also Definition 23.)

90. Handhole means an opening in an underground system
into whieh workmen reach but do not enter. :

91. Household Appliances means flatirons, washing machines,
toasters, pereolators, vibrators, heating pads and other portable
current consuming devices intended for use in the home and
similar places. ,

99, Inclosed means surrounded by a case which will prevent
accidental contact of a person with live parts. A solid inclosure
means one which will neither admit aceumulation of flyings or
dust, nor transmit sparks or flying particles to the accumula-
tions outside. (See also Definition 15.)

93 Insulated means separated from other eonducting sur-
faces by a dielectric substance or air space permanently offering
a liigh resistance to the passage of current and to disruptive dis-
charge through the substance or 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 means of making the conduc-
tors insulated.

94.  Insulation (when applied to a material or device such as
the covering of a conduetor or to clothing, guards, rods and other
safety devices) means that the material or device, when inter-
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posed between a person and current-carrying parts, protects the
person making use of it against electrie shoek from the eurrent-
carrying parts with which the device is intended to be used.
(The opposite of conducting.)

95. Isolated means that an object is not readily accessible to
persons unless special means for access are used. (See also
Definition 16.)

96. Isolation by Elevation means elevated sufficiently so that
persons may safely walk anderneath. (See also Definition 19.)

97. Lateral Conductor means, in pole wiring work, a wire or
cable extending in a general horizontal direction’ at an angle to
the general direction of the line conductors. (See also Definition
55.)

98 Lateral Working Space means the space reserved for
working between conduetor levels outside the climbing space,
and to its right and left.

99 Time Conductor means one of the wires or cables earrying
electric current, supported by poles, towers, or other structures, -

but not ineluding vertical or lateral connecting wires. (See

also Definition 55.)

90. Manhole. (More accurately termed splicing chamber or
cable vault) means an opening in an underground system which
workmen or others may enter for the purpose of installing
cables, transformers, junction boxes, and other devices, and for
making connections and tests. ’

31. Manual means operated by personal intervention.

39, Movable Equipment means electrical apparatus which is
heavier than portable equipment as defined below, but which,
nevertheless, is designed to be transported from place to place
for use; equipment which is stationary when in use, but is de-
signed for being transported from job to job. (See also Defini-
tion 38.) :

99 New Construction means all new electrical installations
and all repairs and renewals which constitute a substantial por-
tion of the installation or any substantial gubdivision thereof.

34. Open Lines means overhead lines not in conduits and con-
sisting of single conductors or of individual twisted pairs, as
opposed to multiple conductor cables. ) 7

35. Panelboard means a single panel containing busses, fuses,
and switches to control lights, fan motors, and similar devices
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usually of small individual as well as aggregate capacity, placed
in or against a wall or partition and accessible only from the
front.

36. Permanently Grounded means such an effective connec-
tion to the earth (by means of an underground system of metallic
pipe mains or other suitable means) as described in Definitions
17 and 18. :

37. Pole Face means that side of a pole on which erossarms
are attached, or which is so designated by the companies owning
or operating the pole.

38. Portable Equipment means small electrical apparatus
such as grinders, drills, ete., which are supplied with current
from a portable connection; apparatus which can be easily
moved about or lifted and is intended to be so handled when in
use; does not include household appliances as defined herein.
(See also Definition 32.)

39. Qualified means familiar with the construction and opera-

tion of the apparatus and the hazards involved. Responsibility

for the decision as to the qualifications of the employes rests
with the employer or his agent. (See also Definition 14.)

40. Raceway means any channel for loosely holding wires or

cables in interior work which is designed expressly and used

solely for this purpose. Raceways may be of metal, wood (un-
less specifically forbidden) or insulating material, and the term

" includes wooden and metal moldings consisting of a backing and

capping and also metal ducts into which wires are to be pulled.

41, Reconstruction means rebuilding or remodeling an exist-
ing installation, but does not include ordinary maintenance re-
placements. (Reconstruction of a substantial portion of an in-
stallation is New Construction.) (See also Definition 33.)

42, Rural Districts means all places not urhan, usually in the
country, but in some cases within city limits. (See also Defini-
tion 53.)

43. Scog——Apparent sag of @ span means the departure of the
wire in a given span from the straight line between the two
points of support of the span at 60° F., with no wind loading.
Where the two supports are at the same level this will be the
normal sag.

44, Sag—Apparent sag al any point means the departure of
the wire at the particular point in the span from the straight
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line between the two points of support of the span, at 60° F.,
with no wind loading.

45. Sag—Normal sag means the difference in elevation be-
tween the highest point of support of a span and the lowest
point of the conduetor in the span, at 60° F., with no wind load-
ing. '

46. Service means the connecting conductors by which a sup-
ply of electrical energy is carried from a supply line to main
switeh and fuses or ecireuit-breakers within the building or
premises served.

Note: This service is ordinarily divided into two parts, one extend-
ing from the supply lines to the building line and the other from the
building line to the main switch and fuses or circuit-breakers.

47, Signal Lines means lines for public or private signal or
communication service and devoted exclusively to the trans-
mission of signals or intelligence, which operate at not exceeding
400 volts to ground or 750 volts between any two points of the
cireuit, and the transmitted power of which does not exceed 150
watts. Below 150 volts no limit is placed on the capaecity of the
system. (See also Definition 13.)

Note: Telephone, telegraph, messenger-call, clock, fire or pohce
alarm, and other systems conforming with the above are included.
Lines used for signaling purposes, but not included under the above
definition, are considered as supply lines of the same voltage and are
to be so run. Signal lines not for public use coming under the above
definition may be constructed and operated as supply lines, if desired,
and if consistently so constructed and operated.

48. Substantial means so constructed and arranged as to be
of adequate strength and durability for the service to be per-
formed under the prevailing conditions.

49. Switch means a device for opening or closing or changing
the connection of a cireuit. In these rules, a switech will always
be understood to be manually operated, unless otherwise stated.
(See also Definition 31.)

50. Switchboard means a large single panel or assembly of
panels on which are mounted (partly on the face and partly on
the back) switches, fuses, busses and usually instruments, and
whieh are accessible both in front and in rear. Circuits and
machinery of relatively large capacity are controlled from such
boards.
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51. Tags mean tags or other markers of distinetive appeal-
ance, indicating that men are at work on the equipment or lines
so designated.

52. Transformer voulf means an isolated, fireproof ineclosure,
either above or below ground, in which transformers, and the
devices necessary for their operation, are installed and which
is not continuously under attendance during operation.

Note: Such isolated fire-proof inclosures should have not less than
a six-inch noncombustible sill at deorway and floor should be drained
to some convenient point outside building in which vault is ingtalled.

53. Urban Districts means thickly settled communities
(whether in cities or suburbs) where congested traffic often
oceurs. A highway even though in the country, on whieh traffie
is often very heavy, is considered as urban. (See a]so Defini-
tion 42.)

54, Utilization Equipment means equipment, devices, and
connected wiring, which utilize electrical energy for mechanieal,
chemical, heating, lighting, testing, or similar purposes and are
not a part of supply equipment, supply lines or signal lines.
(For Definition of Supply Equipment, see 12.)

55. TVertical Conductor means, in pole wiring work, a wire or
cable extending in an approximately vertical direction. (See
algo Definitions 27 and 29.) '

56. Voltage or Volts means the highest effective voltage be-
tween the conductors of the cireuit concerned, except that in
grounded multiwire cireuits, not exceeding 750 volts between the
outer eonductors, it means the highest effective voltage betweer
any wire of the eircuit and ground.

In ungrounded, low-voltage circuits, voltage fo gr ound means
the voltage of the cireuit.

When one cireuit is directly connected to another ecireuit of
higher voltage (as in the case of an autotransformer) both are
considered as of the higher voltage, unless the circuit of lower
voltage is permanently grounded. - ‘

Note: Direct conneetion implies electrical connection as distin-
guished from connection merely through electromagnetic or electro-
static induction. : i

57. Wire gages. The American wire gage (A. W. ), other-
wise known as Brown & Sharpe (B. & 8.), is the standard gage
for copper, aluminum, and other conductors, excepting steel, for
which the steel wire gage (Stl. W. G.), is used throughout these
rules. '
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SECTION. 103. METHODS OF PROTECTIVE GROUNDING.

Order 1030. General.

The following orders of this section apply to the grounding of
all lightning arresters, circuits, equipment and conduit, when the
grounding is required as a permanent and effective protective
measure by this code.

Exception: The following orders do not apply to the grounding of
arresters on signal circuits and radio equipment, to the grounded re-
turn of trolley or third-rail systems, nor to the grounding of lightning

protection wires where these are not connected to electrical cireuits
or equipment.

Note: The orders requiring grounding, in accordance with the
methods specified below, are included under Parts 1, 2, 3 and 4 of
this code.

Order 1081, Points of Attachment of Ground Conductors to
Parts Grounded.

(a) Direct-current Distribution Systems.

(1) In three-wire direct-current systems the ground connec-
tion shall be made on the neutral at one or more supply sta-
tions but not at individual services or within buildings served.,

(2) In two-wire direct-current systems the ground connection -
shall he made on one wire at one station only. '

v (b) Alternating-current Distribution Systems.

(1) In alternating-current distribution systems the ground
connection shall be made at the building service or near the
transformer (or transformers) either by direct ground connee-
tion through water-piping system or artificial ground (see
order 1033) or by the use of a system ground wire to which are
connected the ground conductors of many secondary mains, and
which is itself effectually grounded at intervals that will fulfill.
the resistance and current-carrying requirements of Order 1035.

(2) In single-phase, three-wire systems the ground connec-
tion shall be on the neutral conductor.

(3) In single-phase, two-wire systems the ground connection
shall be on the neutral point or on either conductor.

(4) In two-phase, three-wire systems, the ground conneection
shall be made to the conductor common to both phases. In two-
phase, four-wire systems, a ground connection shall be made
in the neutral point of each phase.
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(5) In three-phase, three-wire, delta systems, the ground con-
nection shall be made on one-phase conductor or on the neutral
point of one phase.

Note: The ground connection should be made to that point of the
system which will enable making connection to water pipe, rather
than artificial grounds. .

(6) In three-phase, three-wire or four-wire, star connecte
systems, the ground connection shall be made at the point com-
mon to all the phases. |

(7) In the absence of a direct ground connection at all build-
ing services, ground conneetions shall be made to the grounded
neutral or other grounded eonduetor of a secondary system
supplying more than one utilization equipment, at intervals .tha.t
will fulfill thée resistance and current-carrying requirements of
Order 1035.

(8) When the secondaries of transformers are supplying a
common set of mains, fuses if installed shall be located only at
such points as not to cause the loss of the ground connections
after any fuses in the transformer circuits or mains have been
blown.

(9) Alternating-current secondary circuits shall mot he
grounded inside buildings, except at the service entrance.

Note: In all cases, multiple grounds are preferable for alternating-
current distribution systems, because of the assurance provided
against loss of protection by the chance of diseconnection of one
ground connection.

(¢) Awoidance of Current Flow over Ground Conductor.

Grounds shall be so arranged that under normal conditions
of service there will be no objectionable flow of current over the
ground conductor. ¥

Note: Where the use of multiple grounds results in objectionable
flow of current over the ground conductors, one or more such multiple
grounds should be abandoned or the location changed.

(d) Lightning Arresters and Ground Detectors.

For lightning arresters and ground detectors the ground con-
nection shall be at such a point that the ground conductor is as
short and straight as praecticable.

(e) Hquipment and Conduit.

(1) For conduit, frames of generators, motors and transform-
ers, and other noncurrent-carrying metal parts of electrical
equipment, the point at which the ground conduector is attached
shall be accessible.
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(2) For conduit the ground conductor shall be attached near
the point where the conductors of the system receive their
supply. ‘

(3) If the conduit system is mechanically and electrieally con-
tinuous, or all disjoined parts are electrically bonded together,
a single ground on the service conduit will suffice.

Note: To insure electrical continuity of a conduit system, it is neec-
essary to securely fasten all conduit in outlet boxes, junction boxes
and cabinets, and to remove non-conducting protective coatings, such

as enamel, from threads on conduit and couplings and from surface
where approved ground elamp is fastened to conduit.

~ Order 1032. Ground Conductor.

(a) Material and Continuity.

(1) In all cases the ground conductor shall be of copper or.
other metal which will not eorrode excessively, and if practicable,
shall be without joint or splice. If joints are unavoidable they
shall be so made and maintained as to conform to the resistance
and current-carrying capacity requirements of Order 1035.

(2) In no case shall an automatic cut-out be inserted in the
ground conductor or connection, except in a ground connection
from equipment where its operation will result in the automatic
diseonnection from all sources of energy of the eircuit leads con-
nected to equipment so grounded. (See also Order 1031—b-6
and 1351—a-2.)

(3) No switeh shall be inserted in the ground conductor unless
it is in plain sight, and provided with distinetive marking and
effectively isolated from unqualified persons.

(b) Size and Capacity.

(1) The ground conductor or conductors for grounding eir-
cuits shall have a combined current-carrying capacity sufficient
to insure the continuity and continued effectiveness of the
ground connection under conditions of excess current, caused
by aceidental grounding of any normally ungrounded conductor
of the eircuit. No individual ground conductor for electrical
circuits shall have less current-carrying capacity than that of a
Number 6 A. W. G. copper wire, except that for additional
grounds after the first ground on any ecireunit, smaller ground
wires may be used, provided they have a conductance equivalent
to No. 10 A. W, G. copper wire.

(2) The ground conductors for a three-wire direct-current
system shall have a combined ecurrent-carrying capacity not
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smaller than the neutral eonduector to which they are attached
except that the eapacity need not be larger than the largest
feeder of the same system leaving the station.

(38) The ground conductors for alternating-current systems
shall have a combined eurrent-carrying capacity not less than
one-fitth that of the conductor to which they are attached, ex-
cept that they need not have a conduetance greater than that of
No. 0 A. W. G. copper wire.

(4) For lightning arresters the ground conductor or con-
ductors shall have a combined eurrent-carrying capacity suffi-
cient to insure continmity and continued effectiveness of the
ground connection under conditions of excess current caused by
or following discharge of the arrester. No individual ground con-
ductor shall have less conductance than No. 6 A. W. G. copper
wire.

(5)For noneurrent-carrying metal parts of electrical equip-
ment, except conduit, armoured eable or metal raceways, the
conductance of a ground conduetor shall be not less than that
provided by a copper wire of the size indicated in the following
table : ; :

Required Size of .

i 3 tie Cut-out Ground Con-
Capacity of Nearest Automatic oul ot
D00 £0 50D BIUPOIER. <+ v e e svenrerneemnnssnnesssssritonssiieinneine e té
100 £0 200 QIMPETES. .+« v v e s esmpnmnssnas s btzesstge e st o
0to 100 amperes. . ..o.coeoornves M e e T ST 1
0 to 10 amperes (for portable eQUIPMENT OnLY) ..o v e

When current-carrying conductors of portable equipment are larger
than No. 18 A. W. G. ground conductor must be of same size.

When there is no cut-out protecting the equipment, the size of
ground conductor shall be determined by the design and operating
conditions of the circuit.

(6) Ground wires for conduit shall have a conductance at
least equivalent to No. 10 A. W. (. copper wire, where largest
wire contained is No. 0 A. W. G. copper wire or less. A ground
wire of a conductance at least equivalent to No. 4 A, W. G. cop-
per wire shall be used where largest wire contained is larger than
No. 0 A. W. G. copper wire.

(¢) Insulation and Guarding. _

(1) All ground conductors of circuits or equipment operat-
ing at-less than 750 volts shall be adequately insulated for the
voltage of the circuits or equipment grounded.
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- Exception: Substantial bare ground conductors may be used in
stations, and bare wires may be used if laid slack underground.

(2) When within eight feet of the earth, platform or floor
from which ground conductors are accessible to unauthorized
persons or the publie, or when exposed to mechanical injury,
ground eonduectors shall be protected by adequate guard.

(8) Guards for lightning arrester ground conductors shall be
non-magnetic material unless the ground conductor is electrically
conneected to both ends of the guard.

(4) The ground conductor, exeept in rural distriets, shall be
guarded by being enclosed in insulating conduit or molding if
connected to an artifieial ground.

Order 1033. Nature of Ground Gonnedtion.

(a) General. The ground connection shall be permanent and
effective and shall be made as indicated helow, but always to
water piping systems if they are available.

Note: “Available” in this rule means ordinarily within 500 feet for
stations.

(b) Piping Systems.

(1) In supply stations,-ground connections for eireuits, equip-
ment and arresters shall be made to all available active metallie
underground water piping systems between which no appreciable
difference of potential normally exists, and to one such system if
appreciable differences of potential do exist between them.

(2) In other places ground connections shall be made to at
least one such system.

Note: Ground connections from eircuits should not be made to
jointed piping within buildings except water piping. -

(3) Gas piping systems shall not be used for making ground
connections. . '

Exception: Where connection to another type of ground from an
electric or combination lighting fixture would involve a long run, and
the fixture therefor is not within reach of plumbing or other grounded
surfaces, the gas piping may be utilized as the ground connection,
provided it is bonded to the water-piping system at its point of
entrance to the building.

(e) Alternate Methods. Where suitable underground metallic
piping systems are not available, other methods which will secure
the desired permanence and conductance shall be employed.

Note: In many cases, metal well casings, local metal drain pipes,
and similar buried metal structures of considerable extent will be

available, and may be used in lieu of extended buried water-piping
systems. '
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In some cases, ground connections may be made to the steel frame
of a building containing the grounded circuits or equipment. In such
cases the building frame should be itself well grounded by effective
connection to the ground. This may require artificial grounding for
steel frame buildings supported on masonry or concrete (unrein-
forced) footings.

(d) Artificial Grounds. When resort must be had to artificial
grounds their number shall be determined by the following re-
gquirements :

(1) No more than one such ground is required for lightning
arresters, except where for large current eapacity. At least two
grounds are required for low voltage alternating-current distri-
bution eircuits at transformers or elsewhere.

Note: It is recommended that one of these grounds be installed at
the customer’s service.

(2) Where no part of the circuit or equipment protected can
be reached by persons while they are standing on the ground
or damp floors, or by persons while touching any metallic piping
to which the ground wire is not effectively connected, a single
artificial ground may be used even if the resistance exceeds that
specified in Order 1035. (In such cases it is desirable to provide
guards for the ground conductor in accordance with Order
1032¢ wherever it is otherwise accessible, or to provide insulat-
mg mats or platform so located that persons cannot readily touch
the ground conductor without standing on such mats or plat-
forms.)

(e) Grounds to Railway Returns. Protective ground connec-
tions for cireuits other than railway circuits shall not be made to
railway negative return circuits.

Note: This order does not prohibit the making of drainage conmnec-
tions (which are not protective grounds) between piping systems and
railway negative return circuits for the prevention of electrolysis.

Where multiple artificial grounds are made on other circuits near
such railway returns, they should be so arranged as to prevent the

flow of any considerable current in and between such connections, thus
reducing their effectiveness, or causing other damage.

Order 1034, Method of Connecting to Ground.

(a) Water-Piping Conneclions. Ground connections to me-
tallic piping systems shall be made (except as permitted below)
on the street side of water meters, but.connections may be made
immediately inside building walls to secure accessibilify for in-
spection and test.
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Exception : (1) When water meters are located outside of build-
ings or in concrete pits within buildings where piping connections are
imbedded in conerete flooring, or other flooring reasonably insuring
against the disturbance of water pipe, the ground connections may be
made on the building side of the meters, if meters are suitable shunted.

(2) When the making of a ground to a piping system outside meter
or other device would involve a long run, connection for equipment or
conduit (but not for circuits) may be made to the water-piping system
at a point near the part to be protected, provided there are no insulat-
ing joints in the pipe to prevent a good ground. In such cases, care
should be taken to electrically connect all parts of the piping sysiem
liable to create a hazard (if they become alive) and to shunt the pipe
system where necessary around meters, ete., in order to keep the con-
nection with the underground piping system continuous.

(b) How to Make Conmnection. The ground connection to me-
tallic piping systems and condnit shall be made in such a manner
that good clectrical contact between the ground wire and pipe
surface is secured, and that the possibility of increase in resist-
ance of the joint through corrosion is minimized.

Note: Such ground connection to metallic piping systems should be
made by means of an approved clamp firmly bolted to the pipe, after
all Tust and scale have been removed or by means of a brass plug
which has been tightly screwed into a pipe fitting, or where the pipe is
of sufficient thickness, screwed into a hole in the pipe itself, or by
other equivalent means.

With bell and spigot joint pipe it may be necessary to connect to
several lengths where circuits or equipment of large current-carrying
capacity are being grounded. For this condition the most satisfactory
method of making the ground connection consists in drilling a hole
in the bell, tapping it, and screwing in a brass plug to which the
ground wire is soldered. The joint thus made and the surface of the
pipe in the immediate vicinity should be heavily coated with pitch or
equivalent material to prevent corrosion. The point of connection
should be accessible and its position recorded.

(e) A%tfiﬁoiaﬁ Grounds. Artificial Grounds shall be loeated
below permanent moisture level where ground water level is close
to the surface. Where it is impossible to locate the artificial

grounds below permanent moisture level, they shall be at least 6
feet below the surface.

Note: Each ground plate should present not less than 2 square feet
of surface to the soil, and where facilities are not available for deter-
mining the resistance of the ground connection (See Order 1035), the
exposed surface should be 4 square feet. Where copper ground plates
are used, they should be at least .065 inch thick; and when east-iron
plates are used, they should be at least .25 inch thick.
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When driven pipes are used, they should be of galvanized iron and
not smaller than one inch internal diameter and extend not less than
six feet below the ground.

Order 1035. Ground Resistance.

(a) Limits. The combined resistance of the ground wires and
conneetion of any grounded cireuit, equipment or lightning ar-
rester shall not exceed the values given helow :

Water Artificial
4 Pipe Crrounds
Amperes Grounds
Ohms Ohms
T oem BRam IO mnmmsai f e G s T R A ot e s 15 25
TOROERE T m o il s Wit a0 e et n s o dtete el ibie M v pte e aate [i} o1 28
il BHOVE G s i e 15 v A ST R € R R e Jorless - 25

Exception: Where because of dry or other high-resistance soils it
is impracticable with artificial grounds (other than those protecting
low-voltage alternating-current distribution circuits) to obtain re-
sistances as low as the values given above, two grounds as defined in
Order 1034—c shall be installed, except as in Order 1033—d-2, and no
requirements will be made as to resistance. :

Note: The current stated opposite the different resistances in the
table is either the current-carrying capacity of a cireuit from which
leakage can occur to the grounded circuit or the continuous current-
carrying capacity to which the grounded equipment conduit or light-
ning arrester is limited by design or by automatic cut-outs.

The product of the corresponding numbers in the first and second
columns is never greater than 150—that is, the potential difference
due to the stated current is never greater than 150 volts—where con-
nections are made to water pipes.

Where more than one ground is made on the same circuit, equip-
ment, conduit or arrester in the same viciniby, all such grounds are
considered eollectively in respect to meeting the requirements of this
order.

Where a secondary is exposed only through transformer windings,
this current-carrying capacity will be that of the primary fuse of the
transformer. Where the secondary is exposed to the conductors of
conflicting or crossing high-voltage circuits, the current-carrying
capacities will be those of the automatic eut-outs in such circuits,

(b) Checking.

Note: Ground connections on distribution circuits should be tested
for resistance when installation is made unless multiple grounding to
water-piping systems is used.

(1) The resistance of station grounds shall be checked when
made.
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Note: (1) With artificial grounds this check may be made by meas-
uring the voltage between the grounded point of the circuit or the
erounded frame of the equipment, or the grounded point of the light-
ning arrester, and an auxiliary metal reference rod or pipe driven into
the ground, while a measured current is flowing through the ground
connection and any exposed metal piping or other artifieial ground in
the vieinity, but not within 20 feet. ; ;

(2) If the station ground is to water piping, the check may be made
with current flowing through the water piping and some independent
piping systems or artificial ground in the vieinity, but not within 20
feet. )

(2) All ground connections shall be inspected periodically.
Order 1036, Separate Grounds and Ground Conductors.

(a) Ground Conductor. Ground conductors shall be run
separately to the ground (or to a sufficiently heavy grounding
bus or system ground cable which is well connected to ground
at more than one place) from equipment and eircuits of each of
the following classes:

1. Lightning arresters.

2. Secondaries connected to-low voltage lighting or power

circuits.

3. Secondaries of current and potential instruments transform-

ers and cases of instruments on these secondaries.

4. Frames of direct-current railway equipment and of equip-

ment operating in excess of 750 volts. _

. Frames of utilization equipment, conduit systems, ete., other

than covered by Item 4.

6. Lightning rods.

Exception: A common ground conductor for secondary distribu-
tion circuits and service conduit at the service entrance will be per-
mitted provided the utility supplying the service has placed on such
secondary circuits one er more permanent and effective grounds as

required by Order 1813 (b) which meet the resistance requirements
of Order 1035.

Note: Lightning-arrester ground connections should be spaced as
far as practicable from other artificial grounds. A space of at least
20 feet should be secured where possible.

(b) Arrester Grounds. Tightning-arrester ground connec-
tions shall not be made to the same artificial ground (driven
pipes or buried plates) as eireuits or equipment, but should be
well spaced and, where practicable, at least 20 feet from other
artificial grounds.

T
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PART I

Electrial Supply Stations, Substations and Equipment.

SECTION 110. SCOPE OF ORDERS

Order 1100. Stations and Substations.

The following orders (1100 to 1199 inclusive) apply to all
electrical supply equipment of indoor and outdoor stations and
substations.

Order 1101, Electrical Supply Equipment in Factories.

Orders 1100 to 1199 inclusive also apply to electrical sup-
ply equipment, ineluding generators, motors, storage batteries,
transformers and lightning arresters installed in factories, mer-
cantile establishments, or elsewhere, provided the equipment is
in separate rooms or similar inclosed areas in charge of a quali-
fied person and aceessible only to such persons. (See also
Order 1301, Seetion 130, Part 3.) '

SECTION 111. GENERAL PROTECTIVE ARRANGEMENTS OF
STATIONS AND SUBSTATIONS

Order 1110. General Requirements for Rooms and Spaces.

(a) Not to be used for Storage of Materials. Rooms and
spaces in which electrical supply equipment is installed shall not
be used for the storage of material nor for manufacturing pro-
cesses.

Exception: Materials or processes incidental to the production or
distribution of a supply of electrical energy are exempted.

(b) To be Dry and Free from Flyings and Inflammable Gases.
Such rooms and spaces shall be free from flyings and inflammable
gases, and when indoors shall be dry and well ventilated. (See
also Order 1144.)

Order 1111, Illumination of Stations and Substations. (See
also Order 1144-c.)

(a) Imtensity of Artificial Illumination. Rooms and spaces in
which electrical supply equipment is installed shall be provided
with artificial illumination of an intensity at least equal to the
minimnm foot-candles of the following table:
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Minimum Modern Practice
Foot-Candles Foot-Candles

(1) Switchboard instruments gauges, switches, ete 1 204
§2) Switehboards with no exposed live parts........ 15 1to2
3) Storage battery room, ....oviiveiiii i 14 1t02
(4) ‘Generating room, boiler room, pump room (at machinery or ex-

posed ive PArtS) . .« o vu it 1 2to4
(5) Stairways and passageways (measurements made at foor level),

where there is moving machinery, exposed live parts, hot pipes, i o

...................................................... 0

(6) Any traversed space (measured at floor level).................. Y 1t¢2

Note: The above illumination values apply to the working surfaces
and measurements are to be made on the vertical, horizontal, or inter-
mediate plane, as may be required.

The “minimum foot-candles” specify the lowest illumination for
safety, but the “modern practice foot-candles” are recommended.

(b) Fiztures and Plug Receptacles. (See also Order 1346—,
Seetion 134 of Part 3.)

(1) Lamps and fixtures shall be so located as to be readily ac-
cessible for replacement, trimming, cleaning, ete., and shall have
their control readily accessible.

(2) Lamps and fixtures shall be so located as to make un-
necessary the use of portable eords in dangerous proximity to
live electrical equipment.

(e) Emergency Lighting. A separate emergency source of
illumination shall be provided in every station where an attend-
ant is located. This source shall be from an independent gen-
erator, storage battery, gas main, or other suitable source.

Note: Flame lamps (gas or oil) should not be used in battery
rooms. (See also Order 1144—e.)

(d) Shading of Lamps. Overhead and local lamps shall be
shaded as required by Orders 2113 and 2114 of the industrial
lighting code.

Order 1112. Requirements for Buildings and Yards and Gen-
eral Safety. ‘

(a) Buildings to Comply with Buwilding Code. Buildings in
which electrical supply equipment is installed shall be econ-
‘structed in every detail to comply with the Building Code.

(b) @Qeneral Orders on Safety to be Complied With. Floors,
passageways, stairways, floor openings, platforms, runways, mov-
ing machinery, ete., shall be constructed and safeguarded as re-
quired by the General Orders on Safety.
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(¢) Ewzits. All such rooms shall have proper exits as called
for by the Building Code.

(d) Protection from Rain and Falling Objects. Electrical
supply equipment located outdoors, when necessary, shall be pro-
tected against injury from rain, snow, sleet, flying or falling
objects. |

Order 1113. Fire Fighting Apphances.

Hach room or space, where an operator is in attendance, shall
be provided with fire-extinguishing appliances of a type which
may be safely used on live parts.

Note: . Fire extinguishers employing carbon tetra-chloride as the
extmgmshmg agent are recommended.

Caution: Such extinguishers should not be used in confined spaces,
because of the possibility of asphyxiation of the user.

SECTION 112. PROTECTIVE ARRANGEMENTS OF ELEC-
TRICAL SUPPLY EQUIPMENT

Order 1120, Guarding Live Parts.
(a) HEquipment.
(1) All ungrounded current-carrying parts of eqmpment shall

be suitably guarded if elevated less than the following distances
above floors or platforms:

Voltage of Part Tlevation in Feet

300 to 750 7.0
760 to 2,500 7.5
2,500 to 7,500 8.0
7,500 to 30,000 9.0
30,000 to 70,000 10.0
fﬂ 000 to 100,000 12.0
Over JUE VLT Wt W A O S L 0 O 0 T A A1 000 S Y 0 14.0

Exception: Where no guards are called for elsewhere in these
orders, uninsulated current-carrying parts operating at less than 7500
volts ne_ed not be guarded regardless of elevation, if the following con-
ditions are complied with:

(1) Insulating mats or platforms are to be provided.

(2) If there are such live parts operating at 300 to 750 volts on ‘one
side of the space, there shall be a minimum clearance of 2.5 feet; if
on two sides, 3 feet.

(3) If there are such live parts operating at more than 750 volts,
on one side of the space, there shall be a minimum clearance of 3 feet;
if on two sides, 5 feet.
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(2) Where guards must at times be opened, thereby exposing
live parts, they shall be of insulating material or so arranged that
they cannot readily make eontact with live parts while being re-
moved.

(8) Where persons must at times enter inclosures, while such
parts are alive, the guards shall be of insulating material, or in-
sulated from ground, unless removed horizontally 3 feet, for volt-
ages up to 750, and 5 feet or more, for higher voltages.

(4) All such live parts of equipment of outdoor stations and in
stations located in tunnels or subways, shall be ineloged in
weatherproof cases,

Exception: Equipment designed to withstand the prevailing atmos-
pheric conditions and which has the live parts suitably guarded against
contact or isolated by elevation is exempted,

(b) Generators, Motors, Motor-generators and  Converters,
(See also Order 1150.) T

(1) Insulated steps or platform with insulated handrails, if
necessary, shall be provided on or about large machines, operat-
ing at voltages which will admit of adjustment of live parts, to
afford ready access to these parts.

(2) With machines having exposed live barts above 300 volts
to ground insulating mats or platforms shall be so placed that
operators cannot readily touch live parts unless standing on the
insulating mats or platforms,

(3) Machines having exposed live parts above 750 volts to
ground, shall have suitable inclosing or barrier guards in addi-
tion to the mats or platforms called for in (2) above.

(e) Storage Batteries. (See also Order 1144.)

The arrangement of cells and connections shall be sueh that no
two current-carrying parts between which a voltage exceeding
150 volts exists, shall be cloger than 3 feet,

Exception: If the parts are not so exposed that persons are liable

to make accidental contact with both at the same time, a lesser spac-
ing is permissible,

(d) Switches, Huses, Circuit-Breakers. (See also Orders 1140
and- 1141.)

(1) All switches interrupting cirenits over 750 volts shall be
of the remote control type or shall be enclosed in casings which

permit of operation without opening the inclosure, therehy pro-
tecting the operator at all times against danger.

3
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. ; 4
Note: Large-capacity, high-voltage oil switches shouldIbe prlisjl
= f.rom the operator and operated by remote (or Ie‘x.fe) F:q)'m-ie;;
2;:’1?5 the blowing up of the oil containers mayhciu:}c: se;lo?gc;oged g
l icini is r ded that they be
N in the vicinity. It is recommen : STy
z(;pi?;tln;rlepruof cells or compartmen‘cs._ (See also Orde111141h 1c1 bg
(2) All switches interrupting cireuits 1?elow ’{50 vo ’{:s s a ; ad,
provided with insulating handles and suitable 111su1at(11n%2i guil
e

i i e between the handles and the liv
disks or shields so arranged e, e | Sl
parts as to prevent the hand from slipping .mto contact with 1iv
parts or being burned by arcing at the switches. 9

Exception: Switches interrupting circuits below 300 volts are e

ted from this order. : .
emli te: Tor the purpose of this order voltages in excess 01f 75? :‘nll
b 1'1(1)clu.ded as below 750 where the excess is for purpose of regulation
B |
only. . . |

(3) All fuses and circuit-breakers on ecircuits over 750 ;relts
which are not isolated by elevation in accordance with a-1 above,

. arryi rts inclosed.
shall have all eurrentnedmylng par . '

(4) Where live parts of switehes, operating at more than 300
volts to ground, are not remotely controlled or inclosed, as 11)ell'i
mitted in (2) above, insulating floors, mats, or platf(')fms smt
be so placed that the operator must stand on tl.lem whi e\opera i
ing the switches or adjusting fuses and clrem‘s-breakeu:o y

(5) When switches, diseonnectors and fuses a?jove 75 Vo ?
which are ordinarily guarded or isolated by elfzvatlon as required
by a-1 above must oceasionally be operated Wlthoutlsicllhpxote:-
ti ; i ace shall be provided so that the oper-
tion, adequate working space s : . he ope
ator, will not be required to bring any part of his body within
the following distances of the part:

Voltage of Part Distance in Feet
oltage

TEOE0 TB00, 0o
7600 40 B0, 000 % cwi v s e mmmsmn iy
30,000 to 50,000 .. .......
50,000 to 70,000. .. .
70. DDG to 100'000. oAb bABIRN C R A M e S
ATove 100,000, . .+, oveeeenrrneiaeeiaeninns

s G i B9 R =

Note: Below 7500 volts the distance above speciﬁed may he re-
duced if the operator uses suitable operating devices.

] der 1142.)
e) Switchboards. (See also Or ;
El)) All switchboards loecated near Dpassageways bhallhble{
narded from these by suitable inclosures or barriers, and sha :
%e made Inaccessible to other than aunthorized persons. Spaces

3
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at rear of switchboards, which might be used as passageways,
shall be inclosed by screens or barriers at ends of board.

(2) Insulating floors, mats or platforms shall be so placed at
front and rear of boards, having exposed live parts operating at
more than 300 volts to ground, that the operator must stand on
them while operating or working at the switehboard apparatus.

(3) There shall be no exposed ungrounded current-earrying
parts on the face of any switehboard, operating at voltages over
750 volts, at an elevation less than 7.5 feet above floor or plat-
form.

Exception: (1) Direct-current railway boards up to 1500 volts, so
constructed that the operator cannot inadvertently ecome in contact
with parts having a difference of potential over 300 volts, are ex-
empted from this order.

Note: Dead face panels and remote control are recommended where
isolation by elevation is undesirable or impracticable.

(4) Exposed ungrounded current-earrying parts over 750
volts on back of switchboards, when not isolated by elevation in
aceordance with a-1 above, or when working spaces called for
in exceptions to a-1 above are mot possible, shall be guarded.
Parts above 7500 volts shall be isolated as required by a-1 above
or shall be guarded.

(5) Plug-type switehboards ghall have no exposed current-
carrying parts on the face of board in excess of 150 volts to
ground, exeept at times of making or breaking connections.

() Lightning Arresters.

(1) Current-carrying parts of lichtning arresters shall be
isolated as required by a-1 above or guarded.

(2) Lightning arresters on eireuits of 7500 volts or more shall
be provided with disconnectors. (See also Order 1143—e.)

(g) Conductors. (See also Seetion 113.)

(1) Conductors operating at voltages over 750 volts, when
brought closer to the floor line than the distances specified in a-1
above, or where subject to mechanical injury, shall be guarded
by permanent sereens, by inclosing partitions, barrier, guards or
by inelosure in metal conduit, metal ducts, runways or compart-
ments of tile, bitumenized fiber, eoncrete or other suitable fire-
resistive materials. ' :

(2) All conduectors shall be adequately insulated for the volt-

. age of the eircuit to whieh they are connected.
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_Except%on: Bus-bars and similar conductors are exempted from
this provision, but must be constructed as required by the other pro-
visions of this order,

(3) Where conductors with insulating coverings are closely
grouped, as on the rear of switechboards or in cableways, they
shall each have a substantial flame proof outer covering.

(4) Large eonductors liable to be torn from their supports by
the stresses to which they are subjected (as by the magnetic fields

. produced), shall be so supported that they cannot come in eon-

taet with the surfaces along which they are run, if uninsulated,
or with other conductors, whether insulated or not.

(5) Ungrounded conduetors of outdoor stations and sub-sta-
tions located in tunnels or subways, when not run in conduit,
shall be installed on suitable imsulators, and properly guarded
or isolated by the elevations of (a-1) above, except metallic
sheathed cables having metallic sheath permanently and effect-
tively grounded.

(h) Separation and Barriers. All bare parts at different po-
tentials shall be effectively separated, and on circuits of large
Cf},pacity or operating at 7500 volts or higher, if liable to short-
eireuiting by tools or other conducting objects, shall be provided
with suitable barriers. (See also Order 1142—e.)

Order 1121. Where Explosives and Inflammables Exist. (See
also Orders 1144—e and 1144—f.) )
Where explosives and inflaimmables exist in dangerous quan-

tities, the equipment shall be installed as called for in Order
1312, Seetion 113 of Part 3.

Order 1122. Grounding.

(a) General,

Cirenits shall be grounded as required by Order 1313, Section
131 of Part 3.

Exception: Station auxiliary alternating-current systems are ex-
empted from this requirement.
(b) Instrument Transformers.

The low-voltage circuits of all instrument transformers shall
be permanently grounded unless the ecireuits are installed,
g:uarded and plainly identified as required for the high-voltage
cireuits of the transformers. |

Note: Sonjxetir.nes this will require marking to distinguish such a
low-voltage circuit from others which are protected by a ground.
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(¢) Non-current-Carrying Metal Parts.

Exposed non-current-carrying metal parts of equipment opexr-
ating at voltages above 100 volts to ground shall be grounded in
accordance with the methods set forth in Section 103 of Intro-
ductory Part. '

Exeeption: (1) All equipmeﬁt in locations where there are no fax—
posed grounded surfaces within the reach of persons whe'n} toue_hmg
the parts under consideration and where none of the conditions 11sifed
as hazardous in Order 1312 exist, and provided the voltage at which
the equipment operates is less than 150 volts to ground, is exempted
from this order. ¢ L,

(2) All equipment accessible only to qualified pe.rso'ns, provided it is
effectively insulated from ground, provided insulating mats, platforms
or floors are present, on which qualified persons may stand, and pro-
vided there are mo exposed grounded surfaces within reach of sa%d
qualified persons, at such times as said qualified persons may be in
contact with any live part, is exempted from this order. _

(3) Exposed non-current-carrying metal parts of supply faqm'pment
of grounded direct-current circuits or series direct-current circuits are
exempted from this order, it suitably insulated from. the ground and
from neighboring grounded surfaces. In addition suitable permanent
insulating barrier guards shall be installed so that a pc?rson cannot,
while touching such insulated frames, at the same time inadvertently
touch or stand upon other grounded bodies. .

(4) Metal parts, such as name-plates and card-l?olders on switch-
boards, not likely to become alive by leakage from live parts, are also
exempted from this order. )

(5) Metal cases of instruments, which are isolated in accordance
with Order 1120-a are exempted from this order. .

(6) Exposed non-current-carrying metal parts of supply equipment
for signal circuits are exempted from this order, providing they are
suitably insulated from the ground and neighboring grounded condue-
tors and surfaces. : '

(7) Metal shell sockets and metal guards of portable lamps, if suit-
ably insulated, are exempted from this order.

(d) Lightning Arresters and Ground Detectors.

Lightning arresters and ground detectors shall be grounded in
accordance with the methods set forth in Seetion 103 of the In-

troductory Part.

Order 1123. Identification. (See also Order 1142—d-2.)

All electrical supply equipment shall be snitably marked to in-
dicate the voltage, capacity, intended use, and other essentials
for safe operation.

. ELECTRICAL CODE—ORDER 1124 37

Order 1124, Deteriorating Agencies. (See also Order 1144—f.)

Suitable guards or inelosures shall be provided to protect ex-
posed current-carrying parts, insulation of leads, balance coils,
or other electrical devices belonging to motors and generating
equipment, where installed directly under other equipment or
in locations where dripping oil, excessive moisture, steam, vapors,
or similar injurious agents exist.

SECTION 113. INSTALLATION AND PROTECTION OF WIRES.
INSTALLATION OF CONDUIT AND OTHER INCLOSURES
FOR WIRES. CABINETS AND JUNCTION BOXES

Order 1130. Compliance with Other Orders.

The installation of all conduit, both rigid and flexible, metal
surface raceways, armored cables, eabinets and junction boxes,
and the installation and protection of wires shall be made to
comply with Sections 133 and 134, respeectively, of Part 3 and
in addition shall comply with the following orders of this sec-
tion. (See also Order 1120—g and 1150—ec.)

Order 1131. Station Wiring Requirements. (See also Order
1142—-3.)

(a) Conduwits, Ducts and Runways. The interior of conduits
duets and runways shall be smooth, and all edges at outlets shall
he smooth to prevent abrasion of the insulating covering of the
wires.

(b) Open Wiring. All open wiring shall be exposed to view.

(e¢) Lead-sheathing and Flame Proofing Covering Where Con-
ductors Terminate. Where conductors terminate, lead-sheathing
and flame proofing eovering, when used on conduetors, shall be
stripped back on the eonductors a sufficient distance from the
terminals to give the necessary insulation for the voltage of the
eircuits on which the conductors are used.

(d) Potheads on Circuits above 750 Volts. On systems above
750 volts the insulation of the several conduetors, where leav-
ing the metal sheath of cables, shall be thoroughly protected
against moisture and mechanical injury by means of potheads ov
other equivalent means.

(¢) Taping Ends and Joinis, Ends and joints of insulated
conduetors, unless otherwise adequately guarded, shall have
equal insulating covering with other portions of the conductor.
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ES, CIRCUIT-
SECTION 114. SWITCHES, DISCONNECTERS, FUSES,
BREAKERS, SWITCHBOARDS, LIGHTNING ARRESTERS
AND STORAGE BATTERIES

Order 1140, Switches and Disconnectors. (See also Order
1120-d.)

(a) Compliance with Other Orders. The installation of all
switehes and disconnectors shall be made to GOnfOI'].‘Fl to _Orde_r
1350, Section 135 of Part 3, except as otherwise provided in this
order and Order 1120—d and e.

(b) Where Switches Are Required. (See also Order 1120—
£-2.) Suitable switches ghall be inserted in all .1ea,ds .to genera-
tors, motors, transformers and all out-going and Incoming supply
eirenits.

Exception: (1) Grounded conductors and leads to instrument trans-
formers and instruments are exempted from this order.

(2) In cases such as between generators a.nd transf?rmer banks
used with the generators, disconnecters only will be re(.;ulred.

(3) Where two or more pieces of electric suppl:{ equ1p1:nent or sup-
ply lines are operated as a single unit no switch is required between
thlell)- In undefgr-ound manholes or in transformer va‘ults, s-wif:ches are
not required, if not deemed necessary to meet operatmg. requu‘emen’FS.

(5) Automatic circuit-breakers that disconnect all wires of the cir-
cuit may serve as switch for motors.

(e) Switches for Short-Circuiting and Grounding. Switeh.es
or other suitable means shall be provided to facilitate short-eir-
cuiting and grounding equipment or lines for which the operat-
ing rules (Part 4) require such protection to workmen. (See
also Order 1142—f and 1151—b-1.) ) '

(d) Where Disconnectors Are Required. Switehes, which do

not make an air break, on circuits operating at voltages In excess.

of 750, shall be proteeted by diseonnectors between them and the
source of energy supply. (See also Order 1120—f£-2.)

Order 1141, Automatic Overload Circuit-Breakers and TFuses.
(See also Order 1120—d.)

(a) Compliance with Other Orders. The installation of all
cirenit-breakers and fuses shall be made to conform to lOrdelr
1851, Section 135 of Part 3, except as otherwise provided in this
order and Order 1120—d and e.

Exception: Open link fuses may be used in stations and substations,
(See also Order 1851—b, Section 135, Part 8.)
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(b) To Be Installed in All Leads. Automatic overload eir-
cuit-breakers or fuses shall be installed in all leads where
switehes are required by Order 1140-a and the appended ex-
ceptions. (See also Order 1150—e-1.)

Exception: (1) Switches between alternating-current generator and
station bus-bar need not have overload protection.

(2) Series transformers and constant eurrent circuits are exempted
from this order.

Note: See Order 1032—a-2, Section 103 of Introductory Part, for re-
quirements of automatic eut-outs in grounded eonductors.

(e) Locations.

(1) Such automatic overload protective devices shall be in-
stalled as mear as practicable to the bus-bar.

Exception: Where there are no bus-bars these automatic overload
protective devices shall be installed as near as practicable to the point
where the conductors enter the station.

(2) On circuits of indoor stations operating at a voltage in
excess of 7500 volts, oil cireuit-breakers shall, where practicable,
be enclosed in separate fireproof eells or compartments, or shall
be separated by suitable barriers.

Order 1142, Switchboards. (See also Order 1120—e.)

{a) Accessibility and Convemient Attendance.

(1) All switches on switchboards shall be so arranged that the
points of econtrol are readily aecessible to the operator.

(2) Instruments, relays and other devices requiring reading or
adjustment shall be so placed that work ean be readily performed
from the working space.

(b) Location.

(1) Switehboards shall be so placed that the operator will not
be endangered by any live or moving parts of machinery or
equipment located near the board and so as to reduce to a mini-
mum the danger of communicating fire to adjacent combustible
material.

(2) There shall be a space of three feet between top of switch-
board and combustible material, unless switehboard is otherwise
properly guarded to prevent igniting combustible material. -

(3) Switchboards shall be aceessible from front and rear when
the connections are on the back.

Note: This is also desirable when all connections are in front of
board.
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(¢) Required Equipment amd Construction.

(1) Switehboards which control outgoing supply circuits shall
be equipped with such instruments as are necessary to show
operating conditions.

Exception: Switchboards in substations without regular attendance
are exempted.

(2) Switehboards shall be made of non-combustible material.

(3) In wiring switehboards, the ground detector, volt-meter,
pilot lights and potential transformers shall be connected to a
eircuit of not less than No. 14 wire that is properly protected
by fuses. This circuit shall not carry over 660 watts,

(4) TInsulated conductors, where closely grouped as in rear of
switehboards, shall each have a substantial flame proof outer cov-
ering. Such flame proofing shall be stripped back on all con-
ductors a sufficient distance from the terminals to give the
necessary insulation for the voltage of the cireuit on which the
conductor is used.

(d) Arrangement and Tdentification.

(1) Connections, wiring and equipment of switehboards and
panel boards shall be arranged in an orderly manner.

(2) All switches and automatic jeut-outs shall be plainly
marked, labeled or arranged so as to afford ready means for
identifying eireuits or equipment supplied through them. (See
also Order 1123.)

(e) Spacings and Barriers Against Short Cirewit.  (See also
Order 1120—h.)

(1) The number of bare parts on switechboards which are at
different potentials shall be as few as possible and shall be effee-
tively separated.

(2) Where the voltage between bare parts exceed 750, suitable
non-combustible barriers shall be used between them unless iso-
lated by elevation or so located as not to be liable to be short cir-
cuited or grounded by tools or other devices. 1

(3) Fuses shall be so located as to minimize the danger, in ve-
moving or replacing them, of short-circuiting parts at different
potentials by either the fuses or the hands of the operator.

(f) Means Required to Readily Make Occasional Grounds.

‘Whezre proteetive grounds are oceasionally required on cireuits
for the protection of workmen, a permanent ground connection
shall be provided and also suitable means for effectively and
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readily connecting the parts to be grounded to the ground con-
nection. (See also Order 1140—e¢.)

(g) Ground Detectors, Each ungrounded distribution system
in a station under attendance shall be provided with reliable
ground detectors.

Note: Detectors which indicate continuously and give an instant
and permanent indieation of a ground are preferable,

Order 1143. Lightning Arresters. (For Guarding see Order
1120-f, for Grounding see Order 1122 and Section 103 of
Introductory Part.)

. (a) Where Lightning Arresters Are Required. All overhead
limes to stations or substations shall be protected by lightning ar-
resters, '

(b) Location. Lightning arresters, when installed inside of
buildings, shall be located as far from all other equipment and
combustible parts of the building as practicable.

Note: It is recommended that lightning arresters of the aluminum

cell or other types containing oil be installed in individual fireproof
cells or compartments, '

(e) Provisions for Disconnecting.

(1) On ecircuits over 7500 volts, lightning arresters shall be
so arranged, isolated and equipped that they may be readily dis-
conneeted from conductors to which they are conneeted by air-
break manual disconnectors, having air gaps of not less than four
times the equivalent needle point sparking distance of the oper-
ating voltage of the eircuit to which the arresters are connected
and in no case less than eight inches. (See also Order 1120—f-2.)

(2) Such disconneectors shall be remotely controlled and oper-
ated or shall have the adjacent working space required by Order
1120—d-5. ,

(d) Choke Coils. All choke coils or other attachments, inher-
ent to the lightning proteetion equipment, shall have an insula-
tion from the ground or other conductors equal at least to the in-
sulation demanded at other points of the eircuit in the station.

Order 1144. Stdrage Batteries, (For Guarding see Order
1120—e.) :

(.a) Scope of Order. This order applies only to storage bat-
teries exceeding 50 kilowatt hours capacity at the eight-hour rate
of discharge.
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(b) Isolation. Storage batteries shall be -plaeed. in separate
rooms or inelosures accessible only to properly qualified persons.
| ilati s0 Or 110—b.)
o) Ventilation. (See also Order 1 : _
((1)) Syuch rooms or inclosures shall be so ventll;?.ted as t]g re
move acid spray and prevent dangerous accumulation of inflam-
mable gas. "
(2) Communication of drafts to other rooms shall be pre
vented.
() Suitable Supports and Floors. | .
((13 The cells shall be supported by smt.a,ble 1131.-3111{7;;1:01'5(i
Exception: Small cells of insulating material are exempte'd. IO
(2) Suitable drainage or other means shall b\? provi gl i
neath cells to prevent aecumulation of electrolyte 1n case ol leak-
age or spraying. | iy ‘
gNote: Acid-resistive floors, such as vitrified brick set in pitch, are
recommended where large batteries are installed.
(e) Lamps. (See also Orders 1111 and 1121.) 1
(1) Lamps inside storage-battery rooms shall liebof the elee-
ic i : i i tight globes.
trie incandescent type, inclosed in vapor tgl |
(2) Switches controlling such lamps shall be located outside
of the battery room or shall be of the vapor.prooﬁ type. '
(f) Acid-Resistive Coverings on Conductors. Gondue:torls 111
battery rooms, if of such material or so located as to be hab.e 0
corf'osion chall have suitable protective coverings oI coatings.
(See also Orders 1121 and 1124.)

MENT, TRANSFORMERS, RE-
SECTION 115. ROTATING EQUIP N (
ACTANCES, INDUCTION REGULATORS, BALANCE
COILS AND SIMILAR EQUIPMENT

Order 1150. Rotating Equipment. (See also Order 1120-b.)

(a) Speed-Limiting Dewices. i
(1) Prime movers driving generating equipment shall be pro‘-
tected with automatic speed-limiting deviees where harmful over-
eed can otherwise oceur. N . ‘
* (2) Such devices shall be in addition to thelr governors, if
i bines.
necessary, as with some types of turl ‘ ‘
(3) S::;"parately excited direct-eurrent motors, series n:mtms,
motor generators and converters shall have protective devices as
required by Order 1357-—¢, Section 135 of Part 3.
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(b) Stopping Devices. Stopping deviees, such as switehes or
valves which can be operated from locations convenient to ma-
chine operators, shall be provided for prime movers or motors
driving generating equipment.

(e) Control Circuils to Be in Conduit. Where speed limiting
or stopping devices or remote control switches are electrically
operated, the eontrol cireuits, by which such devices are actuated,
shall be in eonduit or otherwise suitably protected from mechan-
ical injury. '

(d) Motors. All motors shall be installed in the manner re-
quired by Order 1357, Section 135 of Part 3.

(e) Generators.

(1) Constant potential direct-current generators shall be pro-
tected from excessive current by fuses or equivalent device of
proper design. (See also Order 1141—b.)

Exception: Public utilities serving lighting systems need not place
overload protection between lighting generators and bus-bars where
1iwo or more generators operate in parallel or feed into a network sup-
plied from other sources, if reverse current relays are installed.

Note: ' For two-wire direct-current generators, single pole protee-
tion will be considered as satisfying the above order, provided the
safety device is so located and connected that the means for opening
saume is actuated by the entire generator current, and the action
thereof will completely open the generator circuit.

(2) For two-wire direct-current generators, used in conjune-
tion with balancer sets to obtain a neutral for three-wire systems,
a protective device shall be installed, which in case of excessive
unbalanecing of voltages will operate to disconnect the balancer
set and the connected three-wire system. .

(3) For three-wire, direct-current generators, compound or
shunt wound, a safety device shall be placed in each armature
lead, and also connected as to receive the entire current from the
armature. Such safety device shall be so interlocked that no one

pole can be opened without simultaneously disconnecting both
sides of the armature system. ) :

Exception: If such generators are designed to safely carry on each
side of the three-wire system the maximum load that may be placed
upon it by the opening of one of the outside lines and the carrying
capaeity of the neutral wire will not be exceeded by such load the
safety device need not be interlocked.

Note: The safety device may consist of either: (1) a double-pole,
double coil, overload circuit-breaker, or (2) a four-pole circuit-breaker,
connected in the main equalizer leads and tripped by means of two
overload devices, one in each armature lead.
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Order 1151. Transformers. (For Guarding see Order 1120—a,
for Grounding see Order 1122.)

(a) Location. (See also Order 1356, Seetion 135, Part 3.)
Transformers shall be so placed that fire and smoke from the
burning out of the coils or boiling over of the oil (where oil-filled
cases are used) ean do no harm. '

Note: For oil-eooled transformers used in stepping voltage up or
down before distribution, this will usually require a separate ﬁre-px"oof
building, room or compartment cut off from the plant proper, provld.ed
with not less than 6-inch non-combustible sill at doorway and with
floor drained to some convenient point outside the building. Tral.ns-
formers of the air-cooled type should be isolated from all other equip-
ment, and if of air-blast type should be supplied With_ air through fire-
proof ducts. ' |

(b) Current Tramsformer Secondary Circuits.  (See also
Order 1140—c.) - )

(1) Secondary ecirenits of current transformers, 1nclu(.hng
constant eurrent and instrument transformers, shall be provided
with means for short-cireuiting them, which can be readily con-
nected while the primary is energized and which are so arranged
as to permit the removal of any instrument or other deviee from
such cireuits without opening the cirenits.

Exception: (1) Current transformers supplying relays only, or
those having their primary circuits always disconnected before the
secondary circuits are worked on, are exempted from this orde‘r. .

(2) Where primaries are more than 7500 volts, secondary cireuits,
unless otherwise adequately protected from injury or contact of per-
sons, shall be in permanently grounded conduit. :

Section 123. Classification of Circuits According to Grade of Con:

struction Required.

Order 1230. Required Grade of Overhead Line Construction
and Arrangement of Levels
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PART 2

Electrical Supply and Signal Lines

SECTION 120. SCOPE OF ORDERS AND GENERAL REQUIRE-
MENTS

Order 1200. Scope of Orders,

The following Orders 1201 and 1299 inelusive apply to all
electrical supply and signal lines in overhead and underground
construction.

Note: (1) It is not the intent of these orders to recommend a type
of construction and all lines must be so designed as to meet service

requirements, the specified standards being regarded as minimum re-
quirements.

(2) Accepted good practice for the given local conditions should be
followed in all particulars not specified in these orders.

Order 1201. Design and Construction. (See also Orders 1012
and 1236.)

All electrical lines and equipment shall be of suitable design
and construction for the service and conditions under which they
are to he operated and all lines and appurtenances thereof shall
be eonstructed and maintained in aceordance with good modern
practice. ‘

Note: (1) The requirements of these orders as to spacing, clear-
ances, and strength of construction are minimum requirements. More
ample spacings and clearances and a greater strength of construction

than the specified minimum may be provided if other requirements
are not negleeted in so doing.

(2) Service requirements frequently call for stronger suﬁports and
higher factors of safety than the minimum requirements of these
orders.

Order 1202. Tines Temporarily Out of Service.

Lines temporarily out of service shall be inspected and main-
tained as though in service.

Order 1203. Lines Permanently Abandoned.

If any support, attachment or conductor of an overhead line
has been permanently retired from service, the same shall be re-
moved by its owners.

4
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Exception: Overhead service drops may be disconnected from the
circuit and allowed to remain in place when service is discontinued if
it iz undesirable to remove the service drops.

Note: For the purpose of this order a line not in service shall be
" considered as abandoned unless definite plans are entertained for its
future use.

Order 1204. Isolation, Guarding and Marking. (See also Or-
ders 1205—b and 1213—¢.)

(a) Current-Carrying Parts.

Conductors and other current-carrying parts of electrical sup-
ply lines shall be so arranged as to provide adequate clearance
from the ground or other spaces generally accessible to the public
and to the employes not authorized to approach such parts or
shall be provided with guards so as to effectively isolate them
from aceidental contaet by sueh persons.

(b) Non-Current-Carrying Parts.

In urban distriets, ungrounded metal sheathed service cables,
service conduits, metal fixtures, and similar non-eurrent-carrying
parts where liable to become charged to more than 300 volts to
ground shall be so isolated or guarded as not to be exposed to
accidental contact by unauthorized persons. Metal poles mot
gnarded or isolated shall always be specially grounded where in
contact with metal sheathed cable or metal cases of equipment
operating at more than 750 volts.

Note: Metal poles not guarded, isolated, or specially _grounded,
should always be considered as imperfectly grounded and the insula-
tors supporting line conductors as well as the strain insulators in
attached span wires should therefore have a suitable margin of safety
and be maintained with special care, to prevent leakage to the pole as
far as practicable.

(¢) Marking of Poles Carrying High Voliages.

(1) When poles or structures carrying voltages of 6000 or
more are within 100 feet of any school, within 100 feet of any
place where such line crosses a public highway or within the cor-
porate limits of any city or village, warning signs shall be placed
on all such poles or supporting structures of such line.

(2) Every such sign shall be stenciled on such pole or strue-
ture in black or red letters not less than two inches high on a
white background and shall read DANGER HIGH VOLTAGE.

Note: The Railroad Commission of Wisconsin has arranged to fur-
nish at cost proper stencils for the marking of poles in compliance
with this order.
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(d) Stepped Poles.

If supply conductors carrying voltages exceeding 300 volts to
ground are earried on poles stepped nearer than 6.5 feet from the
ground or from other readily accessible spaée or on eclosely lat-
ticed poles or towers, guards or warning signs shall be used to
protect against careless approach to conductors by unauthorized
persons.

Exception: (1) On poles carrying signal eable or twisted pairs be-

low supply conductors one wood block may be placed not less than 3.5

feet from the ground or other readi i
ily accessible pla i
of guards or warning signs. e IR e v

(2) Structures on fenced ri
( ght of way ne ) i
quirements of this order. Sl aro i bk

Order 1205, Grounding Circuits and Equipment.
(a) Methods.

P.ermanent grounding for lightning arresters, for cireuits, for
eqmpment, and for wire runways shall be done aceording tc; the
requirements of orders of Section 103, and Order 1313, Section
131, Part 3, except for signal circuit arresters, for vl;hieh see
Order 1391—g and h, Section 139, Part 3. ’

(b) Conduit, Cable Sheaths, Hangers, Ete.

In urban districts metal conduits, eable sheaths, frames, cases
?

. er
( o) 11pmel al e p ] mar elﬂtl and effe(f»“.vel

Exceptions: requi

equipmzlt:to?:; The above requirements need not be met when such
(1) G}Jarded from accidental contact of by unauthorized persons
(g) Eight feet or more from the ground or grounded surface. ‘

t0( ) When metal.conduit and cable sheaths enclosing signal condue-
rs or supply conductors of not more than 300 volts to ground

not exposed to probable contact with circuits of more than 300 voltsa::i

ground. (See also O
Part 3.) so Order 1204—b and Order 1313—c, Section 131,

frcf;l)te. dMetal conduit above ground, where containing extensions
. underground metal-sheathed cable, is considered as sufficientl
gmunded. by the sheath, if the sheath itself is in good contact 'tﬁ
e.arth or is connected to a permanent and effective g‘roun& (See VSV1
tion 108 Introductory Part.) It is recommended that sv:pply cable:;

have the sheath bond i i
;i ey onded to any conduit extending above the ground




52 INDUSTRIAL COMMISSION OF WISCONSIN

‘Order 1206. Arrangement of gwitches and Identification of
Equipment.

(a) Swiiches to Be Indicating.

All switches shall be readily accessible to authorized persons
and shall indicate clearly whether open or closed.

(b) Umiform Position.

To minimize operating erroxs the handles or control mechanism
for switches throughout any system chall have the same position
when open and a uniformly different position when closed.

Exception: When this is impracticable the switches should be so0
marked as to minimize the liability to mistakes in operation.

(¢) Location of Conductors. ,

All conduetors and equipment’ of electrical supply and signal
lines shall be arranged to oceupy definite positions, as far as prac-
ticable, throughout the gystem or shall be so construeted, located,
marked or numbered as to facilitate identification by employes
anthorized to work thereon. ) :

Note: This order is not intended to prohibit systematic trans-
position of conductors.

Order 1207. Tree Trimming.

When trees exist near line conduetors operating at voltages ex-
ceeding 800, they shall be so trimmed that neither the movement
of the trees nor the swinging or increased sagging of conductors
in wind or ice storms or at high temperatures will bring about
contact between the conduetors and the trees, or elearance shall
be secured by increasing heights of poles or by other means.

Exception: When conductors operate at voltages less than 7500,
where trimming is difficult, the conduetor may be protected against
grounding through the tree and against abrasion by interposing be-
tween it and the tree cufficiently non-absorptive and substantial in-
sulating, tubing or strip, or the use of tree wire.

Note: This order should not be construed as granting permission
to trim trees without consent of the owner.

SECTION 121. GENERAL REQUIREMENTS IFFOR POLE LINES

Order 1210. Compliance with Other Orders and Special Pre-
cautions,
(a) Other Orders.
(1) The orders of this section apply to all pole lines whether
or not they are required by Section 123 to have a definite grade
of construetion. The additional requirements for supply lines in

ELECTRICAL CODE—ORDER 1211 53

those situations which are required to have a definite grade of
construction, A, B, C, will be found in Sections 125, 126 and
127. Orders 1211, 1212, 1213 and 1217 apply also to si’gnal lines
whether or not they are required by Section 123 to have a
definite grade of congtruction.

(2) 'I‘he.clearances and separations of conductors, elimbing
space, vertical wiring on all poles and eclearances fjrom other
structures shall comply with the requirements of Section 122

(b) Special Precautions. - '

Where conductors are attached to structures other than those
used Sf)lely or principally for supporting lines, all orders shall be
eom];.)hed with in so far as they apply, and such additional pre-
gautwns as may be deemed necessary shall be taken to avoid in-
jury to such structures or to the persons using them,

Note: The s ti
s oy supporting of conductors on trees and roofs should be

Order 1211. Location of Poles and Towers.
(a) Clearances from Hydrants.
goll}es, towers and other supporting structures and their guys
z,n races shall be so located as to provide horizontal clearances
;om them to the nearest point of hydrants and signal pedestals
of not less 13]13,11 3 feet and to street edge of curb (unless strucn—
tures are suitably protected from traffic) of not less than 6 inches
Note: (1) It is recommended that :
L the clearanc ]
hydrants and signal pedestals be not less than 4 fer:af MhPE e PR
(2) When hydrants are located at street corners, poles should not be

set so far from the corner as to mak
. . e necessary the us flyi
inaccessible from the poles. (See also Order 1215—a )e = L

(b) Guards.
ﬂfvhere necessary, poles and towers exposed to abrasion or
other damage which would materially affeet the strength of the

~support, shall be protected by guards.

(e) Clearance from Ruail.

;Where ra'llway t.racks are paralleled by overhead lines, the
f]f es shall, if practl.cable, be located not less than 12 feet jfrom

e nearest track rail, except that at sidings a clearance not less

than 7 feet is allowed. At loadi idi i
: j ng sidin,
st i g es sufficient space must

Note: Supports for overhe ‘
; ad trolley contact conductors m
located as near their own track rail as conditions require o

ose, y P 5 on )
clos llc)wevei ern anent screen cars will be necessar Yy to le)tECt

If very
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(d) Protection from Fires. e
Poles and towers shall be so placed, guarded and malntalﬁed
as to be exposed as little as practicable to brush, grass, rubbish

or building fires.

Order 1212. Guys and Anchors.

(a) When Required.

‘When the mechanical loads to be imposed on poles, towers or
other supporting structures are greater than can be safely sup-

ported by the poles or towers alone, additional strength shall be

provided by the use of guys, braces, or other suitable construe-
tion.
(b)) Angles and Dead Ends.

Guys shall be used when necessary to balance conductor
stresses, as at corners, angles, dead ends, and changes of grade
of construction. .

Note: This is to prevent undue increase of sags in adjacent spa..ns
as well as to provide sufficient strength for those supports on which
the stresses are considerably unhalanced.

(¢) Guys Take Total Load.

When guys are used with wood or other poles or towers ca-
pable of considerable deflection before failure they shall be able
to support the entire stress in the direction in which they act, the
pole acting simply as a strut. The guy shall be attached to the
strueture as mear as practicable to the center of the conductor
load to be sustained.

(d) Guy Fastenings.

Guy wires shall be stranded and where attached to anchor rods-

shall be protected by suitable guy thimbles or equivalent. Cedar
and other soft-wood poles to which any guy having a strength of
10,000 pounds or more is attached, shall be proteeted by th‘e use
of suitable guy shims, and in this case guy hooks or OFhe].T suitable
means shall be provided to prevent the guys from slipping along
the poles, Guy hooks or equivalent shall also be used Where-velf
the horizontal distance from anehor to pole is less than two-thirds

" the vertical distance from the ground line to the point of attach-

ment.

(e) Guy Insulation. i .

Guys attached to metal poles or structures shall bfe insulated
from then by suitable blocking, when liable to Ibe subject to elec-

trolysis of the anchors, unless insulators are placed in the guys
themselves.
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() Anchor Rods.

Anchor rods shall be so installed as to be in line with the pull

of the attached guy when under load, except when installed in
rock or conecrete.

Order 1213. Insulators or Mechanical Guards for Guy and
Span Wires.

(a) Where Required.

Kach guy wire or guy cable attached to any pole or structure
carrying supply eonductors of more than 300 volts to ground,
and not more than 15,000 volts, or where exposed to such voltage
by other lines shall be equipped with one or more effective in-
sulators located not less than 8 feet above the ground, and at
such a point that if the guy wire breaks at or below the insulator
or a supply conductor falls upon it, the part above the insulator
cannot be reached by pedestrians.

Exception: (1) The placing of an insulator in a guy wire or guy
cable will not be required where the guy wire or guy cable is elec-

trically connected to grounded steel structures or to a ground connec-
tion on wooden poles.

(2) Where guy wires are uniformly permanently grounded (see Sec-
tion 103 Introductory Part), throughout any system of overhead lines,
strain insulators will not be required.

Note: Insulators should, where possible, be placed at least 6 feet
from the pole.

(b) Two Insulators. i |

‘When the guy wire to any pole earrying supply or signal con-
duetors, or both, is carried above or under overhead supply con-
ductors of more than 300 volts to ground, two or more insulators
shall, where hazard would otherwise exist, be used so that so far
as possible the exposed section of the guy wire shall be between
two insulators. Neither insulator shall be within 8 feet from the
ground.

{e) Grownding of Guys.

The anchored end of the guy wires attached to wood poles
carrying lines of more than 15,000 volts shall, except in rural dis-
tricts, be permanently and effectively grounded (see Section 103,
Introductory Part) wherever this part of the guy has a clearance
of less than 8 feet to ground. _

Exception: If an insulator is used which is permanently effective

against the highest voltage which is liable to be impressed upon it,
the above requirement as to grounding need not be met .
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(d) Location of Imsulators. _ :

Where guys in which it is necessary to install insulators are so
arranged that one crosses or is above another, insulators shall ‘be
so placed that in case any guy Sags down upon another the in-
qulators will not beeome ineffective.

(e) Strength. _

Guy insulators shall have a mechanical strength at least equal
to that of the guys in which they are installed.

(£) Span Wire Insulators. _

All span wires, including bracket span wires shall have two
suitable insulators inserted between each point of support of the

span wire and the lamp or trolley contact conduetor supported. -

Exception: (1) Single insulation is permitted in t‘rolley lspa;;nw \Hze
or hracket when supported on wooden pol_es supportmg onfythmraislr:
yailway feeders or signal conductors used in the operation 0t ¢ eWhLen
way eoncerned or on wooden poles supportmg.other cor.Lduc ors i
the insulator used is permanently offective against the highest voltag

jch is 1 e impressed upon it.
Wh(ISI 1’Is‘hlilsa21:i:1? f]i]oes nI;t apply to insulated feeder taps, used also as

span wires. . ) :
51’(3) If an insulated hanger is used, such insulated hanger may be
congidered as one of the required insulators.

(g) Imsulalors in Suspension Bopes.

Effective insulators shall be inserted at Jeast 8 f_eet from the
ground or grounded surface in metallie suspension TOpes oOF
chains supporting lighting units.

(h) Mechanical Guards. .

The earth end of all guy wires or cables attached 'to buried
anehors where exposed to traffic shall be provided with a sub-
stantial and conspicuous wood or metal guard not less than 8 feet
long. N

Note: It is recommended that in exposed and pooﬂ)f lighted loca-
tions such guards be painted white or some other consplcuous color.

Order 1214, Transformers, Regulators, Lightning- Arresters,
Switches and Similar Equipment on Supply Lines.

(a) Location on Pole, '

Transformers, regulators, lightning arvesters, switches and
similay equipment when located below conductors or other attach-
ments shall be mounted outside of the climbing space. ! On buek-
arm fpoles the climbing space and the lateral working spaces
parallel to either the line arms or the buckarms shall be kept
clear, if practicable. (See also Orders 1223 and 1225.)
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(b) Guarding.

Current-carrying parts of switches, automatic cirenit breakers
and lightning arresters, if of more than 300 volts and located on
the elimhbing side of the pole, shall be enclosed or suitably guarded
if less than 20 inches from the pole center, except when located
on or above the top erossarm. The spacing between transformers
and similar equipment of supply lines, and signal equipment in-
cluding eonductors shall not be less than is required for the spac-
ing hetween supply conductors and signal conduetors in gimilar
situations . (See Table 8, Order 1223.)

(¢) Working Space.

All current-carrying parts of switches, fuses, lightning arrest-
ers, also transformer connections and other connections which
may require operation or adjustment while alive and are exposed
at such times, shall be so arranged that in their adjustment
while alive, the hand need not be brought nearer to any other
current-carrying part at a different voltage than the clearance
from pole surfaces required in Table 5, Order 1221, for con-

duectors of eorresponding voltages. (See also Orders 1424, 1425,
1426.)

Order 1215. Branch Connections,

(a) Aeccessibility. '

Connections of branches in supply ecircuits, service loops, and
equipment in overhead construction shall be readily accessible to
authorized employes. When possible, eonnections shall be made
at poles or other structures. (See also Order 1211—a.)

(b) Clearances.

Such eonnections shall be so supported and spaced that swing-
ing or sagging cannot bring them in contaet with other con-
duetors or interfere with the safe use of pole steps, or reduce the

climbing or lateral working space. (See also Orders 1225 and
1226.) '

Order 1216, Lamps. (See also Order 1363, Section 136, Part
3.) '
(a) Location.

All exposed metal parts of lamps and all such parts of their
supports unless effectively insulated from the parts earrying cur-
rent shall be maintained not less than 20 inches from surfaces of
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pole structures if of wood and maintained at a suitable height
ahove roadways and footways. '

Exception: Lamps at pole tops may have less clearance than the
above. ¢

Note: When lamps are maintained on the side of the pole structure
opposite that designated as the climbing side this clearance may be
reduced to 5 inches.

(b) Material of Suspension.

The lowering rope or chain for lighting units arranged to be
lowered for examination or maintenance shall be of a material
and strength designed to withstand climatie conditions and to
safely sustain the lighting unit. The lowering rope or chain, its
supports, and fastenings shall be examined periodically. (See
also Order 1213—¢g.)

Order 1217. Poles and Crossarms.

(a) Poles.

Poles used for lines for which no designated grade is required
chall be of such initial size, and where necessary S0 enyed or
braced as to safely withstand the loads to which they may be sub-
jected, ineluding linemen working on them. (See also Order
1212.)

(b) Crossarm Bracing.

Crossarms shall be securely supported, by bracing, if neces-
sary, so as to safely support loads to which they may be subjected
in use, including linemen working on them. Any crossarm or
buckarm except the top one shall be capable of supporting a
vertical load of 225 pounds at either extremity in addition to the
weight of the conductors.

(¢) Location of Crossarms.

In general, crossarms shall be maintained at right angles to the
axis of the poles and to the direction of the attached conductors,
and at crossovers shall be attached to that face of the strueture
away from the crossing, unless special bracing or double eross-
arms are used. The Wisconsin statutes require double crossarms
at all steam railroad crossings.

Note: Double crossarms are generally used at crossings, unbal-
anced corners, and dead ends in order to permit conductor fastenings
at two insulators, and so prevent slipping, although single crossarms
might provide sufficient strength. To secure extra strength, double

crossarms are frequently used, and crossarm guys are sometimes used.
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(d) Pole Setting.

. ‘Wooden poles set in earth shall be set in a manner which will
give the pole sufficient stability to safely carry the loads which
may be placed upon them, (See Table 44 in appendix for recom-
mended depths of settings.)

(e) Pole Identification.

(1) Each utility owning in whole or in part, poles, towers
or struetures for supporting supply or signal conductors sha]l,
paark such struetures with the initials of its name, abreviation of
its name, corporate symbol, or other distinguishing marks, as
follows : ,

‘( I} In a community where a particular kind of service is sup-
pl{e.d by only one utility, struetures owned in whole by this
utility need not be marked.

.(II) In a community where a particular kind of service is sup-
plied by more than one utility at least every fifth strueture
owned in whole shall be marked by each such utility.

.(¥II) All jointly owned struetures shall be marked by all
utilities owning an interest.

) Exception: The n?arking of the first, last and each tenth interven-
ing st?ucture of .con’.emuous runs of uniformly and jointly owned struec-
Fures in -urban districts and the marking of the first, last and fortieth
intervening structure in rural districts will be considered compliance.
- h(IIV) Sjcruetures adjacent to a point where the ownership in
whole or in part changes shall be marked by th iliti
e ' : v the utilities con-
(V) Struetures at one side of railroad crossing shall be marked.
: Note: The maFking of the nearest accessible structure within 700
eet of the crossing shall be considered compliance.
" ISI’I} Double struetures, such as span poles, supporting wires,
fixtures, ete., shall be identified by marking one structure
of the pair. :
(2) The id’entiﬁcation marks shall be made with paint, stamps
l;metal tags, i?rands, or other effective means. The marks shall
e of such size and so spaced and maintained as to be easily
readable from the ground.
2 (3) The identification mark shall be placed where practicable
etween five and seven feet from the ground and on the side of
the structure facing the ordinary vchicle traffic.

Note: It is recommended that all joint ownership or occupancy of

poles be covered by written contract i
parties involved. acts or agreements between the
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Order 1218. Conductors.

(a) Material.

All supply conductors shall be of copper, aluminum (with or
without steel reinforecements), copper-covered steel, or other ma-
ferial which will not eorrode excessively under the prevailing
conditions. If of iron or steel and not copper-covered, con-
duetors shall be galvanized.

(b) Minimum Size.

Supply line conductors in urban distriets shall be not smaller
than listed in the following table:

TABLE 1.—MINIMUM SIZES OF SUPPLY CONDUCTORS
(URBAN DISTRICTS)

T T D A M No. 6 A. W.G.

d or Medium Dr OB s v s v wpisss e n win g o ST R I S I No.8AW.G.

S Rt el BT e - No. 9 50l W. .
Spans 150 Spans Over

Htranded Aluminum Teet or Less 150 Feet

e e e e e e e e e

Notointoresd ., . sl s shamemarp o ednbeat e No.1A. W.G. No, 0A. W.G.

b0l TEADIOTOEM . 1 v o v e e s vnnesihnmessrntsnnes e No. 6 A. W. G No. 4 A. W. G.

Note: It is recommended that except as modified in Table 9, Order
1246, these minimum sizes for copper and steel be not used in spans

longer than 150 feet. Lightning protection wires paralleling the line

conductors shall be regarded, in respect to size and material require--
ments, as supply conductors.

(¢) Protective Covering.

All supply eonductors in urban digtriets, except trolley con-
taet conductors, operating at less than 5000 volts between con-
duectors, when installed, shall have standard weatherproof cover-
ing or its equivalent.

Order 1219, Minimum Sizes and Sags of Service Leads.

(a) Move than 750 Volts.

Supply service leads of more than 750 volts to ground shall
comply, as to sizes and sags, with the requirements for supply
line conductors of the same voltage.

(b) 750 Volts or Less.

(1) Supply service leads of 750 volts or less in spans not ex-
eeeding 150 feet shall be not smaller than the sizes listed in the
table below. Such leads shall have sags not less than 12 inches
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.for‘spans 100 feet or less, 18 inches for spans up to 125 feet an(i
27 inches for spans up to 150 feet. !

TABLE 2—MINIMUM SIZES OF SERVICE LEADS OF NOT MORE THAN

750 VOLTS
ik Situation Span 150 Feet or Iess
4 R R PR PR No. 10 if soft copper
Concerned with signal lines il
th signal lines............. No. 12 if medium
Over supply lines of less than 750 volts... | No, 12 if steel it

Over trolley of less than 760 volts.......
Over any trolley in rural districts No. 8 if soft copper,

Over supply lines of 750 to 7500 volts.... (No. 10 if medium or hard copper.

Over supply lines of i
rer supply lines of more than 7500 volts | No. 12 if steel.

Over trolley lines of more than 750 volts| No. 6 if soft copper.

in urban districts
............. evven. | No, 8 if medium or he 3
Over supply lines of more than 7500 volts [ No. 9 if steel ot

in ur istri
B GIEEEEEE. L v e brrereen e e —Grade C requirements.

_ (2) Supply service leads of 750 volts or less in spans exceed-
ing 150 feet shall be not smaller than required for Grade ¢ in
Table 9, Order 1246, and shall have sags not less than required
for Grade C in the sag tables of Appendix A, .

(e) Cabled Service Leads.

In lieu of sepa'l:ate econductors supply service leads may be
grouped togethe-r in a cable, no individual conductor of which
shall be of less size than permitted for separate conductors. The

sags shall be the same as required above, for the individual con-
ductors where carried separately,

SECTION 122T CLEARANCE AND SEPARATION OF WIRES

Orde-r 1220, OClearances of Conductors and Wires at Cross-
ings.

(a) Heights of Wires.

The clear space hetween the lowest overhead line conductor
guy, messenger, arc or trolley span wire or lightning protectiori
wire and the surface of rails, streets, highways, alleys or gen-
erally accessible spaces aeross or above which the former pasy
sh:a.ll not be less than that given in Table 8 at 60° F. with nc:
wind, where the conductor or wire has fixed supports' and th
span does not exceed 150 feet. g
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The Wisconsin Statute reads as follows:

“Electric Lines on Highways; Place of Poles; Penalty, Section
13“2‘!21?' Any person, firm or corporation may, with the wn?’.e: (;(fm::lx:
of the supervisors of the town, construct and operate a 1§'tin iy
graph, telephone or electric wires f?r the purpose of transmb o gt0 t}{e
or power along or within the limits :f. ar(lly highway, subj

icti onditions herein contained. ;
re?j:{;(;tlz?ls paorllgscused in the construction of such lines lsh;tll bebsett}ll:
such manner as not to interfere with the use of such hig wa:;heji‘eof.
publie nor with the use of the adjoining land by the_owialer o :
and all wires strung upon such poles shall be not less t anfwrtez'n_
four feet above the ground at all crossings and not lgss than fou
feet above the ground at all other places.”

“Poles, Crossarms, Wires: 1?;zl;:suri’cyi Distance, Heights, Section
-a—1.

“It shall be unlawful for any person, firm or cor_‘poratlo'.% to ;t:‘;;g:
any wire, electric or other, over the tracks 'of_ any stear_n rai rt;)an i
pany except in accordance with the provisions of this sic }c:d e
such wires shall be suspended over a double crossarm a;, ac 1—; =
pole at each side of the erossing. The poles shall no_t bt? ess anund
inches in diameter at the top, set not less_than five fee?.t in :. ef g'ro::2 atex,-
securely guyed, and, unless the railroad right of way is no (:: f;‘ iy
width, shall be set not more than one hundred feet apar

i i ied to insulators on pins set in the
srossings. All such wires shall be tie :
Zrossarms. The crossarms shall be attached to the poles by machine .

holts and braced by at least ane iron brace from each crossarm 1i:o {1::1};2
pole. All such wires ghall be maintained not l.ess than tx:;n i—ree‘c
fect above the surface of the rails at such crossing except : ) i
railway trolley wires shall be maintair;ad not less 1,;Jhan twenty-two
surface of the rails at such crossings. y
abg‘fr{.:itl,?n?ad Comniission to Enforce; Penaltie.s, Section 1778—3—2:t.h
“The Railroad Commission of Wisconsin is hereby vesf'?qg wi :
authority to enforce the provisions of Sections 1778-a—1 and : Si:;—to
and any person, firm or corporation ordfared by the con[lirr;l;TS‘a—z
change its wires so as to comply with .Sec.:'mon 1778-a—1 an LR
failing to comply with such order within _ten days from : e s a8y
thereof shall be liable for a penalty or forfeiture of twenty: ve }?’ irié
and to a like penalty or forfeiture for every tE‘l.’l d_ay_s during whic o
shall fail to comply with the order of the commission, unless a grea i
length of time to make such change shall pe specified by thfll;on;n:rhe
sion in said order, or in the manner provided by chapter 0
statutes for the collection of forfeitures.”
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TABLE 3.—CLEARANCES FROM RAILS, STREETS, HIGHWAYS, ETC.

The numbers represent the clearances in feet to be provided by the con-

ductors or wires of classes specified at the heads of columns above places
specified at the side of the table.

Signal All Con- All Con-
Conductors, ductors ductors
Messengers, Operating Operating
Guys, Spans, at Voltages at Voltages Trolley
ng’ﬁtm.ng from 300 from contact
= 3 Proteetion Volts to 15,000 Conduetors
Nature of Crossing Wires, and Ground up to (not feeder
Supply Lines to 15,000 50,000 cables)
and Serviees Volts Volts
- Lesg Than Between Between
300 Volts to Conductors Conductors
Ground
; Teet Feet ]
Crossing above track rails of steam rail- et e
20741 R ——— SRR R e 1) 27 1) 28 30 22
Along streets or alleys in urban distriets EE% 18 W 20 22 (3) 16
Crossing_streets or roads in urban or
gl digbrintel | AL LA 24 24 24 2
Along the roads in rural districts or other
places where vehicles are liable to pass | (2) 14 18 20 (3) 18
Crossing above spaces or Ways acecssible
to pedestrians only................... (4) 10 15 17 (3) 18

(Reference numbers refer to exceptions and additions below.)

Exceptions and Additions to Table 3.

(1) This clearance may be reduced to 25 feet when paralleled by
trolley contact conductor on same street or highway.

(2) This does not apply to guys which are not carried over, but
merely beside, streets or alleys unless also over driveways, Over road-
ways to residence garages 10 feet is sufficient clearance.

(8) This clearance is the minimum clear height in the middle of the
trolley contact conductor span and the point of support at the trolley
hanger should be at a height not less than 2 feet in addition to this
minimum, thus allowing 2 feet for the total maximum sag at 60° F,
in span wire and trolley contact conductor.

For trolley contact conductors of more than 750 volts to ground this
clearance shall be increased by 2 feet.

(4) For guys 8 feet will be sufficient and no clearance is required for
anchor guys not passing across pathways, or for those parallel with
sidewalk curbs where traffic guards are provided.

{(b) Imcreased Clearances.

(1) For spans exceeding 150 feet clearances shall be increased
by 1 inch for each 10 feet of the excess between 150 and 300 feet
and by 1 inch for each 20 feet of the excess beyond 300 feet.

(2) For veltages over 50,000 the clearanees given shall be in-

creased at the rate of one-half inch for each 1000 volts of the
eXCess.
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(3) Where the lowest supply conductor at a crossing over

track rails is supported by suspension insulators the initial clear-

ance shall be sufficient to prevent the minimum clearances over
rails given in table above from being reduced more than 10 per
cent through the breaking of a conductor in either adjoining
span.

(4) Provisions for inereased clearances are cumulative when
more than one applies.

Note: The arrangement of insulators so that they are restrained
from displacement toward the erossing will avoid the necessity of any
increase over the clearances given,

(e) Conductors and Wires Crossing Others. Clearances at
Wire Crossings.

The clear space between the lowest overhead line conductor or
wire and any other conduetor or wire over which the former
crosses (except for crossings between conductors and guy wires
or span wires on the same poles for which see Tahle 5, Order
1221) shall not be less than that given in the following table at
60° T. with no wind where the upper conduetor or wire has
fixed supports and the sum of the distances from the point of

intersection to the nearer supporting structure of each span does
not exeeed 100 feet. |

Note: Except in case of trolley contact conductors and asgociated
feeders, lines operating at higher voltages should cross at higher
levels.

TABLE 4 WIRE-CROSSING CLEARANCES IN FEET
A e e e T

Conductors Crossing Over

2 Guys,
Conductors| Services |Conductors (Conduectors|messengers,
Signal | operating operating | operating operating [span wires,
conductors|at 0 to 750| at Less at 750 at 7,500 | Lightning
Volts than 760 | to 7,500 | to 50,000 TProtection

Volts Volts Volts Wires

Conductors Crossed Over

S S

B e T oo

Signal including their cables and
INEISENEEIB. 4 o cvvvenensaseses 2 (2) 4 2 4 6 2
Conductors operating at 0 to 750
NOT Lt s s s Sy e # 4 2 2 2 4 2
Conductors operating at 730 fo
7,500 VOIS, .ovnveeeezees s * 4 * 2 * 4 2 4 4
Conductors operating at 7,600 to
50,000 VOIS, ..o oo eizees * 6 ¥4 # 6 # 4 4 ]
Trolley contact conductors and as-
sociated feeders. . .........: tasv @) 4|3 @4 4 6 6 4
Cluys, messengers, Epan Wires,
lightning protection wWires and
i 2 2 ] 4 4 12

gervice loops... ..o iiiiiiin e
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1 Note: = (1) Reference numbers refer to except_ioné and additions be-
oW, iy

(2) An asterisk before a clearance indicates that lin;as operéting at
the .Vn.)ltag'e_s ..stipulated at the top of the column in which the clear-
ance in question appears should not cross over the type of line indi-
cated in the horizontal heading for this clearance.

Exceptions and Additions to Table 4.

(%.) Cpmpletely insulated sections of guys to supporting structures
having no conductors operating at voltages hi‘gh_er'thén 7500 may
have less than this clearance from each other. el

(2) A clearance of 2 feet will be permitted where the supply con-
dL.wtc.ar is above the signal conductor provided the erossing is not
within 6 feet from any pole concerned in the crossing and the voltage
to ground does not exceed 300 volts. ) :

(3.) Trolley contact conductors above 750 volts should have at least
6 feet clearance. This clearance should also be provided over lower
x'oltage trolley contact conductors unless the crossover conductors
are beyond reach of a trolley pole leaving the trolley contact condue-
tcor or are suitably protected against damage from trolley poles leav-
ing the trolley contact eonductor. :

(4) Trolley feeders are exempt from this clearance requirement if
they are at the same nominal potential and of the same system.

(d) Increased Clearances.

. (1) Where the sum of the distances from the nearest support-
ing struetures pf two spans eoncerned to their point of erossing
exceeds 100 feet the clearances shall be increased by 2 inches for
fzaeh 10 feet of the excess between 100 and 200 feet and by 2
inches for each 20 feet of the excess beyond 200 feet.

(2) For voltages over 50,000 the elearances shall be inereased
at the rate of one-half inch for each 1000 volts of the exeess.

(3) Where the upper line at a crossing between two lines is
supported by suspension insulators, the clearances above lines
erossed shall be increased sufficiently above those given in the
preceding table to prevent the clearances from being reduced by
the breaking of a conductor in either adjoining spé,n by more
than 25 per cent below the specified clearance. e

(4) The above inereases are cumulative when more than one

applies,

Note_: The arrangement of insulators so that they are restrained
:.Erom displacement toward the crossing will avoid the necessity of any
increase over the clearance given. I
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Order 1221. Minimum Values of Line Conductor Clearances
and Horizontal Separation at the Supports.

(a) Clearances and Separations.
At any fixed support the clearances of line conductors from

‘their supporting structures and attachments thereto (except in-

sulators to which any conductor is attached), and the horizontal
separation between any two line conductors, shall not be less than
the values given in the following table. (The requirements of
Order 1222 apply if they give a greater separation than this

order.)

Exception: (1) Clearances between individual wires or cables sup-
ported by the same messenger or between any group and its support-
ing messenger are not subject to the provisions of ‘this rule.

(2) The clearances or separations stated may be measured from
the center of the supporting insulator instead of from the conductor
itgelf. : ;

- (8) Cables, duplex, triplex, and twisted pair conductors, supported
on insulators or messengers, whether single or grouped, may be con-
sidered single conductors, even though they may contain individual
conductors not of the same phase or polarity.

TABLE §.—MINIMUM LINE CONDUCTOR CLBARANCES AND
SEPARATION AT SUPPORTS

Applying to conductors of the same circuit or of different circuits. (See -

also Order 1223 for lateral working space.)

Clearance
from Span Clearance
and Gug%ﬁma from Surfaces
Horizontal Attached to of Poles or
Separation the Same Pole Crossarms
Classifieation Coneerned hetween or from Ver= or from
Conduetors tical or Vertical or
not of the Lateral Lateral
Same Phase Conductors Conductors
or of Other of the Same
Polarity Cireuits Cireuit
Inches Inches Inches
STRABL. o o v omre s i Sy g s s (1 6 3 2) 3
Direct current railway feeders No. 4-0 or larger,
0750 VOIS .+ 2 . v vvewewversmmnearpearaensenss 6 (3) 6 3
Railway feeders 750-7,500 volts and dircot current -
railways below No. 4-0, 0-750 Folbg; « o v sssan ) 12 (3) E&) 6 3
Supply conductors 07,500 volts.......o0poveor s (6) (4) 12 (3) (6) 6 3
Taor ail conductors above 7,500 volts add for each .
v, over 7,500 volta. .ooveeen i it 0.4 (6) 0.4 0.25
.

(Reference numbers vefer to exceptions and additions below.)

Exceptions and Additions to Table 5.

(1) The preferable minimum separation is 6 inches, but where
crossarms having less pin spacing than this have been in regular use

a separation of 3 inches will be permitted. This requirement does not
apply at points of transposition of signal line conductors.
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(2) Signal conductors may be attached to supports on the sides or
bottoms of crossarms or on the surfaces of poles if at least 4 feet
from any supply line operating at less than 7500 volts and at least 6
feet from any supply line operating at voltages exceeding 7500 volts
carried on the same pole or structure.

(3) Where i@ trolley feeder, supply line or signal line is supported
by the span wire concerned this clearance is not required.

(4) Where a separation of 10 inches to 12 inches has already been

established by practice for spans having apparent sags of not over
3 feet (See Appendix A for apparent sags in level spans for different
grades of construction) and operating at voltages not exceeding 7500
the minimum separation may be continued subject to the provisions
of Order 1222.
) (5) Clearances from these conductors to guy, span, messenger Or
lightning protecting wires run in the direction of the line shall not be
less than the separation required between two line conductors of the
voltage concerned.

(6) Where conductors operating at less than 750 volts all of one
material are supported on vertical racks in spans averaging not to
exceed 150 feet, the minimum separation of 12 inches may be reduced
to one-third of the values given and applied for vertical cleafance.
(See also Orders 1223—g.)

(h) TLocation of Wires.
Supply lines of any one voltage classification (See Table 8,

‘Order 1223), may be maintained on the same crossarm with the

supply lines of the next consecutive classification under any one
of the following eonditions:

(1) If they oceupy pin positions on opposite sides of the pole.

(2) If in bridge-arm construction they are geparated by a dis-
tance of not less than the climbing space required for the hig_her
voltage concerned and provided for in Order 1225.

(3) If the higher voltage eonductors occupy the outer pin
positions and the lower voltage conduetors the inner pin posi-
tions,

(4) If series lighting or similar eircuits, which are ordinarily
dead during periods of work on or above the crossarm concerned,
occupy the inner pin position and the lower voltage conduetors
occupy the outer pin position.

(5) If the two lines concerned are signal lines used in the
operation of supply lines and supply lines of less than 7500 volts
and are owned by the same utility, provided they are installed
as in (1) or (2) above.
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Order 1222. Required Line Conductor Clearances and Sep-
arations at the Supports. L

(a) Line Conductor Separations According to the Sags. (See
also Table 5, Exception 4.) ' J

(1) The separation at the supports of the conductors of the
same or different cireuits shall in no case be less than the values
given in the following tables at 60° I, with no wind.

(2) The requirements of Mable 5 shall apply if they give a
oreater separation than this. :

TABLE 6.—SEPARATION IN INCHES FOR CONDUCTORS SMALLER
THAN NO 2 A W G : fa

Heparation for Sags Shown

36 48 72 96 120 180 240
24.0 29 34 43 51
24.5 30 35 44 52
25.5 31 36 45 53
28.5 34 ag | 48 b
33.0 38 43 53 60

37.0 43 47 57 64

TABLE 7—SEPARATION IN INCHES FOR LINE CONDUCTORS NO. 2
A. W. G. OR LARGER i

fag in Inches
Voltage | 1 | -
|3 | 8| ™ 96 | 20| 1ol 210
wol o | a2 22 27 31
145 175 | 2t 23 28 32
58 i85 | 2| 2 2 23
185 ols | o4 27 32 36
............................ % |8 35 1
> 1L bbbl 0] IR W S PR L PN 36 i i

Note: The formulas used in the ‘derivation of the above separa-
tions are as follows,—for other voltages separation may be calculated
by the same formulas. /

For conductors smaller than No. 2 A. W. G.
Separation—.2 in. per K. V.+6V/3—S8.

For conductors No. 2 A. W. G. or larger.
Separation=.2 in. per K. VATV,

S is the apparent sag in inches of the conductor having the greater
sag and the regultant separation is in inches. K. V. is the maximum
voltage of conductors concerned. | i

The blank spaces in the table indicate that for these sags and volt-
ages the values obtained by Table § are greater than those obtained
by the above formula and therefore apply.
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(b) Inereased Line Conductor Separations and Clearances at
the Supports if Suspension Imsulators are used.

(1) Where suspension insulators are used and are not re-
strained from movement, the values of conductor separations
required by Table 8, Order 1223 or by (a) above shall be in-
ereased by one-half the length of the suspension insulator string.

(2) Where suspension insulators are used and are not re-
strained from movement the conductor clearance from surfaces
of supports, from span or guy wires, or from vertical or lateral
conductors, shall be such that the value of elearances required by
Table 5, Order 1221, will be maintained with an insulator swing
of 45° from the vertical position.

Order 1223, Minimum Lateral Working Space and Vertical
Separation Between Conductors at Different Levels.

(a) Height of Working Space. . :

The lateral working space between supply conductors and be-
tween supply and signal eonductors at different levels shall have
an approximate vertical height of not less than that given in
Table 8 of this order with a minimum of 2 feet. -

(b) Width of Working Space.

This space on the elimbing side of the pole extends laterally
from each side of the elimbing space to the outer pin position ol
the arm and with a minimum horizontal width from the face of
the crossarm equal to the width of the elimbing space required for

the highest voltage conduetors concerned. (See also Order
1225 a.) :

~ (e) Freedom from Obstruction.
NO vertical or lateral conduetors shall obstruet this working
gpace. Such conductors, it not on the opposite side of the pole

from the elimbing side, must be at least as far from the erossarm

as the width of the elimbing space required for the highest voltage
conductors concerned.

(d) Only One Buck Arm,

Since buck arms obstruct the lateral working space between lin
conduetors not more than one single or double buck arm shall be
placed on any pole, unless the voltage of all conductors eoncerned
on the buck arms and adjacent line crossarms above and helow
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does not exceed 750, or unless the lateral working space required
by Table 8 of this order is provided between the conduct?rs
attached to the buck arm and the conduetors on the adjacent line
arms to which the conduetors on the buek arm are not commected.

Note: This may be accomplished by increasing the spacing between
the line crossarm gains.

(e) Minimum Vertical Separations Between Conductors on the
Same Structures but on Different Crossarms. 7
' The vertical separations between conductors of the same or
different voltage classification when carried on the same struc?;ur.e
but on different erossarms shall not be less than the values given
in Table 8 of this order.

Exception: (1) The provisions of this order do not apply to the
vertical spacings between lines at different levels where men are not
permitted to enter the spaces while the lines are alive. )

(2) Trolley contact conductors and their associated feeders, which
for convenience are carried at approximately the same level, may be
carried at levels below signal lines if at least 4 feet below signal lines
for public use and 2 feet below signal lines used only in the operation
of supply lines. :

Note: In general conductors of lines operating at the voltages 1n-
dicated at the heads of columns are to be installed at levels above
those at lower voltages to the left of the table when carried on the
same structures with the exceptions in (f) and (g) of this order and
sn Orders 1221—Db, 1254—a and 1273—d.

AT LN, VERHICAL SEEARATINE I SRR B

CLASSIFICATION WHEN CARRIED ON THE SAME
SSTRUCTURE BUT DIFFERENT CBOSSARMS

Supply Conductors at Higher Levels

Different Same
Conductors at Lower Levels S 1 Dt
0 to to 15,000 15,000
to 7,600 15,000 _to _to
760 Volts Volts 50,000 50,000
Volts (1) n Volts Volts
g ap0no ofl) 0T LG e St
Teet Teet : Feet
ignal li Gl . Bt
Signal LNES, oo, ovvveerngoee e s :
Signal Jines used in operation of supply lines. ... 1 g ri_
Dto7h0 volts...oovoeeerennnns - . g :
750 to 7,600 volts. . e TE e s g :
7,500 to 15,000 volts..

(Reference numbers refer to exceptions and additions to table.)

" Exeeptions and Additions to Table 8.
The specified clearances usually indicate the minimum vertical sep-
aration between parallel crossarms (center to center) at the pole, and
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where these clearances are provided between the centers of the cross-
arms the clearance of the conductors supported thereon may be re-
duced below those given in the table by an amount not to exceed 8
inches where the tabular clearance is 2 feet or 4 feet, and by an
amount not to exceed 12 inches when the tabular clearance is 6 feet.

The provisions of this order do not apply to the vertical spacings
between conductors at different levels where men are not permitted to
enter the spaces while the lines are alive.

(1) Where conductors are operated by different utilities a minimum
vertical spacing between the respective conductor levels of 4 feet is
recommended.

(2) This shall be increased to 4 feet when the signal conductors
are carried above supply conductors unless the signal line conduetor
size is that required for grade C supply lines.

(3) In localities where the practice has been established of placing
on jointly used poles, crossarms carrying supply circuits operating at
less than 300 volts to ground and crossarms carrying signal circuits at
a vertical separation less than that specified in the table, such exist-
ing construction (provided the minimum separation between the cross-
arms is not less than 2 feet) may be continued until the said poles are
replaced; provided, however, that extensions to existing eonstruction
shall conform to the clearance requirement specified in the above
table.

When signal wires are all in cable a supply crossarm carrying only
wires operating at not exceeding 300 volts to ground may be placed
at not less than 2 feet above the point of attachment of the cable to
the pole; provided, that the nearest supply wire on such crossarm
shall be at least 30 inches horvizontally from the center of the pole

and the cable be so placed as not to obstruct the climbing space. (See
also Order 1225—a-3.)

(£) Vertical Arrangement of Conduciors.

Supply conductors of the same eircuit arranged vertically on
separate Crossarms may oceupy the same crossarms with supply
eonductors of the next consecutive voltage classification (see
Table 8 of (e) above) similarly arranged, provided the clearance
(Order 1221) and climbing space (Order 1225) specified for the
higher voltage are maintained at each level concerned. When so
arranged, the minimum vertical separation between ecrossarms
shall be that requirved in Table 8 of this order for the highest
voltage eoncerned.

(g) Vertical Racks.

Conduectors of circuits of less than 750 volts may be carried on
vertieal racks at one side of the pole where normal spans do not
exceed 150 feet if the full width of climbing space is maintained
past the rack and at least 4 feet above and below. (See Table 5,

~ Order 1221, for necessary clearance from surface of poles.)




e ———————————e

72 iNDUSTRiAL COMMISSION OF WISCONSIN

Order 1224, Conductors of Different Sags on the Same Sup-
ports. f

(a) Varwtion in Clearance. ‘

Line conductors supported at different levels on the s‘amff; sf;‘ruc-
ture ﬁnd strung to different sags ghall have vertical spacings at
the'sﬁpporting' struetures so adjusted that the minimum spacing
at any point in the span, at 60° F. with no wind, shall not be 1.-e.-
duced more than 25 per cent from that provided for by Qr.ders
1221, 1222 and 1223, at the supports.

(b) Readjustment of Sugs. ,

Sags shall be readjusted when necessary tc? acco‘mplish the n?r'e-
going but not reduced sufficiently to conflict with the require-
ments of Order 1246, |

Note: In cases where conductors of different sizes are s.tr.l'lng to
the same sag for the sake of appearance or to maintain upreduc?d
clearances throughout storms, the chosen sag should be 'suc}.l.as will
keep the smallest conductor involved in compliance with thel sag re-
quirements of Order 1246.

Order 1225. Climbing Space. ‘ ,

(a) Supply Lines Alone or on Joint Poles with Salgozlal Lines.

All poles or structures carrying crossarms supporting supply
lines alone or supply and signal lines on joint poles shall. be
arranged and maintained so as to provide an nnobstructed vertical
climbing space on at least one side or corner of the pole or strue-
ture having dimensions horizontally each way as follows: .

(1) With supply eonductors alone of less than"SOO volts to
ground the climbing space shall be not less than 24 mc_has. o

(2) With supply conductors alone of more than '300 volts to
ground the climbing space shall be not less than 30 inches.

(3) When lines of voltages between 7500 and 15,000 Volts are
worked on or climbed through when alive a elimbing space of at
least 36 inches hovizontally each way shall be provided. : |

(4) With signal conductors on the same pole and belowfv. gupply
conductors the same climbing space shall be provided th'rough the
signal conduetors as required for the supply conductors imme-
diately above. - '

(5) With signal conduetors on the same pole and above ‘sugply
conductors not exceeding 7500 volts the. ¢limhing space required

for the snpply eonductors shall extend up to a point at least 4 feet ‘
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above the highest supply conductors ecarried on the pole. If the
supply conductors exceed 7500 volts this distance shall be 6 feet.

( Exceptiohs: (1) Where Men Do Not Ascend Beyond Conductors.

The above provisions do not apply if the unvarying practice and
published operating rules of the employers concerned prohibit em-
ployes from ascending beyond the conductors of the given line unless
the lines are killed or protected by suitable shields. In such cases if
‘the conductors operate at less than 15,000 volts, a 24-inch climbing
space is permitted.

(2) Protected Vertical Conductors.

Vertical runs incased in suitable conduit or other protective cover-
ing (See Order 1226) and securely attached to the surface of the pole
or structure and the pole or structure itself when included in one side
ot corner of this space when buck or reverse arm construction is used
are not considered to obstruect the climbing space.

(3) Protected Longitudinal Runs.

Longitudinal runs of cable or conductors are not considered to ob-
struect the climbing space if no supply line conductors carried on
crossarms are within 4 feet above or below (See also Note (3), Table
8, Order 1223). Such cables or conductors must be protected when
within 20 inches from pole center by suitable guard arms securely
fastened to the pole, or by substantial insulating conduit, unless lo-
cated above supply line conductors or at least 6 feet below. If
grounded metal sheathed cables are uninsulated from metal supports
attached to wood poles, similar protection shall be provided for such
supports for at least 24 inches from the pole center.

Note: «1) It is recommended that climbing space of at least 24
inches horizontally each way be provided on poles carrying signal
conductors only, when such signal conductors operate at voltages
exceeding 150.

(2) Where double crossarms are not used on any one pole and all
crossarms are parallel, it is recommended that the crossarms be on
the same side of the pole. '

(3) With lines of voltage of more than 15,000 volts the proper di-

mensions of the climbing space will depend upon the particular condi-
tions.

| (b) Spectal Clearance for Longitudinal Runs.

In cases where longitudinal runs of supply eonductors not over
750 volts are supported near the surface of the pole as by brackets
or racks or on pins close to the pole, unless they are loeated at
levels at least 4 feet above or below other supply conductors car-
ried on crossarms, sufficient side clearance from the pole center
shall be provided for the line eonductors on the adjacent _éross-
arms to afford the full width climbing space for at least 4 feet
above and below the longitudinal runs concerned. '
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(¢c) Obstructions. _ _
All poles shall be kept as free as practicable from posters, bills,
tacks, nails and other unnecessary obstruetions. Through bolts
shall be properly trimmed. _
Order 1226. Clearances of Vertical and Lateral Conductors.

Exception: Provisions (a) and (d) do mnot apply to po.rtions of_ a
pole which workmen never ascend while the conductors in question
are alive.

(a) Climbing and Working Spaces.

Vertical and lateral conductors, ground wires and metal
sheathed cables shall not obstruet the vertical climbing spaces (see
exceptions to Order 1225) or the lateral working space betlween
line conduetors at different levels (see also Order 1223) or mter-
fere with the safe use of pole steps where such are installed.

(b) Clearances Between Conductors and from Conductors to
Surfaces of Structure. ‘

Vertical and lateral conduetors which are rigidly supported on
fixed supports shall have the minimum separations and clearances
from other conductors, eonduits, pole surfaces and guy, span or
meésenger wires provided below. Where not 50 supported greater
separations and clearances shall be used. (See also (¢), (d) and
(e) below for exceptions. )

Note: This order is not intended to prohibit the placink ‘of su;_)ply
circuits of the same or next voltage classification in the sanr_le. iron
'pipe if each circuit or set of wires be enclosed in a metal sheath.

(1) From surfaces of supports and from other conduetors of
the same cireuit 3 ineches for 7500 volts or less, plus .25 inch for
each 1000 volts over 7500 volts. (Highest voltage concerned
should be used as basis for ealeulation. Also see exception under
Note 2, Table 5, Order 1221.)

(2) From span, guy or messenger wires and from .conduetors
of other cireuits 6 inches plus 0.4 ineh' per kilovolt (highest volt-
age concerned ), in excess of 7500 volts for Sjupply conductors and
3 inches for signal conductors.

(3) From eonductors on other supports as provided in Order
1227.

(e) Vertical Supply Conductors Through S.ignal Cfonducto?'s.

(1) Vertical conductors including ground wires which are car-
ried through a space occupied by signal eireuits shall be inclosed
in insulating conduit or in metal conduit or cable protected by an
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insulating covering or wooden molding. The enclosure shall
extend from a point at least 6 fect below the lowest signal eon-
ductor to a point at least 6 feet above the highest signal conduetor

or equipment if the supply voltage exceeds 7500 volts or to a

point at least 4 feet above the highest signal conductor or equip-
ment if the supply voltage is less than 7500 volts.

(2) In the latter case the distance above the highest signal con-
ductor or equipment may be reduced to 2 feet if the supply voltage
is less than 300 volts and 2 feet has been established as the vertical
clearance. (See Exception 3 to Table 8, Ovder 1223.)

Exception: Vertical and lateral conductors of street lighting cir-
cuits and service leads of less than 760 volts may be run on the street
side of the pole in multiple conductor cable having suitable substan-
tial insulating covering if such cable is held taut on standard insula-
tors supported on pins or brackets and so arranged that the cable
shall be held at a distance of approximately 5 inches away from the
surface of the pole and from any pole step. :

(d) Vertical Conductors Through Supply Conductors. (See
also (e) below.) '

Vertical conductors of not more than 7500 volts shall clear the
pole centers by not less than 15 inches for a distance of not less
than 4 feet above and below any open supply line conduetors
which are of not more than 7500 volts when the latter are carried
on or within 4 feet of the pole. If the vertical conductors are of
more than 7500 volts this eclearance shall not be less than 20
inches. If the supply line conductors are of more than 7500
volts the elearance from pole center shall apply for a distanee not
less than 6 feet above and below. _

Exceptions: (See also (e) below.) '

(1) Vertical and lateral supply conduetors, including ground wires

‘which are enclosed in insulated conduit or in metal conduit or cable .
having an insulating covering, or wooden moulding if wire is used

having triple braid weatherproof insulation, whenever within 4 feet
from open supply lines of less than 7500 volts or within 6 feet from
open supply lines of more than 7500 volts may have less than the
clearance specified above.

(2) Vertical and lateral conductors in metal sheathed cables and
ground wires when installed on poles used only for supply lines and
employing side arm construction when the lines are carried only on
one side of the poles may have the insulating conduit or covering
omitted. : :

(3) Vertical and lateral conductors of less than 7500 volts when on
poles used only for supply lines may be run on the street side of the
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pole in multiple-conductor cable having suitable substantial insulating
covering if such cable is held taut on standard insulators supported on
pins or brackets and so arranged that the cable shall be held at a dis-

_ tance of approximately b inches from the surface of the pole or any

pole step.

(4) Vertical and lateral signal conductors may be attached directly
to the pole by means of rings, knobs or brackets provided they are
yubber insulated twisted pairs and do not come within 4 feet from
open supply lines of less than 7500 volts ‘or within 6 feet of open sup-
ply lines of more than 7500 volts. If distances are less than the above
the conductors shall be incased in insulating conduit or in other sub-
stantial insulating and protective covering. !

(e) Mechanical Protection Newr Ground.
Where within 8 feet of the ground a suitable mechanical pro-
fective covering shall be provided over all vertical conductors, in-
eluding lead sheathed cables. The protective covering shall be of

‘wood molding or other insulating material if for the ground wire

of a lightning arrester.

Exception: The covering may be omitted for cables and for groun

wires having a triple braided weatherproof insulation in rural dis-
tricts and for cables armored or installed in grounded metal conduit
in urban distriets. e sren ) i ik

(f) ' Conductors not in Conduit.
- Conductors not incased in conduits shall héve the same clear-
ance from conduits as from other surfaces of structures.

Order 1227. = Clearances of Conductors of One Line ffom Poles
and Conductors of Another Line. - i

(a) Clearances from Poles.
Where conductors of one line are carried within 6 feet from a
supporting strueture of a second line, and are not attached

" thereto, the clearance between the conductors of the first line and

any part of the supporting structure of the gsecond line shall, it
practicable, be not less than 8 feet at 60° F. and no wind. In no
case should this clearance be less than the values required by
Orders 1221 and 1222, for separation between similar conductors
on the same support, increased by 1 inch for each 2 feet of the
distance from the sugporting structure of the seeond line to the
nearest supporting structure of the first line. The climbing space
on the strueture of the second line shall in no case be reduced by
a conductor of the first line. : ' 3
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1 (b) Clearances from Conductors. [

The clearance in any direction, at 60° F. with no wind, of any
conductor of one line from any conductor of a second and con-
flicting line shall not be less than required by Orders 1221 and
1222 for separation between conduetors on the same support and
shall not be less than 4 feet. : '

It shall be at least equal to the apparent sag of the eonductor
having the greater sag plus .2 inch for every 1000 volts of the
highest voltage concerned.

Order 1228. Clearances from Buildings.
(a) General.
Conduetors shall be so arranged and maintained as to hamper

‘and endanger firemen as little as possible in the performanee of

their duties. .=
(b) Ladder Space. , ‘
Where 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 building
or beginning not over 8 feet from the building to facilitate the

. raising of ladders. ' '

C(e) Clearance of Supply Lines of Not More Than 7500 Volis.
(1) Supply eonductors operating at *_voltag'es' not exceeding
7500 (unless in grounded conduit or metal sheath cable or other-
“wise rendered inaccessible) shall he so arranged that they do not
come nearer than 8 feet measured horizontally from any point on
the surface of a building or its attachments, or nearer than 8 feet
above the top of any building or above any baleony or other plat-
form crossed over. ‘ ;

Exception: Service drops operating at less than 300 volts are ex-
empted from this requirement for horizontal clearance and need not
be__mqrel than 3 feet above building roofs which cannot readily be
walked on. K '

2. Where the above clearances can not be provi‘ded_ or where
supply conductors are placed near enough to windows, verandas,
fire eseapes or other ordinarily accessible places to be exposed to
contact of persons, the conduetors shall be properly guarded by
_conduit barriers or otherwise, ;

(d) Clearance of Lines of More Than 7500 Volis.

Conductors operating at voltages exceeding 7500 volts (unless
in grounded conduit or metal sheathed cable or otherwise rendered
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inaccessible) shall be earried at such height and distanee from
buildings as not to interfere with firemen in event of fire. " If
within 25 feet of a building they shall be carried at a height not
less than that of the front cornice. The height shall be greater
than that of the cornice as the wires come nearer to the building
in accordance with the following table:

Distance of Wire from j Elevation of Wire-ahove Cornice

ilding of Building

Feet Fe‘?t

2

hoa )

15 4

10 6
5 8
2l ]
0 10

&

Note: It is evident that where the roof of the building continues
nearly in line with the walls, as in Mansard roofs, the height and dis-
tance of the line must be reckoned from the nearest point of the
building instead of from the cornice.

(e) Where Attached to Buildings. )
‘Where the permanent attachment of open supply conductors of

any class to buildings is necessary for an entrance, conduetors

operating at over 300 volts to ground shall not be carried along
or near the surface of the building unless they are guarded or

made inaceessible and shall have separations from each other and

clearances from building surfaces not less than those required by
Table 5 of Order 1221—a for separation. (See also Seection 132,
Part 3.)

. (£) Crossing Roofs.

(1) When it is necessary to attach wires to the roofs of build-
ings, the supporting structure shall be of substantial construetion.
Wherever feasible, wires crossing over buildings shall be sup-
ported on structures which are independent of the buildings
erossed over.

Ofder 1229. Clearances from Bﬁdges.

(a) Accessible Paortions.

Supply conductors operating at voltages less than 7500 (unless
in grounded conduit or metal sheathed cable) shall be so arranged
that they do not come within 3 feet from any readily accessible
wing wall or other readily accessible portion of any bridge or its

* 7,500 to 15,000
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" attachments. For conductors operating at voltages above 7500

(unless in grounded conduit or metal sheathed cable) the mini-
mum clearances shall be those required by (b) and (c) below.

(b) Ordinarily Inaccessible Portions: Where Attached.

Open supply econduetors passing over, under, or near a bridge
(other than brick, conerete, or masonry requiring infrequent in-
spection or repair) when attached thereto shall where practicable
be so arranged that they do not come within the following dis-
tances of any bridge or abutment.

Operating Voltage | Clearance in Feet
0to 2.500 0.5
2.500 to 5,000 1.0
5,000 to 7,500 3.0
7,500 to 15,000 5.0
15,000 te 50,000 7.5

(¢) Ordinarily Inaccessible Portions: Where Not Attached.

Open supply conduetors passing over, under or near a bridge
(other than brick, conerete, or masonry requiring infrequent in-
gpection or repair) and not attached thereto, shall be so arranged
that they do not come within the following distances from any
portion of the bridge or abutment. '

Operating Voltage Clearance in Feet

Up to 7,500

15,000 to 25,000
25, 000 o 35,000 s
Exceeding 35,000, ............ T

B —aues
comoo

Note: The clearances as given above are minimum and should be
increased as much as practicable.

(d) Separations.

Where supply conductors attached to bridges are supported at
frequent intervals, their separation may be less than that specified
in Orders 1221 and 1222, but not less than that required by Order
1221 for elearances from surfaces of poles and crossarms or less
than the following :

Span Length Separation in Inches

8 35VE T S PO RR I e UCSIeC T B O A e 0 B R
20 to 50 feet........ S S S P S R s P e

=
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(e) Trolley Contact Conductors.
Trolley contact conduetors attached to the under surface of

bridges shall be provided with a substantial inverted trough of .

non-conduecting material or other suitable means shall be taken to
keep the trolley pole from making connection between the trolley
contact conductor and the bridge structure.

() Warning Signs. (

The pi‘li-supporting structure attached to bridges shall be
plainly marked with the name, initials, or other identifying mark
of the utility responsible for the attachment and, in addition,
when the voltage of the conductors exceeds 750 volts, by the fol-
lowing or equivalent sign ‘“‘DAN GER—DO NOT TOUCH.”

SECTION 123. CLASSIFICATION OF CIRCUITS ACCORDING TO
GRADE OF CONSTRUCTION REQUIRED ’

Order 1230, Required Grade of Overhead Line Construction
and Arrangement of Levels. (See also Order 1236.)

(a) Various Conditions of Hazard.

(1) Supply and signal lines shall have mechanical construetion
of the grade designated as A, B, C, D, or E, depending upon the
hazards involved, under the following conditions:

(I) When concerned in erossings or conflicts.

(I1) Where carried on the same supports with other lines.

(II1) In some cases where carried through urban distriets.

(2) The conditions determining each grade of construction are
defined in the following orders of this seetion. :

(3) Where none of these conditions exist, no specified grade of
mechanical construetion is required, but the general requirements
given in Sections 120, 121, and 122 must be met.

(4) Qrades of eonstruction A, B, and ( are described in the
orders of Section 124, Grades of eonstruction D-and E are de-
seribed in Section 128. In any case where two or more of the con-
ditions listed below exist, the grade of construetion shall be the
highest called for under any item applying. i

(5) Where one line erosses over or conflicts with another the
grade of the upper line shall not be less than the ‘grade required
for the lower line.

Note: The orders referring to signal lines apply to all signal lines
except those used in the operation of supply lines, and their applica-

tion to these is determined by one of the construction methods applied
to signal lines and to neighboring lines as given in Order 1289.

ELECTRICAL CODE—ORDER 1231 81

(b) Double Crossings.

‘Where a line crosses in one span over two other lines, the
strength of construetion shall be not less than would be required
if either of the two lower lines crossed the other. :

Note: For example, if a 2300 volt line crosses in the same span
over a signal line and a direct-current trolley line of more than 750
volts the 2300 volt line would be requirec'i to comply with Grade A
construction at the crossings. This is a double crossing and intro-

d‘uces a greater hazard than where the upper supply line crosses the
signal line only. ‘ -

(c) Arrangement of Relative Levels.

(1) Where supply and signal lines or supply lines of different
voltage classification eross each other or are in eonflict, or are on
the same poles or towers, the highest voltage lines shall preferably
be carried af the higher levels.

Note: It is recommended that, where practicable, lines be ar-
ranged, by mutual agreement of the utilities concerned, at standard-
1z.ed lex_relsr throughout a given community, in order to minimize
dlfﬁ.cultles when new crossings or extensions to existing lines are to
be ingtalled. (See also Table 4, Order 1220 for relative levels.)

(2) Where cireuits of different classification are eoncerned in a

crossing, conflict, or common use of poles, the construetion for the -

circuit at the higher level shall be of at least as high a grade as

would be required for the cireuit at lower level if it were above
the other.

(d) Awoidance of Conflict.

(1} Two parallel pole lines, either of which carries supply con-
ductors, shall, where practicable, be so separated from each other.
that neither conflicts with the other.

(2) If this is impracticable, then the conflicting line or lines
shall be built of the grade of eonstruction required by the orders
for a conflieting line or the two lines shall be combined in a single
pole line. (See also Orders 1234, 1236 and 1272.)

Order 1231, Supply Lines in Urban Districts.

(a) Grade B.

The fo.llowi_ug supply lines in urban districts shall comply with
the requirements of Grade B, except as given in (b) and (e)
below : ' o

(1) Lines of more than 7500 volts.

(2) Lines of any voltage where carried ahove lines of more
than 7500 volts. '

L]
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(b) Grade C. .

The following supply lines in urban distriets shall eomply with
the requirements of Grade C, except as given in (¢) b.elow: :

(1) Lines of more than 7500 volts if in cable having pe-m.m-
nently grounded continuous metal sheath or armor and complying
with the requirements of Order 1274, -

(2) Lines of voltages between 750 and 7 500'. i

(3) Lines of less than 750 volts when carried above lines 0
voltages between 750 and 7500.

(¢) No Specified Grade. Uiy

The following supply lines in urban distriets need eo.mply only
with the general requirements of Sections 120, 121 and 122. ‘

(1) Lines of voltages between 750 and 7500 if in cable ha,vl.ng
permanently grounded continuous metal sheath or armor and in-
stalled in eompliance with the requirements of Order 1274,

(2) Supply lines of less than 750 volts where alone or COP(;
cerned only with signal lines or with supply lines of less than 79
volts or both. w B

(3) Lines on fenced rights of way, except_ where crossing overé
conflicting with, or higher on joint poles with the eonductors o
other lines. o

(d4) Constant-Current Circurts. J 4

(onstant-current cireuits shall meet the requirements for eir
cuits of their nominal full-load voltage.

Order 1232. Supply Lines in Rural Districts. (See also Order
1252.)

a) Grade C. L

((1)) When either of two supply lines in rural distriets, one of
more than 7500 and the other of less than 750 volts, erosses, lcon-
fliets with,‘or has common poles with the other, the upper on;
ghall comply with the requirements of Grade C, unless the llnfe 0
higher voltage is in cable having permanently. grounde'd contn%u}-1
ous metal sheath or armor and is installed n compliance wit
Order 1274, . ‘ | ‘

(2) Constant-eurrent cirenits are included in this order, the

i in - ltage.

voltage heing the nominal full-load volt

Excgeption: Supply lines of more than 75600 volts are ‘exempt?d from
this requirement if crossing over or conflicting only with service con-
nections from supply lines.

(b) No Specified Grade. ‘ oty

(1) Supply lines of more than 7500 volts in 1‘111_'&1 distriets,
where alone, or where concerned only with supply lines of more
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than 750 volts, need comply only with the general requirements
of Sections 120, 121 and 122.

(2) Supply lines of less than 7500 volts in rural distriets,
except as covered in (a) above, need comply only with the general
requirements of Sections 120, 121 and 122,

Order 1233. Supply Lines Gi'ossing Over Railways. (See also
Section 126.)

(a) Grade A.

Supply lines carried over railwézys, operated by steam, electrie,
or other motive power, except as provided in (h) and {e¢) below,
shall comply with the construction requirements of Grade A.

(b) Grade B.

Supply lines carried over minor tracks ineluded in the follow-
ing list shall ecomply with the requirements of Grade B.

(1) Spurs less than 2,000 feet long and not exceeding two
tracks in the same span.

(2) Branches on which no regular schedule of operation is

" maintained.

(3) Narrow-gauge tracks or other tracks on which standard
rolling stock ean not, for physical reasons, be operated.

(4) Tracks used only temporarily for a period not exceeding

one year,

(5) Tracks not operated as a public utility, such as industrial
railways used in logging, mining, ete.

(e) Street Baslway Crossings. '

Supply lines erossing over street railways on traveled portions
-of highways need conform only to general requirements, but when
carried over trolley contaet conductors shall have the same grade

of eonstruction as where erossing over supply lines of equal volt-
age. (See Orders 1231 and 1232,) '

Order 1234. Supply Lines in Crossings, Conflicts, and Joint
Use of Poles with Signal Lines.
Exception: It is not intended that the requirements of (a-1), (b-1),

and (c-1) below shall apply where the signal lines concerned are indi-
vidual twisted-pair drop wires only.

(a) Grade A.
Supply lines and signal lines under the conditions specified be-

low shall eomply with the requirements of Grade A.

(1) Constant-potential alternating-enrrent supply lines nor-
mally operating at more than 7500 volts between conduetors or
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4400 volts to neutral or ground, or constant-current eireuits of
more than 10 amperes, or direct-current trolley cireuits of more
than 750 volts to ground where at higher levels and crossing over,
conflieting with, or having joint poles with gignal lines except as
noted in (b-3) below for certain signal conduetors.

(2) Signal lines carried at higher levels than the supply lines

gpecified in (1) above where involved in crossings, conflicts, or

joint use of poles.

(b) Grade B. (See exception above.)

Supply lines and signal lines under the conditions specified
below shall comply with the requirements of Grade B.

(1) Constant-potential alternating-current supply lines nor-
mally operating at voltages between 5000 and 7500 between con-
ductors or between 2900 and 4400 volts to neutral or ground, or
constant-eurrent civeuits of between 7.5 and 10 amperes, where
at higher levels and crossing over, conflicting with, or having
joint poles with signal lines (except as noted in (e-3) below for
eertain signal conduetors). foid

(2) Signal lines carried at higher levels than the supply lines
‘specified in (1) where involved in crossings, conflicts, or joint
use of poles. 10 NPT
o (3) Bupply lines specified in (a-1) above when at higher levels
and crossing over, conflicting with, or having joint poles with
‘signal lines earrying not more than four wires used mainly for
local exchange serviee, or only gubseribers’ loops, or mot more
than two local telegraph or fire alarm wires,

(¢) Grade €. (See exception above.) |
" Qupply lines and signal lines under the eonditions speeified
‘below shall comply with the requirements of Grade C.

(1) 'COHStanf-potélltial 'altel'natiug-cm‘rént supply lines ToT-
mally operating at voltages hetween 750 and 5000 between con-
ductors or voltages between 440 and 2900 to neutral or ground
and econstant-current cirenits of not more than 7.5 amperes and
supply lines of more than 5000 volts in cable having permanently
grounded continuous metal sheath or armor (and installed 'in
compliance with Order 1274) where at higher levels and erossing
over, confl‘cting with, or having joint poles with signal lines.

1 (2) Signal lines carried at higher levels than the supply lines
specified in (1). except as amaller conduetor sizes are permitted
by order 1283——d. ‘
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(3) Supply lines specified in (b-1) above when at higher
le?rels '_and crossing over, conflicting _with, or having joint poles
with signal lines garrying not more than four wires used mainly
for loeal exchange service or only subseribers’ loops, or not
more than two local telegraph or firm alarm wires. , f

(4) Signal lines carried over trolley contact conductors of
less thar_t 750 vqlts shall comply with Grade C fequirements as
tp conduetor sizes and sags exeept as noted in Order 1286.

Order 1235. Signal Lines Crossing Over Railways. (See also
Section 128.)

' (a) Grade D,

Tgllephoge, telegraph, and other signal lines carried of'er rail-

ways operated l?y steam, electrie, or other motive power sfla]l,

_w;gh g;h)e exceptions noted below in paragraphs (b), (c), (d)

and (e), of this order comply with the construeti AT
e 8 . 1614 :

ments of Grade D. T (0 i} onl ooy
(b) Grade E.

i Signal lines carried over minor tracks included in the: fﬁlldw-
ing list shall conform to the requirements of Grade E.
(1) -_Spur-s less than 2000 feet long, and not exceeding two
tracks in the same span. i ;
: (;2‘) 'Brlaﬁches"ol; which' no regular schedule of operation is
maintained. ' it > ' -
(‘?) Narrow-gage tracks or other tracks on whié}i st;éiﬁdafd
rolling stock ean not, for physical reasons, be operated. i
(4)_ Tracks used only temporarily for construection or similar
purposes for a period not exceeding one year. Bt '
'(5? Tracks not operated as a public utility, such as industrial
rallways used in logging, mining, efic. ' 05
(c) Street Railways.

| Signal lines carried over street railways not having overhead

ﬁrollt?y contact conductors, need comply only with the general

requirements for signal lines alone. (See also Ord il

Sections 121 and 122.) : ey s
(d) Trolleys.

i .Whﬁi'e‘si_g-nal lines eross over trolley contact cbnduetc;rs ef less
than 750 volts to ground, they shall comply with the require-
wments of Order 1283—d as to conductor sizes and sags. For
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trolley contaet conductors of more than 750 volts to ground,
the requirements for crossing over supply lines must be met,

i 1 Cips
namely, Grade A for dirvect-current trolley lines, and fn ade A,
B, or C for alternating-current trolley lines, depending upon
the voltage.

(e) Signal Lines Classed as Supply Lines.

Signal lines which are classed as supply lines hl:hall, Wh.er'e
crossing over railways, comply with the construetion require-
ments of Order 1233. (See Order 1289.)

Order 1236. Cooperation to Avoid Hazard. (See also Seetion
1217.)

Utilities or parties responsible for location or construetion. of
new faeilities or change in voltage, construction or operating
method, shall consult with other utilities or parties between
whose facilities and their own conflicts may now or later b.e cre-
ated for whieh precautionary construction measures will he
necessary to prevent hazard, and the parties concerned shall
cooperate with a view to preventing hazard.

Note: When supply or signal lines are projected which will par-

allel existing lines on or along the same highway, street, alley, rail-

way or other rights-of-way the new construction shoul.d, ux}less joint
construction is recommended, be located on the opposite side c.)f the
highway, street, alley, railway or right-of-way from that f)ccup?ed Py
existing line or lines of the other kind, and on the same side with its

own kind.

SECTION 124. OTHER REQUIREMENTS FOR SUPPLY LINES
OF GRADES A, B, AND C

Order 1240. General Strength Requiréments.

(a) Preliminary Assumptions.

In the caleulation of all stresses no allowance shall be made
for deformation, deflection, or displacement of any part of the
supporting structures.

(b) Transverse Strength.

The paragraphs which specify the transverse strength re-
quirements for supporting structures relate to Grade B con-
struction unless otherwise stated. For Grade C the transverse
strength shall be not less than two-thirds of that required for
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Grade B. TFor Grade A the transverse strength shall be at least

650 per cent greater than that required for Grade B. See also
Appendix A.

Order 1241, Calculation of Stresses in Conductors.

In computing the longitudinal stresses upon conductors and
their supports, and the sags corresponding to given -limiting

stresses in conductors, the loading shall be assumed as the result-

ant loading due to the weight of the conductor plus the added

weight of a layer of ice one-half inech in radial thickness, com-

bined with a transverse horizontal wind pressure of 8 pounds

per square foot on the projected area of the ice-covered con-

ductor. The minimum temperature shall be assumed as 0° F.
Note: Ice is assumed to weigh 57 pounds per cubic_foot.

Order 1242. Calculation of Loads upon Line Supports.
(a) Assumed Vertical Loading. ,
The vertical loads npon poles, towers, and crossarms shall be
taken as their own weight, plus the weight of the ice-covered
conductors supported. The thickness of iee coating shall be

taken as one-half inch. (See Appendix B, Table 35, for vertical
loads due to eonductors.) ;

(b) Assumed Transverse Loading.

In computing the stresses in poles and towers the loading
shall be taken as that due to a horizontal wind pressure, at right
angles to the direetion of the line, of 8 pounds per square foot
upon the projected area of cylindrieal surfaces of the conductor
when covered with a layer of ice one-half inch in radial thick-
ness and of the poles and towers without ice covering. (See
Order 1272—d for certain signal conductor exemptions.)

Note: For flat surfaces the assumed unit pressure should be in-
creased by 60 per cent. Where latticed structures are concerned the
actual exposed area of one lateral face should be increased by 50 per
cent to allow for the pressure on the opposite face; this total, how-
ever, need not exceed the pressure which would occur on a solid struc-
ture of the same outside dimensions. The results obtained by more

exact caleulations may be substituted for the values obtained by this
simple rule, if desired.
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(e) Awverage Span Lengths. ‘

The ealenlated loads upon poles, towers and crossarms shall
be based upon the average span length of a‘section of line that is
reasonably uniform as to height, number of wires, grade, and
span length, except that the average value taken shall in no case
be less than 75 per cent or more than 125 per cent of the actual
average of the two spans adjacent to the strueture coneerned.

(d) Average of Three Poles. o

A pole not individually meeting the transverse strength re-
quirements will be permittéd when reinforced by a stronger pole
on either side if the average strength of the three poles meets
the transverse strength requirements, and the wealk pole has not

‘less than 75 per cent of the required strength.

Exception: An extra pole inserted in a normal span for the pur-
pose-of supporting a service loop may be ignored, if desired, in the
calculation of the strength of the line.

(e) Actual Span Lengths and Pole Strengths at Crossings.

In case, however, of erossings over railroads or signal lines
"(other than those mentioned in Order 1234 —h-3 and e-3), the
actual lengths of the two spans adjacent to the two structures

concerned, apd the actual strengths of the crossing poles, shall
be used. ;

Order 1243, Strength of Steel Poles and Towers and Other
Metal Supports. \ .

(a) Loads and Limiting Stresses. - ‘

(1) Steel supports, steel towers, and metal poles, together
with their foundations, and guys when used, shall be so designed
and constructed as to withstand the stresses due to the loads
assumed in Order 1242. Under those loads the caleulated stresses
in the steel members and in the guys shall not exceed the fol-
lowing values, which are intended to be limiting unit stresses.
not in excess of the yield point, beyond which the structures as
a whole would be liable to failure. A |

Structural Steel:

C Tension ......e.aee 27,000, pounds per sq. inch
"'Shear ..........5: 24,000 pounds per sq. inch
Compression ..... .27,000—90L ]
misd T
Bolts, Rivets, Pins: .
Sheat . ws neve s 24,000 pounds per sq. inch
Bearing .........- 48,000 pounds per sq. inch
Bending .......... 36,000 pounds per sdg. inch

aq
GUYS coverrnnnrens One-half the ultimate strength
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(2) These values for! structural steel are for material having
an ultimate tensile strength between 55,000 and 65,000 pounds
per square ineh and a yield point not less than 50 per cent of the
ultimate strength. |

Note: Guys are made of various grades of steel wire, the lowest
grade generally having a strength of about 60,000 pounds per square

inch while the highest grade has a strength of 180,000 pounds or
more per square inch.

(b) Guys. \
] The use of guys to obtaip'eompliance with these requirements
i r.egarded as generally undesirable. When the guys are neces-
Sﬁ.t'lly used, the steel supports or towers unless capable of con-
.sldex:fa,blt.a deflection shall be regarded as taking all of the stress
in the direction in which the guy acts, up to their safe working
lqgfl, and the guys shall have sufficient strength to take the re-
mainder of the assumed maximum stress. (See Order 1212—c¢
for flexible towers.) ‘ . PR :

(e) Total Mintmum Strength.
Steel towers shall have a minimum strength sufficient, if all
cgnguctars are removed, to withstand a transverse force three
times that computed for the tower alone, '

Note: Unless sample structures are tested, or similar structures

ha_,ve been tested', to assure the compliance of structures in any line
with these requirements, it is recommended that structures be de-

signed to have a computed strength at least 10 per cent greater than

that required by the rule. ‘ |
(d) Foundations.

Steel ?owers or poles shall preferably be plaeed! on concrete or
other suitable foundations extending above the ground line. If
how.ever, lthe steel is set in earth, it shall be suitably proteeted
against injurious eorrosion at and below the ground line,

Note: Since in many localities the soil and climatic conditions are
s];ilqh as to alter the strength of foundations considerably from time to
t}me, the}':.a_ should 'usually be provided a considerable margin of
st‘rength.m .foundations above that which (by caleulation) will just
Wl.thstaﬂd the stresses under the assumption of average conditions .of
climate and soil. : i i i

" (e) Anchor Towers.

‘ W.hen stee.I supports or towers are used which ave not eapable
of withstanding approximately as great a foree longitudinally as
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transversely, anchor towers shall be placed, at intervals not
greater than 10 spans, which shall be able to withstand the com-
bined longitudinal tension of all conduetors up to 10,000 pounds
plus one-half the excess above 10,000 pounds. i

(f) Thickness of Steel. -

(1) Steel poles or towers of Grades A, B, and C shall have no
Jess thickness of metal in members than the following :

Legs, galvanized, %1 ineh; other members g ineh.

Legs, painted, 14 inch; other members, 1/4 inch.

(2) Such steel poles or towers, including footings, shall be so
econstructed that all parts are aceessible for inspeetion, cleaning
and painting when neecessary and that pockets are not formed in
which water can collect. The ratio of L, the _unjsupported Length
of a compression member to r, the least radius of gyration of the
member, should generally not be greater than 150 for legs and
200 for other members having ficured stresses.

Note: The straight line formula given under (a) above for the
allowable stress in compression automatically limits the stresses in
steel members to safe values even though the ratio L/r is greater
than the values given above. In other words, for larger values of
L/r, due to increasing L, the value of the stress is reduced so much
that no hazard ean result. :

(g) Protective Covering or Treatment.
All iron or steel poles, towers, or supporting structures, and
 all hardware, including bolts, washers, guys, anchor rods, and
gimilar parts of material subjeet to injurious corrosion under
the prevailing eonditions, shall be protected by galvanizing,
painting, or other treatment, which will effectively retard corro-
sion.

Order 1244.‘ Strength of Wood or Concrete Supports.

(a) New Poles.

Wood and reinforced eoncrete poles and their foundations and
guys (when used) shall, when installed, be of such material and
dimensions ag will withstand the loads assumed in Order 1242,
without the stresses under these loads exceeding 50 per cent
of the assumed ultimate strengths of the material. (For method
of computing strength of construetion see Appendix B.)
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(b) Maintenance.

Wood poles shall be replaced or reinforced when their strength
has decreased to two-thirds that required for new installations
for Grades A and B construction, and to one-half for Grade C

~ construetion.

(e) Selected Poles.

Except for crossings over railroads and over signal lines (other
than those mentioned in Order 1234—h-3 and ¢-3) two-thirds of
the movement on wood poles (ealeulated as in Order 1240 and
1242) due to transverse wind pressure may be used in finding
the stresses in the poles, under the following circumstanees :

(1) The poles shall be specially selected elear wood poles,

(2) They shall have dimensions not less than those Iisted.in
_Tables 41, 42 and 43, Appendix B-4. These dimensions corre-
spond to poles usually classified as Class A for Grade A and as
Class B for Grades B and C.

(3) They shall be systematically inspeeted and maintained by
treatment, repair, or replacement in accordance with 1244—Hh.

(d) Minimum Pole Sizes.

‘Wood poles in grades of construetion A, B and C shall be of
selelcted timber free from observable defects that would deefease
tl’llell' strength and durability and shall have no less nominal top
diameters than 6 inches, except that for Grade A a minimum of
7 inches is required. | | .

Nc?te:. See Appendix B for data for computing transverse and
longitudinal strength required for line supports.

(e) Guys.

‘When guys are used to meet the strength requirements for
xnrlopd or ecinerete. poles, they shall be considered as taking, in the
direction in which they act, the horizontal component of the

entire load, the poles, acting as struts, resisting the vertieal
component. '

Orde.r 1245. Strength of Crossarms and Conductor Fasten-
ings.

(a) Crossarms of Selected Yellow Pine or Fir,

'The minimum eross-sectional dimensions of seclected yellow
pine or fir erossarms for Grades A, B and C eonstruction shall be
as follows:
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Tor Grades A and B For Grade C
Qordpin....cooiininns 3 x4 in. 23 x3% m
Gor 8 pin...iviiiainnn 31Axdlh in. 31 xdilorin.

Exception: (1) Grade C signal line crossarms may be 2%x3%
inches for 6 pins, and 8x4 inches for 10 pins.

(2) If of other material they shall have at least equal strength.

(b) Crossarm Strength.

Crossarms for construetion of Grades A, B, or C shall, when
installed, withstand the vertical loads specified in Order 1242
without the stress under these loads exceeding 50 per cent of the
assumed ultimate strength of the material. They shall also with-
stand any unbalanced longitudinal loads to which they are ex-
posed, with a limit of unbalanced tension where conductor pulls
are normally balanced, of 700 pounds at the outer pin.

(e) Bracing.

(irossarms shall be securely supported, by bracing, if neces-
sary, so as to safely support all other loads to which they may be
subjected in use, including linemen working on them. Any
erossarm or buekarm except the top one shall be capable of sup-
porting a vertical load of 225 pounds at either extremity in
addition to the weight of the conductors. In general, they. shall
be maintained at right angles to the axis of the pole and to the
direction of the attached eonductors, and at wire crossovers shall
be attached to that face of the strueture away from the crossing,
unless special bracing or donble erossarms are used.

Note: Double crossarms are generally used at crossings, unbal-
anced corners, and dead ends in order to permit conductor fastenings
at two insulators, and so prevent slipping, although single crossarms

might provide sufficient strength. To secure extra strength, double.

crossarms are frequently used, and crossarm guys are gsometimes used.

(d) Pins and Conductor Fastenings.

Pins, ties, and other conductor fastenings for Grades A, B and
O construetion shall have sufficient strength to withstand  the
unbalanced tension in the conductor, up to a limit of 700 pounds
per pin or fastening.

"Note: Tie wires or fastenings should have no sharp edges or burrs
at contacts with the conduetors.

(e) Height of Pin.

The height of the pin and of the conduetor fastenings and the
material and cross section of the pin shall be so chosen as to
afford the required strength.
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_Note:_ The method of attaching conductors by suitable ties to
smgle,.pln-type insulators mounted on 1%x9 inch wood pins of locust
or equivalent wood will usually provide strength up to 1000 pounds
conductor tension with the conductor 8.5 inches above the crossarms.

Suitable steel pinsg afford greater strength both for the pins and for
the crossarms.

Order 1246. Conductors—Material, Minimum Sizes, and Sags.
(a) Material. 7 :
All co?lduet.01-.s of Grades A, B, or C shall be of copper, alumi-
num (with or without steel reinforcement), copper-covered steel,

or other material which will not corrode excessively under the
prevailing conditions.

(b) Minimum Sizes.

Supply conduetors (including lightning proteetion wires para-
lelling line conductors) shall not be smaller than indieated in
the f?llo‘ving table, except that longer spans may be used with
any listed conductor size if the separations and clearances given
in Section 122 and the sags given in Appendix A are corre-
spondingly increased.

TABLE 9 —MINIMUM ALLOWABLE CON
D DUCTOR VA g
OR STRANDED CONDUCTORS © - w8 FOR SOLID

A. W. G. for Copper and Aluminum; Steel W. G, for Steel.
MEDIUM OR HARD DRAWN COVERED COPPER WIRES

. Limiting Span Length in Feet

Grade 150 175 200 300
é&B ............................................... 6 . 4 4 2
....... 8 L] 4 2

MEDIUM OR, HARD DRAWN BARE COPPER WIRES

Limiting 8pan Length in Feet

Grade 150 175 200 300 400 a0

oo

4 4 4 2 2
] 4 4 2 2

SOFT DRAWN COPPER WIRES

Grad imiti
rade ‘ Limiting Span in Feet
b XY 150 175 200
Aol T TR
B 4 2 1
IS U Lo A8 G AL AL 0 AR 4 2 9
................. 6 2 2
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STEEL WIRES
i; di
G S il | gl
rade oy, sigplleieel ;
g 4
B B L U s S S s A A A A T g i

ALUMINUM WIRES 'V;VlTHOUT STEEL REINFORCEMENT

Grade \ Spa?):' lLae?asF il szitga‘ﬂ XF(;%‘%dmg
P L . o AN S AR A S 1 0
ALUMINTUM WIRES WITH STEEL REINFORCEMENT
Grade Spal;?' }45(:25 e ' ‘ qiﬂﬂ:i‘mdmg
A, B Qantiespemmanves 1 fo bbbl st G i o 6 ‘ 4

Note: For sizes and material requirements of supply service leads
see Order 1219,

(e) Sags and Mazimum Tensions. ; )
In grades of construction A, B or C conduetors of hard,
medium and soft-drawn copper and steel shall have norm‘al sags
at 60° F. with no wind as nearly as practicable to those given in

the tables of Appendix A. il

Exception: Less sags than those listed may he use.d if pn('lis,t iastir;:
ings, crossarms and poles of sufficient strength to W:lth;tin SeShan
responding increase in longitudinal stresses are used, bu s::;g gy
not be so decreased from the tabulated values, that, under te e
juum assumed loading, the tension will exceed 50 per cenA 0 o
breaking strength of the conductors concern_ed. for (.}rades an
construction, and 60 per cent for Grade C construction.

Note: (1) The sags giv'en for copper in the tables are ba;ed ;}I)::irf
experience and are designed to give thfa best results from the s
point of safety and continuity of serviee. ‘ o e

(2) In order to minimize the danger from wires swinging toge noi
and to permit the moderate pin spacings and crf)ssarm spacings si o
tioned by modern good practice in 'overhead.lmelconstructlon, 1dea
necessary to assign a limit to the sag, and hen(.:e 1:.0 the recomm;rll =
length of span of the smaller sized wires, as indicated by the bla

spaces in the tables. Longer spans may, however, be used with any

listed conductor size if separations anc‘l clearances (given 11|1 Slectllon
122), and the sags given in Appendix A are correspondmg‘y 1}1;;
creased. Tt is recommended that medium hard—.dra-wn copper wn'en ;
used instead of soft in new comstruction, especially for sizes smalley

than No. 2.
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(3) Soft copper wire has a yield point less than one-half that of
medium drawn copper, and hence stretches permanently with a cor-
respondingly lighter loading of ice and wind. .

(4) Copper wire does not have so sharply defined a yield point as
steel, but for practical purposes the yield point may be considered as
that point beyond which the wire is permanently elongated and the
sag permanently increased. If the wire when first strung is pulled to
a tension approximately equal to half its breaking strength and then
released and tied, its yield point is thereby raised and it will be less
likely to stretch and its sag to increase materially under moderate
loading of ice and wind. :

(d) Taking up Slack.

Slack shall be taken up when, because of the permanent elonga-
tion of the wire or movement of supporting struetures, the initial
sags have so increased that the clearances or separations of con-
ductors are materially below the requirements of the rules.

Note: As soft copper stretches more than medium or hard, the
taking up of slack will be necessary chiefly in lines where soft wire is
used.

Order 1247. Line Insulators for Grades A and B Construc-
tion,

(a) High Voltage Insulators.

Insulators for operation on supply lines at voltages exceeding
7,500 volts shall be of poreelain or other material which will give
equally good results in respect to mechanical and electrical per-
formance and durability.

Note: It is recommended that such insulators be marked by the
maker with a classification number and maker’s name or trade-mark,

the marks being so applied as not to reduce the electrical or mechani-
cal strength of the insulator.

(b) Strain Insulalors.

Where strain insulators are used they shall have the same elec-
trical strength as other insulators on the line when under the
normal mechanical stresses to which they may be subjected.

(e) Imsulalors at Grounded Structures.

Wherever wood pins and crossarms or other ungrounded sup-
ports are used within five spans of a crossing span at which the
line conductors are attached to grounded metal ping, grounded
erossarms, steel bridges, steel towers, or other grounded struc-
tures, the insulators at the grounded supports shall be capable of
withstanding without flash-over a voltage 50 per cent higher than
those used at adjacent ungrounded supports.
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Exception: Where the supporting structures for the crossing span
are the same with respect to grounding as for the other parts of the
line, the insulators used may also be the same. )

(d) Ratio Flash-Over to Puncture Voltage.

Insulators shall be so designed that their dry flash-over voltage
is not more than 75 per eent of their puncture voltage at a fre-
quency of 60 cyeles per seeond. ‘ i
- {e) Factory Tests. i _

Insulators shall be capable of withstanding without flagh-over
at a frequency of 60 cyeles per second the values given in the

following table:

TABLE 10
3 ; Test Voltage
Valtage of Clircuit i
i ] Dry Wet

5,000 3,500

11,000 8,000

17,000 13.000

27,000 20,000

30,000 22,000

40,000 30,000

75,000 55,000

105,000 75,000

135,000 45,000

160, 000 115,000

185,000 135,000

235,000 170,000

285000 200,000

375,000 225,000
- 440,000 250,000

'Note: (1) By the term “wet” is meant a condition equivalent to a-
precipitation of one-fifth inch of rain per minute at an angle of 45
degrees to the axis of the insulator. '

(2) Each insulator for use on lines operating at voltages in excess
of 15,000 should be subjected to a routine factory dry test at the
values given in table above for a period of 3 minutes at a frequency
of 60 cyeles or to any other test s_anctior’ged by =good modern practice,

such as high frequeney tests.

(f) Protection Against Arcing.

In installing the insulators and conduetors such preda.utions as
are sanctioned by good modern practice shall be taken to prevent
as far as possible any arc from forming or to prevent any are
which might be formed from injuring or burning any parts of
the supporting structures, insulators, or conductors, which might
render the conductors liable to fall. ‘
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Order 1248. Special Transverse Strength Requirements.

(a)‘ Alternative Construction in Special Cases.

In the case of struetures of Grades A or B construction where
because of very heavy or numerous conductors or relatively long
spans the transverse strength requirements of this section canno?;
pe met e_axcept by the use of side guys or special structures, and it
is physically impracticable to employ side guys, the t‘ra;lsverse
s!;rength requirements shall be met by side guying the line at each
side of and as near as practicable to the crossing or other trans-
jrersely wealk structure, and with a distance between such side-
guyed structures of not over 800 feet provided:

. (1) The side-guyed structures for each such section of 800 feet or
less sha]% be constructed to withstand the ealeulated transverse load
due _to wind on the supports and ice-covered conductors, on the entire
sectmn between the side-guyed structures. '

) (2) ‘The line hetween such side-guyed struetures shall be substan-
tl.ally in a straight line and the average length of span between the
side-guyed structures shall not be in excess of 150 feet..

.]-(3) The_ entil"e section between the transversely strong structures
“113;11 c_on';rl_ﬂy W{th the ‘hig'hest grade of construction concerned in the
Igml_es s:ct:’z‘r:érzl'(cept as to the transverse strength of the intermediate

' (b) Stremgth of Crossarms and Pins.
The crossarms, insulator pins, and conductor fastenings con-
nected to the structure at each end of the transversely weak sec-

tion in lines of grades A and B construction shall be such as to

withstand, under the conditions of loading preseribed in Order
1?41, an unbalanced load equivalent to the combined pull in the
direction of the transversely weak section of all the econductors
supported up to 10,000 pounds plus one-half the excess for grade
A, or plus one-fourth the excess for grade B.

' Note: If the unbalanced tension in any conductor does not exceed
1000 pouzads, the necessary strength will usually be provided by the
qse of single wood ping, and if the tension does not exceed 2000
p?unds, by the use of double wood pins, provided the lever arm of the
pin does not exceed 3.5 inches. (See Appendix A for tensions.)

Order 12'49. Special Longitudinal Strength Requirements for
iect_lonz ofdG-rades A and B Construction in Lines of a
ower Grade of Construction (or adjacent to A
Dead Ends). : : R e
(a) Required Strength.
The supporting struetures (including poles, towers, Crossarms,

insul‘rator pins, and conductor fastenings) for the ends of the
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higher grade section of the line shall be constructed to withstand
without failure under the conditions of loading preseribed in
Order 1241 a longitudinal load equivalent (except as noted in d)
to the combined pull in the direction of this section of all the con-
ductors and wires supported, the pull of each conductor or wire
being taken as the tension therein due to the preseribed loading.
Where it is difficult to increase the longitudinal strength, the
longitudinal stresses shall be reduced by inereasing the conductor
sags. This may require greater conductor separation. (See
Orders 1221, 1222, and 1223.)

Exception: Where this is impracticable the supporting structures
of the required longitudinal strength may be located one or more span
lengths away from the section of higher grade, within 500 feet on
either side and with not more than 800 feet between the longitudinally
strong structures, provided such structures and the line between
them meet the requirements, as to transverse strength and stringing
of conductors, of the highest grade occurring in the section, and pro-
vided that the line between the longitudinally strong structures is
approximately straight or suitably guyed.

Note: (1) When supports of the section of higher grade are ca-
pable of considerable deflection in the direction of the line, as with
wood or concrete poles, or some types of metal poles and towers, it
will be necessary to increase the normal clearances specified in Order
1220 or to provide head guys or special reinforcement to prevent such
deflection. So-called flexible steel towers or frames if used at such
locations shall be adequately reinforced to meet the requirements of
(a) above. The requirements of (a) are usually met by placing sup-
porting structures of the required longitudinal strength at either end
of the higher grade section of the line.

(2) The requirements may also be met by distributing the head
guys over two or more structures on either side of the crossing, such
structures and the line between them complying with the require-
ments for the crossing as to transverse strength and as to conductors
and their fastenings.

(b) Modified Strength Requirements for Heavy Lines.

(1) In cases where the line is approximately straight on both
ides of the section of higher grade and in line with it, the strength
of each pole or each crossarm shall be such as to withstand the
combined tension in the eonductors up to 10,000 pounds combined
pull, plus one-half the excess above 10,000 pounds for grade A,
and plus one-fourth the excess for grade B, if the line on one or
both sides of the speeial construetion should fail. In cases where,
due to change of direction of the line or because of dead ends the
longitudinal stresses in the conduetors of the sironger section are
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not normglly balanced by the conductors of the line beyond this
construction, the construction shall be such as to withstand the
total combined tension.

: (2) Where the section of higher grade is not in line with the
line beyond this section, suitable guys shall be placed to withstand
the resulting transverse stresses,

SECTION 125. REQUIREMENTS FOR SUPPLY LINES,
INCLUDING ELECTRIC RAILWAY FEEDERS

Order 1250. Compliance with Other Orders.

(a) Grade B or C Construction.

In adc.lition to the requirements of Seetions 120, 121, and 122
the requirements of this section shall be met by all suppiy lines ir;
urban 31.1(1 rural districts where a definite grade of construction
B, or ¢ is requitred by Section 123, exeept in the important cases
of erossings over railways or signal lines, conflicts, and the joint
use of poles, which are eovered by Sections 126 and 127.

(b) Special Strength.

Special 10ng'itudinal strength requirements are made in Order
1249 for erossings of supply lines of less than 7500 volts and of
cabled supply lines exceeding 7500 volts over supply lines of
more than 7500 volts, in urban distriets.

(e¢) Dead Ends.

‘Where supply lines of more than 7500 volts in urban distriets
eome.to d_ea.d ends or to changes in line direction (even where no
crossing .ex1sts) they shall have eonstruction complying with the
longitudinal strength requirements of Order 1249,

(d) Clearances.

For clearan i
s ces of conductors and wires above roadways, rail-

ways and footways, and from other condue i
2 \ stors and v
Orders 1220, 1257, and 1258. e

Order 1251. Supply Lines in Urban Districts.
(a) Lines of Less Than 750 Volts.

(1) Supply lines of less than 750 volts in urban distriets where
alone, or where crossing over, conflicting with, or where higher
and on eommon poles with other supply lines of less than 750

O].t e S’ comp y e q !
V S ne (] on 1 W1 .h ll gener&l requ eme (S (]{ E;PGIH s
120, ].2].J ﬂnd 122- ' ’
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(2) 1f the lower supply lines have a voltage greater than I'YE)O
volts and are not in cable having permanently grounded continu-
ous metal sheath or armor and are not installed in compliance with
Orders 1274 —¢, d, e and f, both lines shall comply with the re-
quirements of grade C; if the lower supply lines are of more than
7500 volts and not in such cable both lines ghall comply with the
requirements of grade B. i

(b) Lines of Voltages Belween 750 and 7500.

(1) Supply lines of voltages between 750 and 7 50_0 ?n ur}?an
districts, where alone, or where erossing over, or conﬂlcftxng with,
or where higher on common poles with, other supply .hnes of Ftot
more than 7500 volts shall comply with the construction Tequire-
ments of grade C, as given in Section 124, unless the supply lines
are in cable having permanently grounded continuons metal
sheath or armor and are installed in compliance with Orders
1274—e, d, e, and £, in which case no grade is required.

(2) If the lower supply lines have a voltage greater than 75')00
and are not in such cable, both shall ecomply with the construction
requirements of grade B.

(¢) Lines of More Than 7500 Volts.

Supply lines of more than 7 500 volts in urban distriets where
alone, or on the same poles with other supply lines of any vpltage,
or crossing or conflieting with such lines, ghall comply with the
construetion requirements of grade B.

Exception: Such lines if in cable having permanently‘ ground'ed
continuous metal sheath or armor and installed in comp.hance with
Order 1274 need comply only with the construction requirements. of

Grade C.
Order 1252. Supply Lines in Rural Districts.

(a) No Grade.

Where supply lines of any voltage in rural distriets are not con-
cerned with erossing of railways or signal lines, or eonﬂi(_zts or
joint use of poles with signal lines, no grade of co?astruetmn is
required for conduciors or supports, except as noted in (b) belf)w.
Such lines are subject only to Seetions 120, 121, and 122 for iso-
lation, guarding, clearanees, and pole arrangements, ete.

(b) @rade C. ;

When either of two supply lines in rural districts, one of more
than 7500 volts and the other of less than 750 volts, erosses, con-
fiets with, or has common poles with the other, the upper one
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shall be of grade €, unless the line of higher voltage is in eable
having permanently grounded continuous metal sheath or armor
and is installed in compliance with Order 1274—¢, d, e, and £.

Order 1253. Constant-current Lines.

Where supply lines only are concerned, constant-current lines
are included with constant-potential lines and graded by the nom-
inal full-load voltage of the circuit coneerned.

Order 1254, Common Uge of Poles by Different Supply Lines,
(a) Relative Levels.

Poles or towers used in common by supply lines of different
voltage classification, including trolley feeders, whether owned by
the same or different utilities, shall have all supply lines arranged
as to relative levels, separations, and clearances according to the
requirements of Section 122. A

Exception: Where poles are used in common by separately owned
utilities each of which may have supply conductors of different volt-
ages on the same pole, supply conductors of a lower voltage of one
utility may be placed at a higher level than those of a higher voltage
of another utility in order to admit of keeping each utility’s supply
conductors in adjacent positions on the pole, provided that:

(1) Conductors of a lower voltage classification shall never be at a

higher level than those of a higher classification, unless on the oppo-
site side of the pole, or

(2) that a vertical spacing not less than 4 feet is maintained be-
tween the nearest line conductors of the respective utilities, and this
gpacing be identified if necessary as a division space.

Note: In general the lines of higher voltage should be placed above
those of lower voltage. This arrangement will often avoid the neces-
sity for increasing the grade of construction of the crossarms, pins,
and fastenings for the lower voltage conductors.

(b) Grade of Construction.

(1) Poles or towers used in common by supply lines, as noted
in (a), shall have the grade of construetion determined by Section
123 for the highest voltage lines carried on such poles or towers,
all eonductors of all voltages being included in the computations
of stresses on the poles or towers. :

(2) The crossarms, pins, and fastenings of eonductors on poles
or towers used in eommon by supply lines, as noted in Order
1254—a, shall have the grade of construction determined by Sec-
tion 123 for the lines carried by the crossarm, pin, or fastening in
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question, according to their relation to other lines carried on the
poles or towers.

(¢) Conductor Size and Sug. .

The size and initial sag of each eonductor shall be determmgd
by its own voltage and the orade of construction 1.*equu'ed for 1it,
according to its relation to other conductors carried on the pole
or tower.

Note: The different conductors on a C(}m_m{mly. used po‘le m:y
therefore be subject to different grades of constru'ctlon reqlfnemen‘s,
the grade necessary for any crossarm or pole being the highest re-
quired for any conductor carried, by Section 123.

(d) Trolley Wires.

Where a trolley contact conductor is supported on a commonly
used pole, it shall be ineluded in the computation of transverse
stress on the structure.

Order 1255, Electric Railway Feeders and Contact Conduc-
tors.

(a) Trolley Feeders as Supply Lines.

TExeept where specifically exempted (as for clesfranee mlld ele-
vation in rules for common use of poles in this seetion and in See-
tion 122) trolley feeders shall be considered and constructed in all
respects as supply lines of equal voltage.

(b) Third Rails. .

Third rails shall be protected where not on fenced rlg]%ts of
way by overlapping guards composed of wood or other suitable
material.

(¢) Trolley Contact Conductor Supports.

All overhead trolley eontact conductors shall be so supp()rjted
and arranged that the breaking of a single condu'etor fastening
will not allow the trolley eonduetor or live span wire or current-
carrying connections to come within 10 feet fl'om.the ground or
from any platform accessible to the general publie, S.pan wire
insulati(;n for trolley contact conductors shall comply with Order
1213—f.

() High Voltage Contact Conductors. |

Tvery trolley contact conduetor of more than 750 volis in urban
districts (where not on fenced right of way ) shall 1_)e so suspended
that if broken at a single point it cannot fall within 12 feclt from
the ground or any platform accessible to the general publie.
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(e) Supply Lines Over Trolley Contact Conductors.

Supply conductors earried over trolley contaet eonduectors shall
conform to the same requirements as where crossing over supply
lines of equal voltage whether in urban or rural districts.

Order 1256. Electric Railway Construction,

(a) Assuring Against Loss of Power at Rarlway Crossings.

Unless electric-railroad systems are protected by interlocking
derails or gates at grade crossings with interurban or other heavy
or high-speed railroad systems the trolley contaet conductors shall
either be arranged with live trolley guards of suitable construc-
tion or shall be at the same clevation above their own tracks
throughout the crosging and next adjoining spans, with catenary
construetion for crossing spans exceeding 100 feet.

(b) Guards Under Bridges.

‘Where passing under steel bridges that are not sufficiently ele-
vated to prevent a trolley pole from making contact with the
bridge in case it leaves the contact conductor, a substantial in-
verted trough or other guard of insulating material shall be so in-
stalled as to prevent the trolley pole from making an clectrical
connection between the contact conductor and the bridge strue-
ture. (See also Order 1229—e.)

(e) Construction at Railway Crossings.
Trolley contact conductors and feeders and their supporting
structures, where crossing over railways, shall conform to the

" strength requirements specified for supply lines under Section 124

and Order 1260. The clearance of trolley construetion supports
from the rails of railways crossed over shall comply with the re-
quirements for supply line supports under Order 1211—e.

(d) Strength of Construction in Urban Districts Generally.

Trolley contact conduectors, feeders, and their supports, in
urban distriets, shall ecomply with the strength requirements for
supply lines of equal voltage. Direct-current circuits of more
than 750 volts to ground where at higher levels and erossing over,
conflicting with, or higher than and having joint poles with, signal
lines shall comply with the requirements of grade A. (See Order
1234—b-3 for special cases.)
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Order 1257. Wire Clearances Above Railways, Roadways,
and Footways.

The clear space between the lowest overhead trolley contact con-
ductor or feeder, or guy, span, or Messenger wire and the surfaces
of rails, streets, highways, or alleys over which the former passes
shall not be less than given in Table 3 of Order 1220—a.

Order 1258. Clearances of Contact Conductors from Other
Wires at Crossings,
‘The clear space between the trolley-contact conductor and the

lowest overhead conductor or wire crossing above shall be not
less than the following at 60° F. with no wind.

Feet

Signal lines, v & vos bho o b ii bl
Supply lines, 0 to 750 VOIS, .. ovvueeiiieee e o
Supply lines, 750 £0 7,500 VOIS.....ovvvurnirsneeies s
Supply lines, '2600 to 50,000 volts_.d. s e T AT R
5 Wired an el LN S L e b
gﬁ&ﬁﬂ?ﬁnﬁac?ﬁﬁfﬁw is of more than 750 volts, no conductor shall cross at less than. .. ..

[= Sy

Tor clearance increases see Order 1220-b. .

Exception: Trolley feeders are exempt from.a clearanc_e reqmre;
ment from contact conductors at the same mominal potential and o
the same system. ‘ )

Note: Unless the cross over conductors are beyom% the rea.;h of 3
trolley pole leaving the contact conductor or are sul‘pably prott.act;
against damage from a trolley pole leaving the contact conductor, the

clearance from trolley-contact conductors of less than 750 volts shall

be not less than 6 feet.

SECTION 126. CROSSINGS OF SUPPLY LINES OVER RAILWAYS

Order 1260. Grades of Construction.

Overhead supply lines (or signal lines which have taken ou the
character of supply lines) crossing over railways shall eomply
with the construction requirements of Grade A‘, except wl}en over
spurg, branches, or other minor tracks only, in which case they
shall eomply with the construetion requ_irem_ents of Grade B (Sf:e
Order 12338 for full statement and Section 122 for Wisconsin
statute on electrie lines.)
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Order 1261. Compliance with Other Orders.

Such overhead supply lines shall comply as to conductor sizes,
materials, and sags, and as to materials, sizes, and strength of sup-
porting structures and attachments with the requirements of Sec-
tion 124 and Order 1270—c; as to separations, clearances and
relative levels of conductors and wires on the line itself, with the
requirements of Section 122; as to guys and their insulators, with
the requirements of Orders 1212 and 1213 and in general with
the requirements of Sections 120 and 123.

Order 1262, Pole Clearance to Rail.

(1) Toles or towers supporting the crossover spans of overhead
supply lines over railways shall, unless physical conditions or mu-
nicipal requirements prevent, have side clearance not less than 12
feet from the neavest track rail, except that at sidings a clearance
not less than 7 feet is allowed. At loading sidings sufficient space
shall be left for a driveway.

(2) If overhead lines of the railway are crogsed over, the pole
or tower structures of each line concerned in the erossover shall
have clearances from the conductors of the other line as required
by Orders 1221 or 1227—a, whichever applies.

Crder 1263. Wire Clearances Above Rail,

(See also Order 1220—a, where the same requifements are given
in tabular form.) i '

The clear space between the lowest overhead supply line eon-
ductor or wire and the heads of rails above which the former cross
shall not be less than the following at 60° F. with no wind, where

the conductor or wire has fixed supports and the span does not
execeed 150 feet.

(a) Clearances Where Men Are Permitted on Cars.
Above track rails of steam railways.
(1) Supply lines of less than 300 volts to ground, overhead
ground wires, and their guy, messenger, and span wires, 27 feet.
Exception: This may be reduced to 25 feet where lines are par-
alleled by trolley contact conductors on same street or highway.
(2) Supply lines, 300 volts to ground up to 15,000 volts, 28 feet.

Exception: This may be reduced to 25 feet where lines are par-
alleled by trolley contact conductors on same street or highway,
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(3) Supply lines, 15,000 to 50,000 volts, 30 feet.

Exception: For conductors above 50,000 volts the given clearance
s<hall be increased at the rate of 0.5 inch per 1000 volts excess.

(4) Trolley Contact Conduetors, 22 feet.

(See also Order 1256.)

(b) Increased Clearance for (a).

The clearances of (a) apply to spans not exceeding 150 fect.
For longer spans they shall be inereased by 1 inch for_ea.ch 10
feot of the excess between 150 and 300 feet and by 1 inch for
each 20 feet of the excess heyond 800 feet.

Order 1264. Crossover Wire Clearances to Railway Wires.

(See also Order 1220—c, where the same requirements are
given in tabular form.)

The clear space between the lowest overhead supply line con-
ductor or guy or span wire and the highest conduetor or wire
crossed over concerned in the operation of the raliway (except
for erossings between conductors and guy or span wires on the
same poles, for which see Order 1221) shall not be less t_han
given below, at 60° I, with no wind, where the upper conductor
or wire has fixed supports (pin or strain-type insulators), and
the sum of the distanees from the point of interseetion to the
nearest supporting strueture of each span, does not exqeed 19()
feet. (When crossing.over supply conductors of the railway in
excess of 7500 volts, the clearances of Order 1220—c apply.)

(1) Above signal conductors (of railways) :

i 3] BO VOIES . v v v cmvvwasnssrmmne svmneroesanas tisesseasaiarrsnassrea GamEe
Supp'll!‘,hli?ﬁagf LDB izgu‘;ﬂs{.{ 9 Tect if the crossing is not within 6 feet of any pole concerned in the
erossing and the voltage is not more than 300 volta.
Bupply lines, 750 to 7,500 volts.............. _—
Supply lines, 7,500 to 50,000 volts, . .......
Serviee supply eonncetions (0 to 750 volts). i
Cluy, messenger, and span Wires. . ... AN 3 L A ot 1T Y M

BD 1S 5 W

(2) Above supply conductors of not more than 7500 volts.
(Signal conductors are defined as supply conductors -When opet-
ating at more than 400 volts to ground and supplying railway
signal systems.)
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!
I
!
TR J

Bupply Bings, 0 Lo TO0 WO wu o w st s e s B W S e L R 8
Bunply [ings, T80 o 7000 ¥ols: - fivm conmn s i it T i 4 v s i A e

Supply lines, 7,500 to 50,000 volts. .
Guy, Inescenger, and span wires *

*May be reduced to 2 feet when voltages do not exceed 750 volts,
Order 1265. Increase of Clearances in Special Cases.

(a) Clearance Increase for Long Spans.

The clearances of Order 1264 shall be inereased where the
sum of the distances from the point of intersection to the near-

- est supporting structure of each span exceeds 100 feet by 2

inches for cach 10 feet of the excess between 100 and 200 feet,
and by 2 inches for each 20 feet of the excess beyond 200 feet.

(b) Clegrance Increase for High Voltage.

The clearances of Order 1264 shall be increased, where the

supply line voltage exceeds 50,000 volts, by 0.5 inch per 1000
volts of the excess.

(¢) Clearamce Increase for Suspension Insulators.

The initial clearances, where the nupper line at a Grade A or B
erossing over track rails or signal lines is supported by suspen-
sion insulators, shall be sufficient to prevent the minimum eclear-
ances of Orders 1263 and 1264 from being reduced through the
breaking of a conductor in either adjoining span by more than
10 per cent over rails or by more than 25 per cent over con-
ductors or wires. g '

Note: The arrangement of insulators so that they are restrained

from displacement toward the crossing will obviate necessity of any
increase over the clearances given in Orders 1263 and 1264.

(d) Imcreases Cumulative.. _

The above inereases are cumulative when more than one ap-
plies. ) .
Order 1266. Protection Against Conductor Breakage.

(a) Splices and Taps. '

Splices shall not be made in the erossing span and preferably
not in the adjacent spans, which are depended upon for with-
standing the longitudinal stress of the erossing conductors. If a
splice or tap is made in any conductor in the span next to the
crossover span, it shall, where practicable, be placed at a point




108 INDUSTRIAL COMMISSION OF WISCONSIN

nearer to the crossover support than is the nearest conductor

crossed over.

Note: It is not the intent of this order to prohibit the installation,
in either the crossing or adjacent spans, of reliable protective devices
of the drop-out discomnector type that require making a joint in the
conductor.

(b) Falling Trees. ‘

The crossing span and the next adjoining spans shall as far
as practicable be kept frec from overhanging or deeayed trees
which might fall into the line, (See also Orders 1207 and 1211.)

Order 1267. Special Short Span Crossing Construction.

In cases where the erossover span is construeted of such height
and so arranged that, in the event of breakage, no part of any
conductor concerned in the crossing can come within 15 feet of
the gﬁ-ound or of the rails, the requirements specified in Section
194 as to conductor sags and sizes are, so far as they are required
by reason of the railroad crossing, waived provided that a per-
manently grounded guard arm is ingtalled at each erossover
support in such a manner as to prevent conductors which break
in either adjacent span, from swinging back into the space be-
tween the crossover supports. 2

Order 1268. Underground Lines Crossing Under Railways.
Underground supply lines crossing railways ghall comply with
the requirements of Seetions 120 and 129, and pal_'t-iclﬂa_rly ot
Orders 1290 and 1295. These orders require that manholes, pull
boxes, and terminalg shall, where practicable, be located away
from the roadbed, and that conductors and cables carried under-
eround, under railways, shall be placed in suitable ducts.

SECTION 127. SUPPLY LINES OVER SIGNAL LINES AND
JOINT USE OF POLES

Order 1270. Special Requirements and Compliance with
Other Orders.

(a) Grade of Construction.

Overhead supply lines crossing over signal lines under the eir-
cumstances noted in Order 1234 shall eomply with grades of con-
struction A, B or C, as noted in the order referred to.
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(b) Compliance with Other Orders.

Such overhead supply lines shall comply as to conductor sizes,
materials, and sags and as to materials, sizes and strength of sup-
porting struectures and attachments with Section 124 ; as to sepa-
rations and clearances of conduetors and wires of the supply
line itgelf with the requirements of Seetion 122; and as to guys
and their insulators with the requirements of Orders 1212 and
1213. ;

(¢) Where Concerned with Other Overhead ILines or With
Railways. ¥

Such overhead supply lines where also concerned at the cross-
over with erossings, conflicts or eommon use of poles with over-
head lines other than the signal lines erossed over, or with a rail-
way crossing, shall comply also with the requirements of Order
1230 as to relative levels and with Orders 1231 to 1235 as to
charaecter of construction, with Orders 1281 and 1282 as to guy-
ing, span length, ete., and with other orders of this seetion whieh
apply to these conditions.

(d) Pole Clearance.

The pole or tower structures of each line econcerned in the
crossover shall have elearances from the conductors of the other
line, as required by Orders 1221 or 1227—a, whichever applies.

(e) Wire Clearance Above Signal Wires,

The elear space between the lowest overhead supply line con-
ductor or guy, messenger, or span wire, and any signal line con-
ductor or guy, span, or messenger wire over which it crosses (ex-
cept for crossings between conduectors and guy, messenger, or
span wires on the same pole, for which see Order 1221) shall not
be less than given below at 60° F. with no wind, where the upper
conduetor or wire has fixed supports (pin or strain-type insula-
tors), and the sum of the distances from the point of intersec-
tion to the nearest supporting strueture of each span does not
exceed 100 feet.

(1) Above signal conductors:

Serviees, 0o Fh0yolts L Lo L b e b il s dana g 2
Supply lines, 0 to 750 volts
Exception: This may be reduced to 2 feet, if the crossing is not within 6 fect from any
pole concerned in the erossing, and the voltage is not over 300 volts.
Services and supply lines, 750 to 7,500 volts.......
Services and supply lines, 7,500 to 50,000 volts. , ..
Guy, messenger, and span wires :

B O
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(2) Above guy, span, or Imessenger wires (of'signal lines) :

Fest

Supply lines, 0 to 750 volts
Supply lines, 750 te 50,000 volts...
Cluy, messenger, and span wires. . .

B i B

() Clearance Increases.
The increase of clearances for longer spans, higher voltages,
and for suspension insulators, shall be as given in Order 1220—d.

(g) Special Requirements.
Special longitudinal strength requirements are given in Order
1249.

Note: Requirements for protection against conductor breakage
are given in Order 1266. :

Order 1271, Supply Lines Conflicting with Signal Lines.

(a) Strength of Construction.

Where supply lines are at higher levels and confliet with sig-
nal lines, the requirements of Order 1270 apply in general to
the conflicting supply lines, just as they apply where the supply
lines cross over the same signal lines. L P s L A0

(b) Awoidance of Conflict.

Two parallel pole lines, either of which carries supply lines,
shall, where practicable, be so separated from each other that
neither conflicts with the other. (See Order 1272—a.)

Order 1272. The Joint Use of Poles by Signal and Supply
Lines—Supply Lines Above Signal Lines, oo
(a) Avoidance of Conflict by Joint Use. F el
The separation of two -parallel pole lines, one of Which?'carri‘es
supply conductors and ‘the other signal econductors shall, where
practicable, be sufficient so that neither confliets with the other,
and if within conflicting distance, they shall be separated as far
as practicable. == T

Note: (1) If separation beyond conflicting distance is -im‘pr.ac-
ticable the choice between a joint pole line and separate conflicting
lines depends on the voltage of the supply circuits, the total m_lmb_gr
and weight of conductors, the tree conditions, number and location of
branches and service drops, availability of right of way, ete., as aﬁ-
fecting the relative safety attainable at reasonable cost.
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(2) Where signal lines in urban districts are concerned only with
supply lines normally operating at voltages not exceeding 5000 volts
between conductors (or 2900 volts to neutral or ground) or constant-
current circuits not exceeding 7.5 amperes, joint construction is-rec-
ommended in preference to'separate pole lines on the same street or
highway unless the number of conductors is very large or the char-
acter of the circuits makes joint use undesirable,

(3) Outside corporate limits of cities or villages or districts having
the same echaracter or density of population supply lines and signal
lines (unless in cable) should where practicable occupy opposite sides
of the highway.

(4) Where signal lines are concerned with supply lines normally
operating at more than 5000 volts between conductors (or 2900 volts
to neutral or ground) or with constant current eircuits carrying more
than 7.6 amperes, joint use is not recommended in preference to sepa-
rate pole lines, except '

(I) Where it is impracticable to separate the lines sufficiently to
avoid a conflict, or

(II) Where there would be a considerable number of service drops
or branches from one line which must cross the other. -

(5) In any event, however, joint use is preferable to the overbuild-
ing of one pole line by another.

(b) Strength of Poles.

Poles used jointly by supply lines and signal lines with the
supply lines above shall have the highest grade of construction
specified in Order 1234 according to the voltage and character
of the various lines carried by the pole. :

Exception: Where the signal lines are used exelusively in the op-
eration of supply lines the grade of construction need not be that

required above, but the lines shall occupy the same relative positions
noted under (f) below. '

(e} Conductor Supports.

The strength of erossarms, pins, and fastenings shall econform
to the highest grade of construetion required for the lines carried
by the particular crossarm concerned, according to Order 1234.
This may sometimes be a lower grade than that required for the

pole or tower by reason of other lines carried on higher crogs-
arms, e o '

(d) Special Provision Regarding Transverse Stremgth.

In calculating the transverse forces upon poles earrying sup-
ply conduetors above signal conductors, where no supply con-
ductors are below signal conduetors, and where the reduction in
transverse moment given in Order 1244 ¢ is not used, the num-
ber of signal eonductors upon which the transverse foree is cal-
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culated shall be taken as only one-half their total number, pro-
vided that they are smaller than No. 8 Stl. W. G. if steel, or No.
6 A. W. G. if copper.

Note: There aie two reasons for this exception.

(1) Signal conductors of small sizes and strung to small sags are
more liable to break and relieve transverse load than are larger supply
conductors so strung;

(2) Joint use of poles will be encouraged and thus hazards be
avoided which would exist were two separate and frequently conflict-
ing pole lines used to limit the number of wires per pole lead.

(e) Longitudinal Stresses.

In caleulating the longitudinal stresses upon jointly used poles
complying with Grade A or B construction requirements where
crossing over railways or over signal lines (where these cross-
ings would of themselves require compliance with Grade A or B
construction of the crossover span) the tension in the signal con-
ductors shal be considered as limited to one-half their breaking
strength provided they are smaller than No. 8 Stl. W. G. if of
steel or No. 6 A. W. G. if of copper, regardless of how small the
initial sags of the signal eondnctors at 60° I.

(f) Clearances, Separations, and Relative Levels.

The clearances and separations of supply and signal condue-
tors on jointly used poles, as well as the relative levels are eov-
ered in detail in Orders 1224 and 1230. In general, signal lines
for public use shall be not less than 4 feet below supply lines.

Exception: Span wires or brackets for supporting lamps or trolley
contact wires on jointly used poles may have less clearance from
signal attachments than specified in the foregoing, but in no case
shall the clearance be reduced below the following:

From span wires or brackets for lamps or trolley contact wires to
crossarms carrying signal conductors, 2 feet; to messenger wire
carrying signal cable, 1 foot; to terminal boxes of signal cable, 1 foot.

Where it is not practicable to obtain a clearance of one foot to
terminal boxes of signal cable, all metal parts of terminals shall have
the greatest practicable separation from fixtures or span wires, includ-
ing all supporting serews and bolts of both classes of attachments.

Note: (1) Where signal lines are below supply lines, the require-
ments for Grade A, B, or C, strength of the signal line crossarms,
pins, and fastenings are avoided,

(2) The establishment of standardized levels in any given com-
munity, as recommended by Order 1230, facilitates the extension of
lines and the safety of the public and workers by permitiing the
desired relative levels and clearances to be readily obtained on jointly
used poles as well as in crossings and conflicts,
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Order 1273. The Joint Use of Poles by Signal and Supply
Lines—8Signal Lines Above Supply Lines.

Note: This reIatioﬁ of levels is not in general desirable, and should
be avoided where practicable.

(a) Strength Requirements.

Poles or towers used jointly by signal and supply lines, with
the signal lines above the supply lines, shall comply with the re-
guirements and rules referred to in Order 1272 as well as those
in this order.

(b) No Reduction.

The grade of construetion A or B where required for the
sighal lines, includes the size, material, and sag of conductors as
well as the strength of structures required for supply lines of the
same grade by Section 124 with no reduction in transverse
strength requirements such as is permitted by Order 1272—d
where supply lines are above signal lines.

(¢) Grade C Signal Conductors.

Signal conductors which are required to comply with Grade C
construction may be smaller than Grade C supply conductors,
but must not be smaller nor have less sags than for Grade D
construction for spans up to 150 feet; for spans over 150 feet
the requirements for supply eonductors must be met. (See
tables for Grade D conductor sizes and sags under Order 1283.)

(d) Minor Extensions.

In localities where the practice of placing eonductors of signal
circuits for public use above supply conductors has been gener-
ally established, minor extensions with the conductors in the
same relative positions and with the clearances covered by the
table may be made in either system, but these extensions shall
not continue beyond a loeation at which it beeomes practicable
to change to the arrangement standardized by these orders,

Order 1274. The Joint Use of Poles by Cabled Supply Lines
and Signal Lines.

(a) Requirements When Cable is Unsheathed.
Poles.used jointly by signal lines and cabled supply lines not
having permanently grounded continunous metal sheath or armor

shall meet all the requirements for poles used jeintly by open
supply and signal lines given in Order 1272, ‘

s
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(b) Strength of Poles When Cable is Sheathed. .

Cabled supply lines having permanently grounded continuous
metal sheath or armor shall be installed in compliance with (e),
(d), (e), and (f) below. When the voltage of the cabled supply
lines is greater than 750, the poles shall meet the strength re-
quirements of Grade C as given in Section 124.

(e) Messengers.

Messengers shall be stranded and of galvanized or copper cov-
ered steel with strengths and sags as specified in Order 1283—F
or if of other sizes shall not be stressed beyond half their ultimate
strength when the cable and messenger are coated with one-
half inch of ice and subjected to a transverse wind pressure of 8
pounds per square foot of projected area.

(d) Grounding of Cable Sheath.

Each section of cable between splices shall be suitably and per-
manently bonded to the messenger wire at not less than two
places. The messenger wire shall be grounded at the ends of the
line and at intermediate points not exceeding eight hundred feet
apart. (See Introductory Part for method.)

(e) Splices. E

Splices in the cable shall be so made that their insulation is
not materially weaker than the remainder of the cable. The
sheath or armor at the splice shall be made electrically con-
tinuous.

(£) Insulation. - ,,

The conductors of the. eable shall be so insulated as to with-
stand a factory potential test of at least twice the operating
voltage at operating frequency applied continuously for five
minutes between conductors and hetween any conductor and
the sheath or armor.

Order 1275, Special Crossing Construction.
- (a) Short Spans.

In cases where the crossover span is constructed of such a
height that its length is less than the distance between either
point of support of its lowest conductor and the highest con-
ductor of the line crossed, the requirements for econduector sags
and for size and type of conductors in Section 124 are waived,
provided that a permanently grounded guard-arm is installed at
each crossover support in such s manner as to prevent con-
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ductors, which break in either adjacent span, from swinging
back into the conductors of the span crossed over.
Note: This character of construction is facilitated where the span

crossed over is at a minimum elevation above ground level, and where
the crossover supports can be placed quite near together.

(b) Cradles.

Cradles are not recommended. Tt is less expensive and better
to build the supply line strong enough to withstand extreme con-
ditions than to build a eradle of sufficient strength to cateh and
hold the supply line if it falls.

SECTION 128. STRENGTH AND OTHER REQUIREMENTS FOR
SIGNAL LINES AT CROSSINGS AND ALONE

Order 1280. General Requiremeniis.

(a) Conditions Determining Grade.

(1) Signal lines crossing over railways, except in the cases
mentioned in Order 1235—b, ¢, d and e, are classed as Grade D
and shall have construction in accordance with the following
requirements. Signal lines crossing over minor tracks (as de-
seribed in Order 1235—b) shall conform to the reguirements
for Grade L. - L goc i i

. {2) Where also erossing over supply lines (or signal lines hav-
ing the character of supply lines) in the same span, the con-
struction_re.quir-ed shall comply either with Grade D, Grade E,
or with Grade A.or B according to the voltage of the supply line
(see Section 123.) o |

(3) Signal lines crossing over the supply lines covered in
Order: 1234—c¢, and also crossing over railways in the same
span, shall comply with Grade D or E requirements except that
Grade C requirements apply to conductor sizes and sags. for
gpans exceeding 150 feet. (See also Section 122 for Wisconsin
statute on electric lines,) ' 21 99i)

Note: The requirements for signal lines erossing over or. conflict-
ing with supply lines only are specified in Order 1287, and for signal
lit}igvlcrpssing over trolley contact conductors in Order 1286.

T4

(b) Transverse and Long@tudmal&ytmngth

. The ‘ﬁaragraphs which speeify the transverse and longitudinal

requirements relate to Grade D construction unless otherwise
stated. For Grade E the transverse and longitudinal -strength
shall be not less than two-thirds of that required for Grade D,
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(¢) Preliminary Assumption.

In the caleulation of all stresses no allowance shall be made
for deformation, deflection, or displacement of any part of the
supporting structures.

(d) Inspection.

All parts of the supporting structures of the crossing span shall
be examined periodically by the owner and all defective parts
shall be promptly restored to a safe condition.

Order 1281, Transverse and Longitudinal Strength.

(a) Transverse Guying. :

(1) The poles supporting the crossing span shall be side guyed
or braced to withstand the transverse load put upon them in ae-
cordance with the eonditions specified below. The guys shall be
considered as taking, in the direction in which they act, the hori-
zontal component of the entire load, the poles, acting as struts, re-
sisting the vertical component. The caleulated stresses in the
guys shall not exceed one-half the ultimate strength of the ma-
terial,

(2) The assumed horizontal wind pressure at right angles to
the direction of the line upon the poles and conductors shall be
taken as 8 pounds per square foot of projected area on eylindrical
surfaces. The pressure shall be computed upon the poles without
ice covering, while the conductors shall be assumed to be covered
with a layer of ice one-half inch in radial thickness. In comput-
ing the transverse pressure on conductors the actual number of
conduectors shall be used up to 10. For larger numbers of wires
only two-thirds of the total number shall be counted with a mini.
mum of 10.

(3) In calculating transverse load a cable with its supporting
messenger with the ice covering shall be figured at their full value.
(See exceptions below.)

(b) Longitudinal Guying.

(1) The poles supporting the erossing span shall be head guyed
away from the crossing so as to withstand the load specified below.
The guys shall be considered as taking, in the direction in which
they act, the horizontal component of the entire load, the poles,
acting as struts, resisting the vertical component. The caleulated
stresses in the guys shall not exceed the ultimate strength of the
material.
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(2) The longitudinal load shall be assumed equivalent to an
unhalaneed pull in the direction of the crossing of all conductors
o1 wires supported, the pull of each conduector or wire being taken
as one-half its ultimate strength. In any case where the total pull
exceeds 10,000 pounds the load shall be taken as 10,000 pounds
plus one-quarter of the excess above 10,000 pounds.

(3) For head guying, cables are not included in the count of
wires since the messenger serves as a head guy.

FException to Order 1281—a and b: (1) If a pole is of such strength
that it will not be stressed by the specified transverse loading beyond
one-fourth its ultimate strength when installed, side guys may be
omitted. If the specified longitudinal loading on such a pole will not
stress it initially beyond one-half its ultimate strength and there are
not more than two wires in the crossing span, head guys may also be
omitted. '

(2) Where an overhead crossing which makes an angle with the
tracks of less than 45 degrees involves at either crossing pole an
angle in the pole line, the side guy within the angle may be omitted.

(3) Where a signal line paralleling a railroad track on the right of
way of the railroad crosses a spur or stub-track without any change
in general direction of line, the transverse strength requirements for
grade E construetion may be met without the use of side guys, pro-
viding the pole is not stressed beyond one-half its ultimate strength,
and no requirements for longitudinal strength are made if conductor
tensions are balanced. Where conductor tensions are not balanced,
due to a small angle in the line at one or both poles or to dead ending
any of the wires, guys or braces shall be installed capable of with-
standing such unbalanced tensions,

(4) Where on account of physical-conditions it is impracticable to
guy or brace the crossing poles as specified above, the requirements
there given may be met by head guying and side guying the line as
near as practicable to the crossing, but at a distance not exceeding
B00 feet from the nearest crossing pole, provided that the line is ap-
proximately straight and that a eable of strength equivalent to that of
the head guy is run between the two guyed poles, being attached to
the guyed poles at the point at which the head guys are attached, this
cable being securely attached to every pole between the guyed poles.

Note: Where the poles supporting the crossing span are not in line
with the poleg in the adjoining spans, additional guying shall be placed
to take care of the increased stress.

Order 1282, Relation of Crosging Span to Line.

(a) Span Length.

(1) Poles shall, whete practicable, be so located that crossing
and adjacent spans are in a straight line and free from exposure
to overhanging or closely adjacent trees or inflammable material
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or struetures. (See also Order 1211 for requirements as to loca-
tion of poles.)

(2) The erossing span shall be as short as practicable, and in -

general shall not be longer than the normal span of the line. No
crosying span shall exceed 125 feet in length if this can be avoided.

(b) Grading or Vertical Displacement of Crossing Span.

The vertical distance from the top crossarm of a crossing pole
to a straight line commecting the top crossarms of the mext ad-
jacent poles on either side of this crossing pole, shall not exceed
the values given in the fol_lowiﬁg table:

Average Length of Span in Fect Allowable Vertical

¥ Distance in Feet
LisRBRRi 00, . iy0ieine simmomer sanihiz o oer b BTt A g SR i b B T e 4
i v o = o MO AR O L Lol B = oo i 5
Exoeediig 180 ¢ 5n e me i ine o o blikiin e doite paigle st Bt R e G 6

Order 1283. Minimum Sizes and Construction Details,

(a) Size of Pole and Setting.

* Wood poles supporting the crossing span shall be of selected
timber, sound and reasonably straight. Poles shall have dimen-
sions not smaller than the values given in the tables of Appendix
B when carrying the numbers of wires there designated.

~ (1) Grade D. The minimum dimensions given in the tables of Ap-
pendix B correspond to poles designated by the wire-owning com-
panies as class C, where not more than 20 wires are carried; class B,
where 21 to 40 wires are carried; class A, where more than 40 wires
are carried,

(2) Grade E. The minimum dimensions given in the tables of Ap-
pendix B correspond to poles designated by the wire owning com-
panies as Class C where not more than 40 wires are carried; class B
where more than 40 wires are carried. '

(b) Cr osscwms

(1) Wood crossarms supportmg the crossing span. shall be of
yellow pine, fir, or other suitable timber and shall have a minimum
section of 23/ by 334 inches. Galvanized or painted iron or steel
crossarms of equal strength may be used.

(2) Crossarms and insulators shall be double on the erossing
poles, The crossarms shall be held together with properly fitted
spacing blocks or holts placed immediately adjoining the outside
pins and shall not support more than 10 conduectors.
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(c) Pins, Insulators and Tie Wires.

(1) Inmsulator pins shall be of steel, wrought iron, malleable
cast iron, or locust or equivalent wood. Steel or iron ping shall
have a shank diameter not less than 14 inch. Wood pins shall be
sound and straight grained with a diameter of shank not less than
13/ inches. Insulator pins shall have strength sufficient to with-
stand the loads to which they may be subjected.

(2) Each insulator shall be of such pattern, design and ma-
terial that when mounted it will withstand, without injury and
without being pulled off the pin, the ultimate strength of the con-
duetor attached to the insulator. The conductors shall be securely
tied to each supporting insulator.

(d) Conductors.

(1) Conductors shall be of hard-drawn copper, copper-covered
steel,” galvanized steel or other hard-drawn, corrosion-resisting
metal, provided, however, that galvanized stecl shall not be used
in localities where excessive corrosion would result,

(2) Tf spans in excess of 150 feet are necessary, the size of
conductors specified or the sags shall be corr espondmgly inerecased.
(See Order 1282—a.)

(8) Conduetors of material other than the above shall be of
such size and so erected as to have a mechanical strength not less
than that of the sizes of ecopper conductors given below.

(4) Twisted pair wires without a supporting messenger shall
in no case be used for Grade D in spans longer than 100 feet, nor
for Grade H in spans longer than 125 feet, and shall be eliminated
as far as practicable. Each wire of a twisted-pair not supported
by a messenger shall be tinned hard-drawn copper not smaller
than No. 14, or tinned copper-covered stecl not smaller than No. 17
or equivalent.

(5) The minimum allowable sizes for conductors of the eross-
ing span shall be as follows:

TABLE 11.—(1) MINIMUM WIRE SIZBES FOR GRADE D

Spang Over
125 Feet and Not

Conductor Spans 125
Over 150 Tect

Feot or Tess

Hard drawn copper............cooooiiiiiiiiinn Np. 10 A. W. G. No. 9 A W.G.
Galvanized steel . . .............................. No. 10 Stl. W. G. No. 8 Btl. W. G.
Galvanized steel in tural districts, s No. 12 8tl. W. G. No. 10 Stl. W. G.

Note: The use of No. 12, and No. 10 steel wire is not recommended
over railroads where train service is frequent or wire is subject to
excessive corrosion.
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TABLE 12.—(2) MINIMUM WIRE SIZES FOR GRADH B

- Spans 125 Spans Over
Conductor Feet or Less 125 Feet and Not
Over 150 Feet

No. 10 A,

Hard drawn COPPOT . ... vn e ereeniearsiaees W
No. 12 Stl. W.

Galvanized steel. . .....ooiviiirroiiiiaies

2 G 10 A. W. G
G No 10 5t W. G.

(3) MINIMUM WIRE SIZES FOR GRADE ¢

“Signal eonduetors which are required to comply with grade C
construetion may be smaller than grade C supply conductors, but
shall not be smaller nor have less sags than for grade D construc-
tion for spans up to 150 feet; for spans over 150 feet the re-
quirements for supply conductors shall be met.

Conductors of the crossing span shall be strung with sags not
less than shown in the following table:
TABLE 13.—SAGS OF HARD-DRAWN BARE COPPER WIRH OR STEEL

Hag in Inches

Length of Span in Feet g
At 20° I, At 607 I, At 1007 F.

2.5 4.5 8.5
3.5 5.5 10
4.5 7 12
5.5 8.5 14
6.5 10 16
7.5 12 19
9.5 15 22

1.5 18 25

(e) Guys. :

(Gtuy anchors shall, where posmble, be located so that the hori- -
zontal distance from the ground line of the pole to the guy or guy
rod will be not less than the height above ground of the attach-
ment of the guy to the poles for head guys, and not less than one-
third that height for side guys. The guys shall be attached as
near to the center of the load ag practicable. The guys and an-
chors shall be maintained so that the guys are kept taut and serve
the purpose for which they are intended.

(£) Messengers.

(1) The following table gives the minimum sizes of galvanized
steel strand messenger cable to be used for supporting different
sizes of eonductor eable:

TABLE 14— MINIMUM SIZES OF MESSENGER CABLE

‘Bize of Conduetor Cable 1 Messenger Cable (Nommul)

in Weight per Foot | Ultimate Tensile Strength
Tess than 2.25 pounds. .. ..ovvevnereiianiieonees 6,000 pounds
225405 POUNAS. c.o v ivneeeiiii i j 10,000 pounds
Exceeding 5 and less than 8 pounds. .....ovvvvennnn 16,000 pounds
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(2) Tor spans exceeding 150 feet or for heavier cables a pro-
portionately larger messenger cable or other proportionately
stronger means of support shall be used.

(8) Multiple wire cables and their messengers shall be sus-
pended with a normal sag of 60° F. so that when they are subject
to the loading preseribed in Order 1281 the tension in the mes-
senger cable will not exceed the following values:

Nominal Ultimate Tensile Strength of Safe Working Tension of
Messenger Cable Messenger Cable
6,000 pounds 3,500 pounds
10,000 pounds, 5,100 pounds
16,000 pounds 9,500 pounds

Order 1284. Signal Line Glgarances.

(a) Clearances from Ground or Kails.

(1) The clear space between the lowest signal eonduetor, guy
or messenger and the heads of rails shall, at 60° F. with no wind,
be in general not less than 27 feet. i

(2) When the signal conductors are paralleled on the same

highway by a trolley contact conductor at a lower level, the clear-

ance of the signal conductors from the rail may be reduced to
25 feet.

(3) When signal conduetors eross tracks not carrying iraffie
which involve brakemen riding on top of standard freight cars,
the above clearance may be reduced to 25 fect for steam railroad
tracks and 18 feet for other tracks,

(4) When spans exeeed 150 feet in length, additional clear-
ance must be provided as given by Order 1220—h.

(b) Clearances from Other Wires.

(1) The clear space between the lowest signal econductor, guy
or messenger and the highest wire of a similar nature paralleling
the track, shall be not less than two feet where the sum of the
distances from the point of intersection to the nearer supporting
strueture of each span is 100 feet or less. Where the sum of these
distances exeeeds 100 feet and for erossings over supply wires,
the requirements of Order 1220—c and d must be met.. :

(2) The vertical clearance hetween eonductors supported on
the same pole or strueture and at different levels shall in no case
he less than 12 inches. ‘

Note: This should preferably be 24 inches. (See also Order 1223.)
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(c) Pole Clearances.

Unless physieal conditions or munieipal requirements prevent,
the side clearances of poles shall be not less than 12 feet from
the neavest track rail, except at sidings where clearance of not
less than 7 feet is allowed. Where conductors of one pole line
cross over or under conductors of a second line there shall, if prac-
ticable, be not less than 3 feet clearance between the conductors
of the first line and any pole or tower of the second line, unless
the conductors are attached thereto.

Order 1285. Crossings of Signal Lines Beneath Railways.

(a) Underground.

Underground signal lines erossing railways shall conform to
the requirements of Sections 120 and 129 and particularly of 0_1'—
ders 1290 and 1295. Manholes, pull boxes and terminals shall be
located away from the road bed (preferably outgide the fenced
right of way of the railway). Conductors and eables carried un-
derground under railways shall be placed in suitable duets con-
forming to the requirements of Section 129.

(b) Under Bridges.

Overhead signal lines passing beneath bridges over which rail-
ways pass shall eonform to the general requirements of Section
120, to the requirements for grade of construction of Section 123,
to the requirements for conductor clearances and separationg of
Section 122, and to the special requirements for supports and
wiring arrangements of Section 121.

Order 1286. Signal Lines Crossing Over Trolley Contact Con-

ductors (Where Grade D or F Is Not Required).
(a) When Crossing Trolley Contact Conductors Not Exceed-

Cimg 750 Volis.

(1) Signal lines, except twisted-pair conductors and fire alarm
conduetors (for which see Orders 1283—d and 1288—h), carried
over trolley-contact conductors of not more than 750 volts shall
have conductor sizes not, less than the following: _—

No. 12 hard-drawn copper or steel in spans less than 100 feet.

No. 10 in spans of 100 to 125 fect.

No. 9 in spans up to 150 feet.

(2) Sags shall not be less than those given in Table 13 for
Grade D. For spans longer than 150 feet the requirements of
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Ovder 1246 for conductor sizes and of Appendix A for sags of
Grade C supply lines shall be complied with.

(3) Twisted pair conductors, unsupported by messengers, shall
not be used in spans over 100 feet, if carried over trolley contact
conductors unless each wire is hard-drawn copper not less than
No. 14 or tinned copper covered steel not less than No. 17, or its
equivalent.

(4) The clearance of signal lines above contact conductors
crossed over shall be in accordance with the values given in the
tables of Order 1220—c and d.

(b) When Crossing Trolley Contact Conductors Exceeding
750 Volts. . -

(1) For signal lines earried over trolley contact conductors of
more than 750 volts to ground see Order 1234.

(2) Twisted pair conductors may be used under the restrictions
given in (a) above, but if in A or B construction, they shall have
sags not less than those required by Appendix A for No, 8 hard-
drawn eopper, and where supported by a messenger, the messen-
ger shall have the sags required, in Order 1283—F. Where sup-
ply line voltage exceeds 7500 volts the twisted pair shall always
be supported by a messenger.

(3) The clearances of signal lines above the contact condue-
tors crossed over shall be in accordance with the values given in

the table of Order 1220—e.

Order 1287, Signal Lines Crossing Over or Conflicting with
Supply Lines of More Than 750 Volts.

Note: This construction is not recommended except over trolley
feeders.

(a) Strength of Construction.

Overhead signal lines erossing over supply lines under the eir-
cumstances noted in Order 1234 shall comply with the construe-
tion requirements of Grade A, B, or C, as required in that order.
(See Order 1289 for signal lines used in the operation of supply
lines.)

(b) Compliance with Other Orders.

Where signal lines crossing over supply lines are required to
comply with Grade A, B, or C construetion, they shall eomply as
to conductor sizes, materials, and sags, and as to materials and
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strength of supporting structures and attachments with Seetion
124 ; as to separation and clearances of conduectors and wires of
the signal lines themselves with the requirements of Section 122;
as to guys and their insulators with the requirements of Orders
1212 and 1213, and in general with the requirements of Sections
120 and 121. ‘

(¢) Where Concerned Also with Ealways.

Where the signal lines referred to in (a) above are required to '

comply with Grade O construction and ‘also cross over railways
under cireumstances calling for compliance with Grade D or E
construction, Grade D or E shall be met in all respects except
as to conductor sizes and sags, whieh shall comply with Grade C.
For spans up to 150 feet these are the same as for Grade D, Order
1283—d. For spans over 150 feet see Order 1246—b and Appen-
dix A.

(d) Pole Clearance.

The pole or tower structures of each line concerned in the eross-
over shall have clearance from the conductors of the other line as
required by Order 1221 or 1227, whichever applies.

(e) Wire Clearance Above Supply Lines.

The clear space between the lowest overhead gignal line con-
ductor (or guy, messenger, or span wire) and any supply line
conductor or guy, span, or messenger wire which it erosses over
shall not be less than given below, at 60° . with no wind, where
the upper conductor or wire has fixed supports and the sum of
the distances from the point of intersection to the nearest sup-
porting structure of each span does not exceed 100 feet:

Bignal Lines -

- Above supply conductors of Jess than 7,500 volts. .......... SRR L SR S L ML A St
Above supply eonductors 7,500 %o 50,000 volts, . ....... st B
Above supply service conduetors (not exceeding 750 volt 452
Ahove supply guy, messenger and SPATL WITES. ... v .eeuenisssnernsreis s

Gux, Spon and Messenger Wires.
bove supply conductors of less than 750 volts 2
Above supply conductors 750 to 7,600 volts...... 4
Ahove supply eonductors 7,500 t0 50.000 valts. ..o o R 1
Esception: TFor erossings between conductors and guy, meesenger or span wives on the same
pole, see order 1221,

(t) Clearance Increases. ;
Clearance increases for long spans and high voltages are given
in Order 1220—d.
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(g) Falling Trees.

The crossing span and the next adjoining spans, shall as far as
practicable be kept free from overhanging or decayed trees,
which might fall into the line. (See also Order 1207.)

“(h) Speciel Longitudinel Eegquirements.

For special requirements for longitudinal strength of crossover
supports of signal lines crossing over supply lines, where com-
pliance with Grade A or B is required for signal lines, see Order
1249.

(i) Specia,l Short Span Crossovers. ‘
For special short span crossing construction, see Order 1275.

(J) Guys.

Guys may be used to meet the strength requirements of Section
1924 and where used they and their insulators and guards shall
conform to Orders 1212 and 1213.

(k) Signal Lines Conflicting with Supply Lines.

‘Where signal lines are at‘higher levels and eonfliet with supply
lines the requirements of (a) and (b) above apply in general to
the conflicting signal lines just as they apply where the signal

lines cross over the same supply lines.
Note: Clearances from the poles and conductors of a second line
are given in Order 1227. - :
Requirements for guys are given in Order 1212.

Order 1288. Signal Lines Alone (or Concerned Only with
Other Signal Lines).

 (a) Conductors for Fire Alarm Lines. _
Conductors used for fire alarm cireuits shall comply with the
requirements of Order 1283—d for Grade D for sizes and sags in
spans up to 150 feet. For spans over 150 feet they shall have
Grade C sizes as given in Order 1246—%b and sags not smaller
than listed for Grade C in Appendix A. '
Exception: Where carried at higher levels than supply conductors
in crossings, conflicts, or common use of poles, they shall comply with
grades A, B or C construction requirements according to Order 1234.
(b) Conductors for Other Signal Lines. j
. Conduetors for signal lines other than fire-alarm lines unless
crossing over railroads or crossing at higher levels or conflicting
with, or on the same poles above supply (or trolley) lines, need not
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comply with any requirements as to size, material, or sag. (Sec
Order 1201.)

(¢c) Supporting Structures for Signal Lines.

(1) The poles used for all signal lines, unless crossing over
railways or exposed to supply (or trolley) lines by crossing above,
conflicting with, or being carried above the supply lines on the
same poles, need not eomply with any requirements as to strength
and material except that poles and crossarms shall be of such
initial size, and so guyed or braced where necessary as to Sa.f_f.:ly
withstand the vertical loads to which they may be subjected, in-
cluding linemen working on them.

(2) In other respects all signal line supports shall comply with
the general requirements of Sections 120 and 121 eovering traffic
guards, pole clearances, guys and other matters.

(d) Clearances Above Ground (see also Order 1220—a and b).

(1) Signal eonductors alone and their guys, span wires, and
messengers shall have clearances above streets, highways, alleys
or generally accessible spaces across or along (and above) which
the former pass, not less than the following at 60° F. with no
wind, when the spans do not exceed 150 feet:

SIGNAL LINES, OR QUY, SPAN OR MESSENGER WIRES Teat

Crossing streets and hIghways. ... o.ooiiiiiieiii e o gi
Along roads in rural distriets. ........ e
Crossings above spaces or ways acecssible only to pe -

Exception: The clearances do not apply to guys not carried over
roadways, or to guys along one side of a street or alley, unless over
driveways. For guys on private right of way, or parallel to sidewal'k
curbs, when not passing over pathways, or roadways, no clearance is
required; and if passing over only pathways the clearance may bhe
reduced to 8 feet. { ‘

(2) For signal-line spans over 150 feet these clearances shall
be inereased at the rate of one ineh for each 10 feet excess.

(e) Clearances from Other Signal Lines (see also Order
1220—-c and d). _ e

‘Signal conduetors and their guy, span, or messenger lines con-
cerned in erossings, confliets, or common use of poles with other
siomal lines only, shall have a minimum of 2 feet clearance from
those of other lines.
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Excepﬁon: Except for fire-alarm lines this may be reduced where
desired, unless one set of conductors is for public use and the other
is used in the operation of supply lines.

(£) Grounding, Isolation, or Protlection.

(1) Signal lines, including fire-alarm lines, if at any point in
their course exposed to supply (or trolley) lines of more than 400
volts to ground, shall be protected at each station for public use
by one of the methods specified in Part 3, Section 139. These
lines shall elsewhere be isolated by elevation or otherwise guarded
80 ag to be inaccessible to the publiec.

(2) Signal lines used in the operation of supply lines shall be

at all points isolated by elevation or otherwise guarded so as to be

inaecessible to the public. : .
(3) Metal sheathed cables and messengers shall be isolated or

grounded in conformity with the general requirements of Section
120.

Order 1289. 8ignal Lines Used Exclusively in the Operation
of Supply Lines.

(a) Under Other Lines.

Such signal lines when

(1) Crogsed over by, or

(2) Having conflicting with them, or
. (3) On common poles and helow high voltage direet current
trolley eireuits or other supply lines in the operation of which
they are used, may be considered and run as ordinary signal lines,

If

(1) These signal lines do not cross over or conflict with, and
are not on common poles with, and higher than other lines or
equipment and : 7

(2) The signal lines and eonnected equipment are adequately
guarded and accessible only to authorized persons and

(3) The precautions of Seetion 139 have been taken.

Exception: The supply lines concerned above are not required by
the conditions described to comply with the requirements of Sections

125 and 127 as to strength of construction, but the conductors shall
be not smaller than permitted by Order 1246—b.

(b) Owver Other Lines.

Such signal lines, if erossing over, conflicting with or higher on
common poles with other lines or equipment shall eomply with all




128 INDUSTRIAL COMMISSION OF WISCONSIN

the requirements for the highest voltage supply lines of not more
than 7500 volts with which the signal lines may come in contact,
exeept as to wire sizes for Grade C for which see Order 1283—d.
If, however, the signal lines are protected by fuseless lightning
arresters, drainage coils, or other suitable protective devices to
prevent the signal line voltage from normally exceeding 400 volts
to ground, they may be run as ordinary signal lines. The method
used shall be consistently adhered to throughout the extent of the
entire system. i ol

SECTION 129. UNDERGROUND LINES—MANHOLES, HAND-
HOLES, SPLICING CHAMBERS AND DUCTS,
CONDUCTORS AND EQUIPMENT

Order 1290. Location and Accessibility of Conduits and Man-
holes. e

(a) General Locations.

Underground systems of electrical econduetors shall be so lo-
cated as to be subject to the least practicable amount of disturb-
ance.

Note: When being designed and installed, care should be exercised
to avoid cateh basins, street railway tracks, gas pipes, or other un-
derground structures. ! e

(b) Ducts. 7

To facilitate installing and withdrawing eables and condue-
tors, the ducts between adjacent manholes or other outlets shall
in general be installed in straight lines. When it is necessary to
install eurves, they shall be of the greatest practicable radius,
and the spacing between adjacent manholes shall be correspond-
ingly reduced.

(e), Manholes,

Manholes shall, where practicable, be so located as to provide
convenient access and, if possible, so that the least horizontal dis-
tance from any rail of a railroad track to the nearest edge of a
manhole opening is not less than 3 feet. ik

Order 1291, Grading of Ducts.

Manholes or handholes shall when practicable be so located
and duets so graded that drainage of ducts Wﬂl always be toward
manholes or handholes. To insure satisfactory drainage, the
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ducts shall be so installed as to provide, where practicable, a grade
of not less than 3 inches in 100 feet of length.

Crder 1292. Mechanical Details of Manholes.

(a) Minimum Strength.

The mechanical design and construction of manholes and hand-
holes shall be such as to provide sufficient strength to safely sus-
tain with a suitable margin of safety the mechanical loads which
reasonably may be expected to be imposed upon them.

(b) Entrance.

The entrance to all manholes shall be not less than 24 inches

~minimum diameter. Round openings are recommended.

(e) Dimensions.

Manholes shall be so constructed, when practicable, that the
least inside horizontal dimensions will be not less than 3 feet 6
inches and shall be so arranged as to maintain, if practicable, a
clear working space not less than 3 feet horizontally and 6 feet
vertically.

Exception: When side walls of the manhole are within one foot of
the edge of the opening the depth may be less.

(d) Drainage and Ventilation.

(1) Where surface or ground water is liable to enter manholes
containing supply eonductors, these shall be so arranged, if prae-
ticable, as to provide permanent drainage.

(2) Where drainage is into sewers, suitable traps shall be ar-
ranged to prevent entrance of sewer gas into manholes.

(3) Manholes shall have adequate ventilation to open air
where any opening exists from such chambers into subways en-
tered by the public, as with some subway conduit systems, or
where other conditions are such as to make ventilation necessary.

Order 1293. Manhole Covers and Guards.

(a) Covers.

Manholes and handholes, while not being worked in, shall be
securely closed by covers of sufficient strength to sustain sueh
mechanical Joads as may reasonably be expected to he imposed
upon them, and the arrangement shall be such that a tool or ap-
plianece is required for their opening or removal. '

E! ]
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(b) Barriers or Guards.

Manhole openings shall be so arranged that when they are un-
covered barriers or other suitable guards may be placed to effec-
tively guard the opening. -

Order 1294. Material, Size, and Finish of Ducts.

Duects used in underground systems of distribution for eleetri-
cal supply and signal conductors shall be of such material, size,
mechanical strength, and finish as to facilitate the installation
and maintenance of conductors or cables.

Order 1295. Tnstallation of Conduits.

(a) Protection.

Ducts shall be suitably reinforced or be laid on suitable foun- -

dations of sufficient mechanical strength where necessary to pro-
tect them from settling, and shall be protected by conerete or
other covering where necessary to prevent their disturbance by
workmen when digging, or by other causes.

(b) Smooth Surfuces.

Ducts shall have clear bores and be freed from burrs before
laying. They shall be laid in line in such manner as to prevent
inside shoulders at joints.

(¢) Termination in Manhole.

Iron pipe conduit terminating in manholes, handholes, or other
permanent openings of underground systems shall be provided
with an effective shield, bushing or other smooth gutlet.

(d) Clearances.

(1) Duet runs shall provide as great a clearance from other
underground struetures as practicable, and particularly from
gas lines. The distance between the top of the conduit covering
and the pavement surface or other gurfaces under which the duct
run is construeted, shall be sufficient to proteet the conduit from
injury.

(2) The top of the conduit structure shall generally be located
at a depth of not less than 30 inches below the base of rail of
street railway tracks, nor less than 42 inches below the base of
rail of steam and electric railroads. By agreement of the parties
concerned, these clearances, where impracticable or for other
reasons, may be reduced, but in no case shall the top of the con-
duit structure extend higher than the bottom of the ballast sec-
tion which is subject to working and cleaning.
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Note: The above clearances are based on a duct formation, the
width of which is not more than three creosoted wood, four vitrified
clay, or four impregnated fibre ducts, or four iron or mild steel pipes,
and do not apply to bridge type structures designed to sustain the
weight of the roadbed and the operating load. When a wider duct
formation is contemplated, additional strength of construetion and
protection should be provided or the conduit placed at a greater depth.

(e) Walls Between Supply and Signal Conduils.

Conduits, including laterals, to be oecupied by signal condue-
tors for public use shall, where practicable, be separated from
underground conduit and laterals for supply conductors by not
less than 3 inches of concrete or its equivalent.

Exception: Cable extensions may, however, be made to existing in-
terconnected or jointly owned and jointly occupied duct systems used

in common by municipalities, signal and power companies, with less
effective separations than above specified.

(£) Supply and Signal Conduits Entering Manholes.

- Where signal conductors and sup ply conductors oceupy ducts
terminating in the same manhole, the two classes of duet shall be
separated as widely as practicable, and where practicable, shall
enter the manhole at opposite sides, so that cables can be racked
along side walls with a minimum of crosses between the two
classes of conductors. (See also Order 1296—a.)

(g) Joints.

Joints in duet runs shall be made mechanically secure to main-
tain individual duets in alignment.

(h) Openings Into Manholes.

' Duect openings into manholes or handholes shall, where ptac-
ticable, have a clearance above the floor or below the roof line of

not less than six inches and from either side wall of at least four
inches.

(1) Laterals.

. Duets of laterals supplying serviee to buildings, shall be effec-
tively plugged at the entrance of building or cemented by the
use of asphaltum; piteh, or other suitable means. (See also Order
1322-—h, Section 132, Part 3.)

(1) Dissipation of Headt.
Conduits designed to carry supply cables of large eurrent ca-

Pa.city shall be arranged, where practicable, so that ducts carry-
ing such cables will not dissipate heat solely through other duets.
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Note: Conductors of large current carrying capacity should where
practicable be placed in outside ducts where they will not necessarily
dissipate heat solely through adjacent ducts.

Order 1296, Location and Identification of Conductors.

(a) Separation of Supply and Signal Systems.

Underground systems of eleetrical supply conductors and of
signal conduetors for publie use shall in general be maintained
in separate conduits and particularly in separate manholes. (See
also Order 1295—e.)

Exception: Cable extensions to existing interconnected or jointly
owned and jointly occupied duct systems used in common by muniei-
palities, signal companies, and power companies are exempted from
the above.

Note: When signal conductors for public use and electrical supply
conductors occupy the same manholes, they should be maintained at
opposite sides of the manhole and where necessary separating barriers
should be installed. Where supply eables are of large current capacity
all cables should be specially protected against injury by arcing.
When it is necessary that the signal and supply cables cross in any
manhole, a spacing.of at least 1 foot should be maintained and spe-
cial mechanical protection provided against abrasion or injury by arcs.

(b) Identification. ]

Cables shall be permanently identified by tags or otherwise at
gach manhole, handhole, or other permanent opening of the un-
derground system, except where their position, in conjunction
with diagram supplied to workmen, gives sufficient jdentification.

(¢) Accessibilily.

Cables in manholes shall be reasonably accessible from the elear
working space at all times. When cables cross by or over other
cables, sufficient clearance shall be provided between them to
permit reasonable access to any cable for inspection and repair
and to prevent abrasion.

Note: Joints made in, or branches made from, underground cables
should be reasonably accessible at all times and should be in manholes
or handholes, and as seldom as possible in the ducts themselves.

() Clearance in Manholes.
Each cable, where practicable, shall maintain a vertical clear-
ance above the flcor of any manhole of not less than 6 inches.

Order 1297. Mechanical Protection, Support, and Guarding
of Live Parts.
(a) Cable Sheath.
(Clables, unless rubber insulated, shall be provided with a water
tight metal sheath or other waterproof eovering over their insu-
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lating coverings, except when used as ground connections or neu-
trals,

Note: Closely grouped lead covered supply cables should have
suitable fire resistive coverings to prevent damage from arcing.

(b) Guarding of Live Parts.

(1) Protective, control, or other apparatus on supply lines
where installed and maintained in manholes and handholes shall
have live parts inclosed in suitable cases. The metal sheathing
of all conductors or eables shall be made mechanically and elee-
trically eontinuous with the metal cases of protective, control, or
other apparatus.

(2) Joints or terminals of conductors or cables of under-
ground electrical supply systems shall be so arranged that there
are no bare ungrounded current-carrying metal parts exposed to
accidental econtact within manholes or handholes.

(c) Supports.

Mechanical support shall be provided, where necessary, for all
cables at each manhole, handhole, or other permanent opening.

Note: In handholes, which reach the top line of duets only, or in
small manholes, the conduit line itself serves as sufficient support for
the cables.

(d) Underground Risers.

(1) Conductors or cables from underground systems which
connect to overhead systems shall be mechanically protected.
Exposed metal riser pipes containing supply conductors shall be
grounded unless such conductors are eovered with a grounded
metal sheath or are themselves grounded.

(2) Conductors or cables from underground systems which
connect to overhead systems shall, if operating at more than 750
volts to ground, terminate in suitable potheads, switches, or sim-
ilar devices of approved design or eonstruction.

(3) Open supply wiring conneeting to underground systems
shall begin not less than 8 feet above the ground surface or plat-
form aecessible to the publie.

(4) When praecticable, risers to contain conductors or cables
used for signal systems shall not be placed on the same pole with
rigers to be used for supply systems. If, however, it is necessary
to use the same pole for risers of both systems, the risers for the
different systems shall, in so far as practicable, be placed on op-
posite semi-cireumferences of the pole.
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Order 1298, Spacing of Cables.

(a) Different Voltages.

Cables shall be so arranged and supported in duets and man-
holes that those of higher operating voltages are separated from
those of lower voltages as far as practicable.

Note: It is recommended that the higher voltage cables be ‘carried
in the lower ducts of a conduit system. In this position they are less
liable to injury from external sources and less liable to damage from
serious manhole fires,

(b) Different Systems.

Cables belonging to different systems (partmularly supply dis-
tribution and signal systems) shall not be run in the same duct.

Order 1299. Multiple Gonnections

When transformers, regulators,” or other similar apparatus
not located in the same manhole operate in multiple, special tags,
diagrams, or other suitable means shall be used to indicate that
faet.

Exception: éuch marking is not required when suitable cqt-outs
are provided on both high and low tension sides of apparatus
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APPENDICES OF PART 2

APPENDIX A. LOADING DATA, MECHANICAL CHARACTERIS-
) TICS, AND RECOMMENDED NORMAL SAGS OF
OVERHEAD LINE CONDUCTORS

1. RECOMMENDED SAGS, WITH CORRESPONDING TENSIONS
AND STRESSES OF COPPER LINE CONDUCTORS

While the following sags are those generally recommended,
eireumstances will sometimes call for modifications. For in-
stance, where many 1arge conduetors are carried by a pole line,
greater sags than those listed for the larger conductors will some-
times be advisable, to reduce the stresses on poles at turng and
dead ends, and to permit smaller longitudinal guying at eross-
overs where such guying is called for by the orders. (See Order
1249.)

The figures given for the sags and tensions have been rounded
off to the nearest value which can be readily measured by methods
and instruments in praectical use for this purpose.

The definition of ‘‘loaded’ may be found in Order 1241,
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BLE 15—SAGS FOR HARD AND MEDIUM DRAWN BARE COPPER
= WIRE FOR DIFFERENT SPAN LENGTHS

(At 30°, 60° and 90° F., wires without load.)

Sags
Size Grade of | Temp. ‘Span Lengths—TFeet ‘
A W. G Constr, PR
No. 8 o
I ;
No. 6 A
B
I ¢
No. 4 All
No. 2 All
No. 1 All
No. 0 All
No. 00 All
i No. 0000 All
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TABLE 16—SAGS FOR HARD AND MEDIUM DRAWN COVERED COP-

PER WIRE FOR DIFFERENT SPAN LENGTHS

(At 20°,60° and 90° F., wires without load.)

Bags
Size Grade of | Temp. 8pan Lengths—-Feet
A W.G. Constr, ' | Deg. F.
100 125 150 175 200 250 300
In. In, Tn. In In. In, In.
No. 8 C 30 15 23 k 4 d
6| 18 o1
90 21.5 31
No. 6 A 30 15 23
60 18 27
90 21.5 31
No. 6 B 30 11 17.5
60 15 22
90 18 26
No. © G 30 8.5 14
60 12 18
90 15.5 22.5]
No. 4 All 30 8.5 14
60 12 18
. 90| 17 22.5
No. 2 All 30° 2.5 14
60| 12 18
90 17 |, 225
No. 1 All 30 8.5 13.5 21 23 7 44 72
60 12 *18 26 29 33 52 80
90 15.5 22,5/ 31 34 39 59 87
No. 0 All 30 8.5 13.5 20.5 22.5 26 42 66
1 60 12 18 26 - 28 32 49 72
90 15.8 22,5 31 34 38 56 82
No. 00 All 30 8.5 13.5 20 22.5 25 28 57
60 12 18 25 28 31 46 66
90 16 22.5 30 34 38 53 73
No. 0000 All 30 8.5 13.5 18.5 21 24.5 31 43
. 0 12 18 24 97 3 | 88 50
a0 16 22.5 29 33 36 46 59
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TABLE 17—SAGS FOR SOFT-DRAWN COVERED COPPER WIRES FOR
DIFFERENT SPAN LENGTHS

(At 30°, 60° and 90° F., wires without load.)

Bags
Size Grade of | Temp, Span Lengths—Feet
AW, G Constr. | Deg. F., -
100 125 150 175 200
- In. In. In,
No. 6 (8] 30 18 28 44
60 21 32 48
90 24 36 51
No. 4 A 30 17.5 28 45
; 60 2, 32 48
90 24 35 51
No. ¢ B&C 30 14.5 23 38
60 18 27 40
20 21.5 31 a4
No. 2 A 30 14.5 23 36 2 B B
2 60 18 27 40 Fir N ISR
90 21.5 a1 4 Fi1: S I
No. 2 B&C 30 11 17.5 28 40 55
60 15 22 33 45 69
90 18.5| 26 38 30 it
Ne. 1 A 30 10.5 17.5 28 40 55
60 | 15 22 33 45 60
90 18.5 26 a7 50, 65
No. 1 B&C 30 8.5 13.5 21.5 a1 43
60 12 18 a7 37 48
90 15.5 22.5) a2 42 53
No. 0 All 30 8.5 13.5 20.5 29 39
60 12 18 26 35 45
90 15.5 22.5) 31 39 51
No. 00 Al 30 8.5 13.5 20 28 36
60 12 18 25 33 42
90 15.5 22.5 30 38 18
No. 0000 Al 30 8.5 13.5 18.5 24.5 30
60 12,0 18. 24 30 36
90 16 22.5 29 36 43
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TABLE 18—TENSIONS IN HARD AND MEDIUM-DRAWN BARE COPPER
WIRE FOR DIFFERENT SPAN LENGTHS (*)

Tensions
Sige Grade of | Condition
AW G Constr. of Load dpan Length—Feet
°F. 100 125 150 175 200 250 300 | 400 | 500
No. 8 c 30° No load
60° No load
80° No load
0 ed
No. 0 A 30° No load
-| 60° No load
90° No load
0° Loaded
No. 6 B 30° No load
60° No load
90° No load
0° Loaded
No. 6 C 30° No load
60° No load
00° No load
0° Londed
No. 4 All 30° No load
60° No lond
90° No load !
0° Loaded 1,000
No. 2 All 30° Noload | 460 450[ 5100 590| 650 540| 470  380| 350
80° No load 800 310| 380 440 500 430y 400 350 340
90° No load 210 240| 200] 340\ = 400| 370 370 340 330
0° Loaded | 1,000{ 1,100 1,250| 1,350| 1,450| 1,550] 1,550 1,600| 1,600
No. 1 All 30° No load 580| 520 GAO| 740 820| 730| 670 540 490
60° No load 380 400 470[ 530 630| 600) &80 510| 470
90° No load 270/ 300| 370 430 500 500| 520 480 450
0° Loaded | 1,200f 1,250{ 1,450 1,600 1,709 1,800( 1,900 1,900{ 1,900
No. 0 Al- |30°Noload | 7a0| 720( 820(. 30| 1,050 o7 @sof 760l 710
4 60° No load 480 500 600| - 700| 80O[ 790 790f 710| §70
90° Noload | 340 380] 460| 540 630] 660( 690 6500 630
0° Loaded | 1,400 1,500] 1,650| 1,850 2,000| 2,160| 2,200 2,300] 2,250
No. 00 All 30° No load 920| 910{ 1,050 1,150 1,300| 1,300( 1,300] 1,050 960
60° No load 600| 630] 750 880| 1,000/ 1,050| 1,100 950| .910
90° No load 430 480] 580 680| 790{ 850( 030 880 850
0° Loaded | 1,700| 1,750{ 1,950 2,150( 2,350| 2,550 2,900| 2,650( 2,650
No. 0000 All 30° No lond | 1,450 1,450| 1,650{ 1,850 2,050] 2,300( 2,600( 2,100 2,000
j 60° No load 060( 1,000( 1,200 1,400 1,600| 1,850| 2,030 1,850 1,850
90° No load 680| 770 930| 1,100{ 1,250 1,500| 1,700( 1,650 1,700
0° Loaded | 2,500] 2,500( 2,800 3,100| 3,350| 3,750| 4,100( 4,000( 4,150

(%) Correspond to the sags of Table

15.




140

INDUSTRIAL COMMISSION OF WISCONSIN

TABLE 19—THENSIONS IN HARD AND MEDIUM-DRAWN COVERED
COPPER WIRE FOR DIFFERENT SPAN LENGTHS (%)

Tensions
Szs | Cadeof | Condition e
AW, G Constr, of Load Span Length—Fect
°F.. 100 125 150 175 200 250 300
Lbs. Lbs,
No. 8 C 30° No load 77 1oid
60° No load 62 65
90° No load 54 58
0° Loaded 470 520
No. 6 A 30° No load 115 115
60° No load 94 98
90° No load 81 a7
0° Loaded 580 640
No. 6 B 30° No load 156 155
60° No load 110 120
90° No load 04 103
0% Loaded 600 630
" No. 6 C 30° No load 195 190
60° No load 140 145
90° No load 108 120
0° Loaded 640 710
No. 4 All | 30° Noload 270 280
60° No load 210 210 {
90° No load 153 170 175 185 T M |
0° Loaded 820 900 950 | 1,000 | 1,080 |........|.ceeeen
Ne. 2 All | 30° No load 430 440 410 500 530 460 400
60° No load 330 340 330 400 430 410 370
090° No load 250 270 280 340 380 370 320
0° Loaded | 1,100 | 1,150 | 1,200 | 1,350 | 1,500 | 1,530 | 1,500
No. 1 Al | 30° Noload 560 540 510 630 710 660 590
60° No load 400 410 410 500 570 570 540
90° Noload | 310 330 350 430 490 510 490
0° Loaded | 1,200 [ 1,300 | 1,350 | 1,550 | 1,700 | 1,700 | 1,850
No. 0 Al |30°Noload| 70| eeo| 0| s20| o3| 0w 870
60° No load 510 530 530 660 750 780 770
| 90° No load 390 430 450 550 630 680 680
'0° Loaded | 1,450 | 1,550 | 1,600 | 1,850 | 2,000 | 2,050 [ 2,200
No. 00 All | 30° Nolead | -8%0 800 840 | 1,000 | 1,200 | 1,200 [ 1,200
60° No load 630 650 680 830 070 | 1,000 1,050
90° No load 480 520 570 680 810 890 910
0° Loaded | 1,700 | 1,800 | 1,850 | 2,100 | 2,350 | 2,500 [ 2,600
No. 0000 All | 30° Noload |- 1,350 | 1,350 | 1,400 | 1,650 | 1,850 | 2,250 | 2,450
) -60° No load 1,000 | 1,100 | 1,300 | 1,550 | 1,900 | 2,050
90° Noload | 730 | 810 920 [ 1,100 { 1,300 | 1,600 1,750
0° Loaded | 2,450 | 2,500 | 2,650 | 3,000 | 3,300 | 3,850 | 4,200

(%) Correspond to sags of Table 16,

ELECTRICAL CODE—APPENDICES PART 2

141

TABLE 20—TENSIONS IN SOFT-DRAWN_ COVERED COPPER WIRHE

FOR DIFFERENT SPAN LENGTHS (")

Tensions
= - Span Length-—Feet
Size Grade of | Condition
A W. G | Constr. of |
°F. 100 125 150 175 200
Lbas, Lbs.
No. 6 (64 30° No load 7 94
60° No load o B2 85
90° No load 71 6
0° Loaded 540 590
No. 4 A 30° No load 140 140
60° No load 120 120
90° No load 105 115
) 0° Loaded 670 710
No. 4 B&C |30° Noload 175 165
60° No load 140 145
90° No load 115 130
0° Loaded 720 770 |
No. 2 A 30° No load 280 270 © 250 240 |ooiiiinnn
60° No load 220 230 220 225 |..
90° No load 185 200 200
0° Loaded 900 970 970
No. 2 B&C |30° Noload 350 350 310 300 290
10° No load 260 280 270 270 260
90° No load 210 240 240 240 240
0° Loaded 980 1,050 1,100 1,100 1,150
No. 1 A 30° No load 430 430 380 370 350
60° No load | 320 340 330 330 320
/| 90° No load 260 290 290 300 300
0° Loaded 1,100 1,200 1,200 1,250 1,250
No. 1 B&C |30°Noload 560 540 490 470 450
60° No load 390 410 400 400 400
'90° No load . 310 330 340 350 360
0° Loaded 1,250 1,300 1,350 1,400 1,450
No. 0 All 30° No load 710 690 670 630 630 -
'60° No load 510 530 530 530 540
'00° No load 460 430 450 480 480
0° Loaded 1,450 1,550 1,600 1,600 1,700
No. 00 All 30° No load 890 860 850 840 840
60° No load 630 850 680 700 720
90° No load 490 520 570 600 640
0° Loaded 1,700 1,800 1,850 1,900 2,000
No. 0000 All 80° No load 1,350 1,350 1,400 1,450 1,550
60° No load 980 1,000 1,100 1,200 1,300
90° No load 730 810 900 1,000 1,100
0° Loaded 2,400 2,500 2,600 2,750 3,000

(*) Correspond

‘to sags of Table 17.
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TABLE 21hS\F‘I‘T’1}ESSES IN HARD AND MEDIUM-DRAWN BARE COPPHER

B FOR DIFFERENT SPAN LENGTHS (%) \ TABLE 22—STRESSES IN HARD AND MEDIUM-DRAWN COVERED
COPPER WIRE FOR DIFFERENT SPAN LENGTHS (i)

| Stresses .
: p S‘i;’!cG (Er]rat‘let of Cl}nﬂiﬁgﬂ Span Length—Feet Stresses |
. . . onstr. 0! A . e aQ :
°F. 100 | 125 | 150 | 175 | 200 | 250 | 300 | 400 | 500 ( e | Tuedt | AT i e -
d i °F,

|
Lbs. | Lbs. | Lbs, | Lbs. | Lbe. | Tbs. | Lbs. | Lbs. | Lbs. 100 | 125 | 180 | 175 [ 200 | 260 | 300 |

per per per | per per per per per per

8. In.|Sq. In.[Sq. In.[Sq. In.|Sq. In.|{8q. In.|3q. In.[Sq. In.{3q. In. | T, Ibs. Ths. Lis, Ths. Lhs, s, |
J ° . per per per per per par per
b G |90 Holliad| 7,200/°%, 1001 2,300 ; Sq.1In. | Sq.In, | Sq. In. | Sq. In. | Sa; In. | 8q.In. | 5q.In.
90° No lond | 31600( 4.100| 4,150 ' | No. 8 C | |scHolsd | £,908 | 580
i ° No loal ) ,08
0° Loaded |34,100/38,800(40, 250 L | 90° Noload | 4,160 | 4,500 |
No. & A |30°Noleud | 7,200 7,150 5,900 0° Loaded | 35,900 | 40,000 |
60° No load | 4,800| 5,000( 4,00 No. 6 A |80°Noload | 5,350 | 5,600

90° No load | 3,600 4.100( 4,150
0° Loaded |27,400]30,500(32, 850

No. 6 B 30° No load | 8,800] 8,700| 8,000
60° No load | 5,800| 6,000| 5.900
90° No load | 4,100| 4,650 4,850
0° Loaded |28,400|31,750(34, 400

No. 6 c 30° No load | 8,800 8,700| 8,000
60° No load | 5,800] 6,000 5,900

60° No load | 4,550 | 4,750
90° No load | 3,900 | 4,200
0° Loaded | 28,000 | 30,800

No. 6 B 30° No load | 7,400 [ 7,400
60° No load | 5,450 | 5,950
90° No load | 4,550 [ 5,000
0° Loaded 2{],300 33,100

90° No load | 4,100( 4,650] 4,850 - [ No. 6 c 30° Noload | 9,400 | 0,150
! : 60° Noload | 6,800 | 7,100
0° Loaded |28,400(31, 750(34,400(35,900(. .. o[- oo oo 00 No logd | 8200 L1 |
No. 4 All | 30° Nolond | 8,800 8,700/ 8,200( 8,000 4, 0° Loaded | 31,000 | 34,600 36,800
500 No load | 4,300 4-080| 4'a50| 5 aad| 3. Y No. 4 AL {00 Noload | 8300 | .00 | 7,400 | 7,450
y ] . A, o loa i ; 125 )
0° Toaded |22,700(25, 700[27, 400(20. 200(30, 500(30, 600(30, SR Akl 00 | (0 | Bl | Bl
o A
No. 2 Al A guluag 8,500| 8,700( 9,850/11,200(12,400|10,300] 8,050/ 7,250| 6,050 0° Londed | 24,500 | 27,400 | 28,900 | 30,700 |
i 5 i | 3 .
50 No Tond | £:900| £:050] 5800 gigg 7:600] 7150 ;’Sgg 6:300 6280 [ No. 2 AlL | 309N load 8,300 8.500 Egog 8,550 10.200 8150 | 7,650
| 3 f : i '500[30. o loas A : .25 ; . % ;
0° Loaded 16, 400121, 00023, 650]28, 000(28, 100 29, 300(30, 200(30, 50030, 900 : 0o Noloud | 00 | 3380 | 230 | a0 | TSR0 | TG0 | G
No. 1 All 302 1130 }Oaﬁ §,800 8,700| 9,850[11,200(12,400[11, 150{10,250( 8,250| 7,500 0° Loaded | 20,800 | 22,300 | 23,000 | 26,250 | 28,300 | 20,300 | 20,000
i g 5 -
o No 1o | 3:500| :0%0| 5:600| o.480| 7.600| 7.600| 7850| 7.500| 6.8%0 " No. 1 AL (a0 Noload | 8550 | 8200 | o0 | 0,000 | 19,90 | 10,050 | 9,000
a 2 5 y4f i ' y s o loa . : ¥ ) ' : »15
0° Loaded |18,200(19; 250(21, 700|24, 000{26, 00027, 500{28, 700|28, 900|249, 000 U Noload |- 0000 | BB\ DR a0t | SO0 1 B0 | e
0° Loaded | 18,600 | 20,000 | 20,800 | 23,700 | 26,030 | 26,000 | 28,000
o
i 0 0 gg §3 }333 2288 2333 ?SSS %ﬁgg 13388 15;88 1},;383 3388 2;323 r No. 0 Al |30°Noload | 8,600 | 8,350 | 8,050 | 9,950 | 11,200 | 11,000 \ 10,350
90° Mo load | 4,100| 4,650| 5,600 6,450| 7,600( 7,000 8250 97 ,800( 7,600 g‘g §g }gig g%gg g‘al‘gg gigg gggg gégg gggg gggg
0° Loaded |17,100(18, 200{20,200(22, 200{24, 15026, 000{26,800(27, 500{27, 000 . N load | 6,700 | Bolpl| S0 | 00N 000 | 0| b'E
No. o . i}
- Al 28n ﬁg {323 gggg gggg gggg Ié:igg igiégg }3;333 }giigg Ig{gg 2;%‘3‘8 No. 00 Al [30°Noload | 8,450 | 8,200 | £,000 | 9,800 | 11,300 | 11,550 | 1,150
00° Mo load | 4,100| 4,650/ 5,400 6,450 7,600| 8,150 8,950| 8,400 8, (00 gga ﬁg 1323 g,ggg g.ggg g.igg gggg 97338 g;gg gggg
0° Loaded |16, 100(16, 80018, 800(20, 800|22.500|24, 200(27, G00|25,400|25, 400 | 0° Tonded | 16'300 | 17°100 | 17,700 | 20'250 | 22550 | 24,200 | 25,100
No. P ; g ; ,40013,850| 15 550(12,15
T A No o | S500| £:000] 500| '8:300] 5" 00|11 250112, 30|11 030] L1, 050 r No. 0000 Al [30°Nolomd | 8,150 | 8,000 | 500 | 9,850 | 11,200 | 13,650 | 14,600
90° No load | 4,100| 4,650 5,600| 6.450| 7,600| 9,050/10,350| 9,850/10,150 | 60° No lnag 5,800 | 6,060 ( 6,600 E,ggﬂ g.ggg lé.g{ig ig.ggg
0° Loaded |15,000{15, 10016, 90|18, 600|20, 100|22, 700|24, 600 |24, 000| 24, 830 90° Noload | 4,400 | 4,850 | 5,500 | 6,500 7, 135 0,55

0° Loaded | 14,650 | 15,000 | 15,800 | 17,900 | 19,950 | 23,200 | 23,250

T .
() Correspond to the tensions of Table 18, (*) Correspond to the tensions of Table 19.
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TABLE 23—-STBESSES OF SOFT-DRAWN COVERED COPPER WIRE
OR DIFFERENT SPAN LENGTHS (%)

Btresses
Bize Grade of | Condition Span Length—Feet
A.W. G, | Constr. of Load
°F, 100 125 150 175 200
Lbs. Lbs. Lhs. Lbs. Lbs.
per per per per per
Sq. In, Sq, In, 5q. In, . In, q. In,
No. 6 (o] 30° No load 4,700 4,550 4,250
60° No load 3,950 4,100 3,900 |...
90° No load 3,400 3,700 3,650 |...
0° Loaded 26 250 28,550 29,500 |....
No. 4 A 30° No load 4,350 4,250 3,850 |.
60° No load 3,600 3,750 3,550
90° No load 3,150 3,450 3,300
0° Loaded 20,400 21,600 22,000
No. 4 B & C |30° Noload 5,300 5,100 4,750
£0° No load 4,200 4,400 4,300
90° No toad 3,550 3,900 3,900
0° Toaded 21,850 23 EDU 24,300
No. 2 A 30° No load 5,300 5,100 4,750
60° No load 4,200 4,400 4,300
90° No load 3,550 3,850 3,900 i
0° Loaded 17,300 18,500 18, 650 19 800 |...
No. 2 B & C |30° Noload 6,650 8,700 6,000 5,700
60° No load |- 5,050 5,350 5,150 5,15!]
90° No load 4,050 4,500 4,560 4,700
0° Loaded 18,750 20, 300 20,800+ 21,500 21 750
No. 1 | & 30° No load 6,500 6,500 5,800 5,560 - 5,300
60° No load 4,800 5150 4,950 4,950 4,850
90° No load 3,900 4,400 4,400 4,500 4,500
0° Loaded 17,050 18,400 18,550 18,850 18,850
" No, 1 B & C |30°Noload 8,550 8,200 7,500 7,060 6,850
60° No load 6,000 6,260 6,050 6,000 6,000
90° No load 4,850 5,000 5,200 5,300 3,600
0° Loaded 18,800 20,100 20,500 21,300 21,800
No. 0 All 30° No load 8;'6{]0 8,350 8,050 7,650 7,500
60° No load 6,150 6,350 6,450 6,400 6,500
90° No load 4,700 5,150 4,400 5,750 5,800
0° Loaded 17,650 18,500 19,000 19,600 20,230
No. 00 All 30° No load 8,500 8,200 8,100 8,000 8,000
i 60° No load 6,000 6,250 8,500 6,850 6,850
90° No load 4,650 5,000 5,450 5,750 6,100
| 0° Loaded 16,400 17,000 17,750 18,300 19,000
No. 0000 All 30° No load 8,150 8,100 8,350 8,700 9,250
60° No load 5,750 6,100 6,550 7,150 7,650
90° No load 4,400 4.850 5,450 6,000 6,550
0° Loaded 14 450 15,000 15,700 16,600 18,000

(2) Correspond

to the tensions of Table 20,
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2. MINIMUM SAGS WITH CORRESPONDING TENSIONS OF
IRON AND STEEL WIRE

The following sags are those which will stress the conductor
to nine-tenths of its elastic limit under the loading conditions
specified in Order 1241.

This method has been employed for determinjng stecl-wire sags
for the reason that steel wire is generally used in rural districts
where the chance that conductors of other materials will be
strung on the same supporting structurves is very remote and
where long spans are used for the sake of economy. It is impor-
tant, therefore, to know the minimum sags that can be used
without overstressing the conductor.

When short spans are used and there is every possibility that
the steel wire will be replaced with copper or that copper eireuits
will be strung on the same supports, it is recommended that the
sags for copper wire of the same or nearest eross section be used,
unless the sags specified for steel wire are the greater, in which
case the latter sags should be used for both the copper and steel
conductors. This construction will eliminate a ragged appear-
ance in the line and will also assist in preventing conductors
from swinging together.

Under the assumed conditions, the tension in the eonductor
will be as great for short spans as for long ones. The longitudinal
strength of the structures for such spans must, in order to with-
stand these stresses, be comparable to the strength of structures
for long spans. The advantage of using short spans is accord-
ingly lost unless the sags are increased.

Sinece the sags for iron and steel wire have been ealeulated on
the basis of the material being stressed to nine- tenths of the aver-
age elastie limit or 0.45 of the ultimate strength under loaded
conditions, the values for the sags and tensions given in these
tables are limiting values.

A series of tables of stresses is not included, since the value
under loaded conditions is always that given in the preceding
paragraph. The stress under other conditions can be readily

~computed from the table of tensions.

io0
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TABLE 24—SAGS FOR BXTRA BEST BEST (E. B. B.) IRON WIRE FOR

DIFFERENT SPAN LENGTHS

- (At 80°, 60° and 90° F., wires without load.)

Bags
Size of Temp. W Span Length—Teet ‘ B
e Deg. B b " "To5 | 10| 175| 200| 250 so00| 400| soo| 600 | 700
In. In. In. In. 1n. In. In. Tn. In. In. In.
30 985 47.5| 70.5| @7 | 130 | 208
Stﬁv.ga. 60 31| 485 71| 99.5| 132 | 200
090 32.5| 40.5| 73 100 133 210
.6 30 18 | 31.5| 40 | €8.5] 94.5 150
Stﬁ%v. G. 60 21 | 34,8 5L | 72| 97 | 182
90 93.5| 27| 54¢ | 74.5 100 | 185
. 30 1 21.5| 34.5| 49.5 69 b 0 [RPREES SERPPere: PP (et St
srflgv.*c;. 60 145 2 | 37.8| 53 | T | 112 |...
’ 90 17.5| 28.5| 0.5 56 | 75.1) 116
i 7.3 17 | 30.5| 46.5| 64.5 100 | 102.5/ 305 ... feeei)oeeen
7%‘“1;1{1 ?,g w3l 21 | 34| so0.5| 8 | 111.5| 165.5) 808 |......
90 135 24 | a7 | 53| 71 | 116 | 168.5] 310
5 444
i 38 7ol 13 | 22 | 28 | o1 | 95.5) 188 | 300
7{;%?1{& gg 51| 99| 17 | 265 38 | 86 | 100 | 188 | 804 s
90 74l 135 21.5| 31 | 42.5| 70.5| 105 | 193 | 80!
34 i 0] 117 19 27.5| 51.5| 81.5] 158 258 a83 @.ﬂ
7%1;:1'15& % ig 3.3 155 23 | 325\ 5o.5| 86.5| 163 | 262 | 388 nig
P 90 71 12:5| 19| 27.5| av.s| oi.5| 91.5| 168 | 267 | 303 5

TABLE 25—SAGS FOR BEST BEST (B. B.) TRON WIRES FOR DIFFER-

ENT SPAN LENGTHS

(At 30°, 60° and 90° F,, wires without load.)

Sags
S%%’?rgf g:;u i, Span Length—Feet
100 | 125 | 150 | 175 | 200 | 250 | 300 | 400 | 500 | 600 | 700
In. In. In. In. In, In.
No. 8 80 03 | 40.5| 59.5| 84 [ 112.5 181
St W. G 60 o | 42| 62| s8.5 113 | 183
’ 90 97 | 43.5| 63 | 87.5| 115 | 184
30 131 25 | 40 | 585
suN%if.ﬁ G. 60 16 | 28.5| 43.5| 6L.5
' 90 19.5| 31.5| 46 | 65
; 30 | 7.5| 16 | 27.5 41.5
Stll.q %vf G. 60 w06 20 [ 81| 45
90 4.5 23 | 34 | 49
i : 37
4 in. 30 4.8 11.4] 23
21 | 4l ; .
FuEaa gg gg %g 20 | 44.5 61 |100 | 148 | 27
i 6 0.7l 16.5| 25.5| 50.5 81.5| 161 | 266 | 308 555
raand % 30 8 87 21| sos| seis| s7 | w06 |271 |4us | 560
B 90 5o 10| 17 | 25.5 a5.5| 61 | 92 | 171 | 276 | 407 564
3 1| 145 21.5| 41.0| e7.5] 136 | 226 | 330 473
7%;1%& 38 E:g ?,-2 I?.ﬁ 18| 26.0] 47| 73.5| 142 | 232 | 344 479
3 90 55 o3| 150 22.0] 31.0] 52 | 78 | 148 | 238 | 350 4384

TABLE
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26—SAGS FOR_ORDINARY GRADE STHEL WIRES FOR DIF-
FERENT SPAN LENGTHS

(At 30°, 60° and 90° F., wires without load.)

Sags
Size of Temp. Span Length—Feet
Wire Deg. F. i o EE —
100 125 150 175 200 | 250 | 300 400 500 600 700
In. In. In. In, In. In. In. In, I I I
No. 8 30 21 37 55.5| 79 104 168 M9 osrasifes l'l ..... E. ..... : l PR
Stl. W. G. 60 23 38.5| 57.5] 80 | 105 170 20 - Iy sl b Ml Ll
90 25 40.5| 59,5 82 | 107.5) 173 T U TS VUSRI )N G,
No. 6 30 11.4 23 37.5| 54 73 122 179
St W. G. 60 15 26.5( 40.5| &7 76.5| 123 182
90 18 30 44 60.5( 79.5] 127 183
No, 4 30 6.4/ 14.5| 25 38 52 83 132
Stl. W. G. 60 9.8] 18.5 29 41 56.5] 91.5( 134
90 13.5| 22 33 45 60 95 138
14 in, 30 3.3 7.1| 16.5| 26.5| 41 75.5) 117 225 | 382 |[......|......
7 strand 60 4.5 9.8 21 31 45.5] 179.5) 121 330 366 [......
90 6.4 13.5| 25 35.5| 49.5| B83.5| 125 233 T00 [ Diess famenns
+& . 30 2.6 4.6 7.7) 11.5| 19.5| 40 8 147.5| 232 | 348 487
7strand 60 3.4 6 | 1001 15| 2a5 405 74 | 152 |37 |53 | 402
90 4.6 1 13.5] 19.5 20 52 80 156 243 359 497
34 in, 30 2.6 4.3 6.6 9.9] 14.5| 28.0| 48.0] 105.0| 180 | 272 8,
7 strand G0 4.4 5.3 8.8| 12.5| 18 33.001 55.0| 112 187 | 279 ggg
90 4.0 6.8 10.7[ 16 22,5 39.5| 61.0| 118.5] 193 285 397
TABLE 27—SAGS FOR SIEMENS-MARTIN STEEL WIRES FOR D -
ENT SPAN LENGTHS i
(At 30°, 60° and 90° F., wires without load.)
Sags |
Size of | Temp, Span Length—Teet v
N Dorag, pan Leng! )
100 [ 126 | 150 175 200 250 300 400 500 600 T00 1000
In, | In. | In. In. In, In, In,
No, 8. 30 5.5117 31.5] 49 67.0 113 170
Stl. W. G. 60 9.1/20 34.5[ 51.0] 70 113 172.5
90 |12.7)24 38 54 73 | 117 175
No. 6 30 3.3| 7.3 16 28 43 77.5| 119.0
Stl. W. G. 60 5.2|110.7 20.5] 32 47.5| 81.0] 123
90 7.7(15 25 38.5] b51.5| 85.5| 127
No. 4 30 2.4 4.0 8.5 15.0( 25.0| 50 82
Stl. W. G. 60 3.56) 6.5] 1 20 30 55.5| B86.5
90 5.0] 9.6/ 16.5| 25.5| 35.5| 61.5| 91.5
3 in. 30 1.9] 3.3 5.4 8.9/ 15 37.0] 69.5
7 strand 60 2.2| 3.4 5.7 11.4| 19 43.5] T4.5
90 2.7 5 8.6] 15 24 49 81
g il 30 1.8( 3 4.8 6.8 .7 19 36
7 strand 60 2.2| 3.6 5.6 8.2 12 23.5| 42.5
90 2.7 4.5 7.9 10.4| 15 29 49.5
44 in. 30 1.7] 2.7 4 5.6 7.5 13 21.5
.7 strand 60 1.9) 3.1 4.6/ 6.50 8.8[ 15.5| 25
90 2.2 3.6 5.4 7.6 10.5] 18.5| 20.5
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TABLE 28—TENSIONS FOR EXTRA BEST BEST (E. B. B.) IRON WIRE
FOR DIFFERENT SPAN LENGTHS (%)

Tensions

Span Length—Feet

Clonditions
Size of i ; 3
St W. G. éﬁpfmﬂ 100 | 125 | 150 | 175 | 200 | 250 | s00 | 400 | 600 | 600 700

No.8 | 30° Noload
b 60° No load
90° No load
0° Loaded

No. 6 | 30° No load

** 1 50° No load
90° No load
0° Loaded

2 30° No load
No.4 30 Noload
90° No load
0° Loaded

14{in. | 30° No load
trand | 00° No load
Totrand | 00 No load
0° Loaded

i BN
7 st o loa
£ 90° No load
0° Loaded

3% in, 33’; }NTU lloag :

7 strand | 60° No loa : s
> 523 | 494 | 475 | 4511 4

980 1%00;(&:3 1 ??? 1.3?01 1,711 (1,711 1,711 1,711 |1,711 {1,711 1,711 |t,711 | 1,711

() Correspond to the sags of Table 24,
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TABLE 20—TENSIONS FOR BEST BEST (B. B.) IRON WIRE FOR
DIFFERENT SPAN LENGTHS (1)

» Tensions
Conditions

Size of Span Length—Feet
of Wire | load and -

Temp. F. | 100 | 125 | 150 | 175 | 200 | 250 | 30c 400 | 500 | 600 | 700

No.8 |30° Noload | 46
Btl W.G. | 60° Noload | 43
90° No load 40

0° Loaded | 474

No, 8 |30° Noload | 114
Btl. W. G. | 60° No load 92
90° No load 79

0° Loaded | 663

No.4 [30°Nolead | 275
5t W. G | 60° Noload | 193
90° No load | 146

0° Loaded

1{in. | 30° Noload | 396
7 strand | 60° No load | 281
90° No load | 147

0° Loaded | 900

Tgin | 30° Noload (1,015
7strand | 60° Noload | 779
90° No load | 564

0° Loaded |1,530

34 in, 30° No load (1,354
7 strand | 80° No load |1,07 ; 3 ; E
90° Noload | 804 [ 720 [ 660 | 615 | 576 | 531 | 506 | 482 | 472 | 466 463
0° Loaded (1,891 |1,891 |1,891 [1,891 |1,801 |1,891 |1,891 (1,801 (1,891 [L,891 | 1,801

(*) Correspond to the sags of Table 25..
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y y NARY GRADE STEEL WIRE FOR
TABLE 30—TENSIGER o R N TENGTHS (1)

TABLE 31—TENSIONS FOR SIEMENS-MARTIN STEEL WIRE FOR
DIFFERENT SPAN LENGTHS (")

Tensions Tensi
iti ‘ensions
) Conditions Span Length—Feet Conditions
8 . P 114 i
Stl %e G.| load and B8tl S%e G loac{) f:m‘d Ena Tometler et

‘ “Pemp. F. | 100 | 125 | 150 | 175 900 | 250 { 300 | 400 | 00 | 60O | 700

Temp. F. | 100 | 125 | 150 | 175 | 200 | 250 | 300 | 400 500 | GOO | 700 |1,000

| | No.§ | 30° Noload

‘ 150 INDUSTRIAL COMMISSION OF WISCONSIN . \

i No. 88(l. 30° Noload | 189 ~ 99 ~ 76|~ e1| 63|  fo 1] A i it
80° No {g:g W.G. [60°Noload | 115 81| 69) 64 61| 58 56.....
i 001 Mo et 90°Noload | 84| 70l 83| 61 59| 57| 56| 55|,
. 0° Londed 0° Loaded | 694 604) 694 ©004| 94| 694 604 eo4| ... |llll.
l No.§ |30° No {Wi No. 6 8tl. | 30° Noload | 452| 310] 219 166 147 126 118 111].....[.....
| 60° No load W.G. |60°Noload | 270 211 168 143| 131| 119] 113 1008|  ..| 0
| 9001‘{"’ e © | 90°Noload | 204| 160| 138| 125| 120 1i3| 110 107| ...
W 0° Loa 0° Loaded | 966) 966| 66| 966 966| 006 o66| oss| ...
L No. 4 -3{!:-11:}0 }oag No.4 8il. | 30° Noload | 835| 686 536| 417| 342| 261) 230 207].....
| 60° i joad W.G. |60°Noload | 598/ 478 387 22| 281] 239 213| 201| i i| ..
‘ 90° e 00° Noload [ 410| 337| 287| 250] 232| 213| 203| 1s3| ...
\ i 0° Loaded | 1,347| 1,347| 1,347| 1,347| 1,347| 1,3471,347(1,347|. ...,
1
1in. | 30° No load 3 in. |30°Noload | 1,003| 895| 779 41| 505 315 244| 199 184
7'strand | 60° 1Igo {Uag 7strand | 60° Noload | 845 740| 628| 505 398 272| =226 192| 181
| sg: o 3?1211 902 Noload | 689 590) 488 389 s14] 240| 210| 186| 178
|. e tond |t102 1070 | 024 | 782 | e1g| o1 | aio | 33| 345 | 333 28 - 0° Loaded | 1,350| 1,350| 1,330 }.350 1,350( 1,3501,350|1,350]1,350
I plfomna | S Mo | "03t |80 | oo8 | sm | 24| g0 | e Ba0) BoO| ) 7 | 800 Noload | 1oag] L:5%8| a0l 1430 1ougl nogg) oa) sorl ass)
g 0 4 162 49 [ 56 | 1 ran 0 lo: ' s y = il
002 Nolnd || 728 1, 910 [1.310 [1,700 [1,710 |1,710 |1,710 1,710 |1, 70 [1,710 | 1,710 | o Noload | 1,180 13| ogs| wil| 'sa rsl a7l 488 4t
i ) § » 2 : .
| ° No load |1,726 |1,630 |1,506 [1,372 |1,238 | og0 | 829 | 077 | 619 | 592 gg; _ 0 ed | 2,160| 2,160 2,160| 2,160 2,160| 2,160|2, 160|2, 160|2, 160|2,
\ %md ':ég"NDlgad 402 [1216 [10203 |1l003 | ‘ooz | 830 | 728 | 835 [ 597 E'[?sg bt bgin. (30° Noload | 2,652| 2,566| 2,495| 2,419| 2,315| 9,109]1,808(1,411|1,114
. : 7 stran o Noload 1,088 [10017 | 'oar | 'sa7 | 792 | 705 | @52 | 600 ) 576 ME | o 7 strand | 60° No load | 2,292/ 2,235| 2,166| 2,007| 2,006| 1,805|1,506(1,231|1, 019
| agu Toaded [2:249 (2,240 |2.240 |2,240 |2,249 |2,240 (2,240 2,249 |2,240 2,240 | 2, 90° No load | 1,964| 1,907| 1,844| 1,778 1,606| 1,517|1.368|1, 083

i L 941 3
| i B 0° Loaded | 3,061| 3,061| 3,061| 3,061| 3,061 3,061(3,061|3,061|3,061(3,061/3,061|3, 051
I (v) Correspond to the sags of Table 26. ; | ;

(B) Correspond to sags of Table 27.
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3. MECHANICAL DATA FOR COPPER AND STEEL WIRE

(a) Copper Wire. The following table contains data on the
ultimate strength and per cent of elongation before failure of
hard, medium, and soft copper wire as given in the 1915 report
of the Ameriean Society for Testing Materials. -

The elastic limit as given by the same society is 55 to 60 per
cent of the ultimate strength for hard-drawn copper and 50 to
55 per eent for medium-drawn copper. There is no definite elastic
limit for soft copper, but its behavior, after having a slight pre-
liminary stretch, may be considered as approximately that of an
olastic material having a limit of elastieity of 10,000 to 15,000
pounds per square inch.

The modulus of elasticity has been taken at 16,000,000 for all
grades of copper. The coefficient of linear thermal expansion per
degree . has been taken as 0.96 > 107

TABLT 32—MECHANICAL DATA FOR COPPER WIRE

Hard-drawn Medium-drawn Soft-drawn
f
Average Average
Size Diam- | Average | Average | Minimum | Maximum Elonga- | Average | Average
W. G. eter Ultimate | Elonga- | Ultimate | Ultimate tion Ultimate | Elonga-
Strength tion Strength | Strength Strength tion
Lbs. Lbs. Lbs. Lbs.
Per Per Per Per Per Per Per
Sq, In. Cent Sq. In. 8q. In. Cent 8q. In. Cent:

63,700 1.08 40,660 56, 660

62.100 1.14 49,000 56,000

60,100 1.24 48,330 55,330

57,600 1.98 47,000 54,000

56,100 2.17 46,000 53,000

54,600 2.40 45,000 52,000

52,800 2.80 44,000 51,000

51,000 3.25 43,000 50,000

49,000 3.75 42,000 49,000

(b) Iron and Steel Wire and Cables. The following table con-
tains data on the strength of various grades of iron and steel wire
and cables. The data for eables was obtained from tests made by
the American Telephone and Telegraph Co., and by the Bureau
of Standards, and for solid wire from manufacturers tables.

The elastie limit for different samples of the same grade of wire

will vary over a considerable range, the minimum value being-
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0.45 of the ultimate strength and the maximum 0.55 of the ulti-
mate. The average elastic limit, therefore, has been taken as
one-half of the ultimate strength.

However, in order that the minimum value of elastic limit may
not be exceeded in practice, the sags for iron and steel wire Weruc
all figured on the basis of a maximum stress of nine-tenths of the
average elastic limit under the most extreme loading condition.

The coefficient of linear expansion for iron and steel per de-
gree F. has taken as 0.67 > 10-.

LE 33—MECHANIC £ £ ol
TAB M Ali DA CA FOR IRON AND STEEL WIRES AND

" ' Maodul
TUltimate Strength of— of E?ﬂsl‘éigiiy
i %ct-unl x 10-8 of—
Size jarm- .
Nominal r‘]?'c?l - grdl-
. ) ary
Ordi- Sie- atle
EBR BB nary n'mna- EBB G;x?&t'
Iron Iron | Grade | Martin | and Sie-
Steel Steel BB mens-
Martin
Lbs. Lbs, Lbs. Lbs, Lbs. Lbs
% S Per IPB]' Per Per Per Pe:.
%J].‘\d: 1. q. In. | Sq. In. | Sq. In. | Sq. In. | Sg. In. | Sq. In, | 8q. In,
0. 88tLW.G......... 162 0206 | 45,450 | 51,0
...... . . 13, ,000 | 54,700 [ 74,800 }
ﬁg 2 gﬂ. &. g ....... %gg 0289 4{3,450 51,000 | 54,600 | 74,000 gg %g
S/f_.mude:l; RGBTy 5 L0398 | 45,500 | 51,000 | 54,600 | 72,000 26 29
Y i, 7— 83 mils..., i 249 0379 | 47,500 | 52
8 i i 2 . ) 700 | 60,700 f
by 111;‘ ';:%g% m_ll]:?.. Kl .327 .0654 | 47,400 | 52,000 | 58,100 ;g.igg ig g{ '
44 in., milsdsiaiia s .36 0792 | 48,000 | 53,000 | 63,200 | 85,900 19 21

4. RESULTANT CONDUCTOR LOADINGS

: The following table gives the resultant loading in pounds per
t.oot for conductors of various sizes and material. The calcula-
tions are based on the assumed loadings given in Order 1241 and
on average values of the diameters of weather-proof wires. The
over-all diameters of covered wires supplied by various manufac-
rt.ur'ers. vary considerably and hence average values are chosen.
This is also true of the sizes of the strands which make up
sFranded steel cables. The values of loading are based on the
sizes of strands given in the table.
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TABLE 34—CALCULATED LOADéFZ%] SFOR CONDUCTORS OF VARIOUS

Diameter Weight of Resultant
Size of Conductor aver all conduector Inading
In. Lhbs, Per Fi. | Lbs. Per Ft,
0.081 0.020 0.816
.102 .032 .839
128 . 060 .872
.162 L0795 017
204 126 .081
.258 .201 1.075
.289 .253 1.137
.325 .320 1.214
.365 .403 1.309
460 641 1.5675
.21 035 .937
.26 .053 .982
.26 075 1.003
.32 112 1.075
.38 164 1.164
44 260 1.278
47 316 1,345
.50 . 407 1.435
.53 502 1.532
.65 767 1.850
444 .270 1.285
.518 .328 1.395
.620 424 1.5657
662 522 1.666
.785 800 1.903
.862 . 985 2.217
.978 1.345 2.619
1.108 1.804 3,217
g 1.343 2.822 4.272
1,000,000 cir. mil 1.531 3.074 5,230
Bare stranded aluminum, A, W. G.
No. 2 291 .061 1.023
.328 077 1.065
.368 097 1.112
414 .122 1,168
.522 .195 1.312
Bare stealksohd and stranded.
0. BB W. Gusolid.e .o 162 069 912
No. 6 Sil. W. G. solid... 192 097 .953
No, 4 5tl, W. G. solid........... .225 154 1.006
}/m 7— 83 mils, str.. s . 248 126 1.022
& in,, 7—104 mils. ST, . 827 .210 1,142
/Lu 7—120 mils. str .360 .295 1.230
Bare solid copper No. 8 B, W, Giooooovvvvinviniiinnnnns 165 .082 .921
Bare solid iron No. 12 B. W. (& PR AN, 3 109 .032 846
Bare solid iron No, 14 B, W. G........... .083 .019 .816
Bare solid copper No. 12 N. B, B.. k 104 033 .842
Bare solid copper No 14 N.B. 8.0, .080 019 814
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APPENDIX B. LOADING DATA, MECHANICAL CHARACTERIS-

TICS AND RECOMMENDED SETTINGS OF
OVERHEAD SUPPORTS

1. DATA FOR COMPUTING VERTICAL AND TRANSVERSE
STRENGTH REQUIRED FOR LINE SUPPORTS

(a) Assumed Vertical and Transverse Loads on Conductors
of Various Materials and Sizes. The vertical loads on supports
due to the conductors with or without ice based on the assump-
tions of Order 1242—a, are given in Table 35. Values for vertical
loadings for wires of other sizes and materials can be readily
computed. The over-all diameters of weather-proof wire sup-
plied by different manufacturers vary considerably, and hence

average values are chosen for the table.

TABLE 35—VERTICAL LOADS ON CONDUCTOR SUPPORTS

. Diameter Conductor
Size of Conductor over all' 0.5 inch iui-
Bare mhd tmp;)er A WG In, Lbs. Per Ft.
No. 0.081 0,381
102 . 406
128 .440
.162 .491
.204 564
. 258 .673
.289 (744
.325 .833
.365 940
480 1.238
.21 476
.25 .519
.26 o4
.32 621
.38 L7111
44 .843
47 .o19
gg 1.029
3 P i N v = .65 145
T.B. W. P stranded copper, A, W, G,
%T .......................................................... 444 .855
[ .618 961
Noe D scvnmmmncanss .62 1.120
go. 00w mmmanaas 062 1.245
0. 0000........... .785 1.599
250,000 eir. mils. . .862 1.832
350,000 oir. mils 978 2.264
500,000 cir mils. . . . 1.108 2.804
750, 000.cir. mils. .. . 1.343 3.960
1,000, 000 ¢ir. mils 1.531 4.037
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TABLE 35—Centinued

Diameter Conductor +
Size of Conductor over all 0.5 inch ice
Bare stranded aluminum, A, W. G. Tn Lbs. Per Tt
No. 2 . 291 553
328 592
368 636
414 691
522 831
Bare solid copper, No. 8 B. W. Govvnii oo .165 495
Bare solid copper, No. 12 N. B.B...... : .104 409
Bare solid copper, No. 14 N, B, 5........ 5 .080 .380
Bare golid iron, No. 12B. W. G.......... 3 .109 410
Bare golid iron, No. 14 B. W. Guovvvviiiiet i .083 .381
Bare steel—solid and stranded.
No!'8 Stk We'G=sphd\!. L8 LA S sl Bl & .162 481
No. 6 Stl. W. G—=solid....... - i 192 527
No. 4 StL W. G—solid............... e A .225 .687
14 in., 7— 83 mils., stranded 249 590
+ in., 7—109 mils., stranded.......... 327 725
34 in., 7—120 mils., stranded 360 .830

The values of transverse loads computed from Orders 1240—b,
1242—b, 1280—e, and 1281 for various grades of construction
(A, B, C, D, or E) are given in Table 36.

These values are computed on the assumption that a definite
fiber stress, equal to half the ultimate strength of the material,
will be considered as a limiting value, and that the loading speci-
fied in Ordeis 1242 and 1280 for Grades B and D will be modified
to apply to the other grades. Thus the column headed “‘B, D" is
computed for an eight-pound wind and a half inch of ice on eon-
ductors. The next column to the right gives values two-thirds as
great. The column headed A gives values 50 per cent larger than
for B. It must be remembered that for signal poles not guyed,
double strength is called for and this is most easily figured by
simply doubling the quantity given rather than to introduce dif-
ferent working stresses in the material.

Values for transverse loadings for wires of other outside diam-

eters can be readily computed by adding one inch to the outside -

diameter in inches, which will give the force in eolumn A. This
results because one must divide by 12 to convert to feet, multiply
by 8 to give values for B and increase these by one-half for A.
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TABLE 36—EQUIVALENT TRANSVERSE FORCE ON WIRES

Actual force on ice-covered wire modified for grade (pounds per conductor

per foot,)
Size of Conductor A B o]
D E
1.08 0.721 0.480
1.10 735 490
1.13 759 501
1.16 775 516
1.20 -803 535
1.26 1839 550
1.29 -850 573
1.33 ‘883 580
1,37 J910 607
146 L0973 649
.91 0.807 0.538
1.9 1833 556
1.2 -840 560
1.32 1880 587
1.38 1920 613
1,44 -960 540
1.47 1980 53
1.50 1.000 667
1.53 1.020 680
1.65 1100 733
1.44 0.963 0.642
1.52 1.012 675
1.62 1.080 720
1.66 1.108 .739
1.79 1.190 .793
| o
500,000 cir, mils 92.11 1.405 R
769,000 cir, mils. , 2,34 1.58 1,041
1,000,000 cir. mils 258 | 18y 10125
Bare stranded, A, W. G.
II:IIH 1.29 0.861 0.574
No.looli 1.33 885 500
No. 0o 1.38 917 811
No. 00l 141 .043 628
AThb SR e 1.52 1.015 676
Bare golid, No. 8, B. W. 5
Bare solid, No. 12, B, W, % H 0;;5 0o
Bare rolid, No. 14, B. W. 1.08 722 i
Bare solid, No. 12, N. B. 1.10 736 481
Bare solid, No. 14, N, B, 8., ..., .. /it 1.08 .720 43(1)
Bareﬁoﬁg aslﬁd %m&ded.
0. . W, G—=olid i
No. 6 §tl. W. G.—=olid HSE gi 30
No. 4 Stl. W, G—solid . . . 1.235 216 it
14 in., 7~ 83 mils. str. ... 1,249 -833 385
2 i) 7—100 mils. str., 1.327 ‘8B4 300
84 in., 7—120 mile, str. ... L0 A 1.360 -906 "4
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| (b) Culeulation of Moments of RBesistance of Poles. 'Lhe re-
| sisting moments of sound ehestnut, western red cedar, and cypress
poles for varying ground-line eircumferences given in Table 37 TABLE 37—RESISTING MOMENTS OF SOUND WOOD POLES FOR
. ‘ ; : e e 5 unds per VARIOUS GROUND-LINE CIRCUMFERENCES, BASED ON A MAX-
are based on a maximum allowable fiber stress of 2?00 Po 8§p o e s et o e W s il
square inch, which is one-half of the assumed ultimate strength. SQUARE INCH FOR CHESTNUT, WESTERN RED CEDAR,
. AND CYPRESS, AND 1800 POUNDS PER SQUARE INCH
fsth dwood
The resisting moments of northern white cedar and redwood- FOR NORTHERN WHITE CEDAR AND REDWOOD
poles are based upon an allowable fiber stress of 1800 pounds per
square inch, which is one-half of the assumed ultimate strength. ‘ Raiting moment Reiting momests
R % . ] 1n pound-fee or ) 1n pound-iee or
For other varieties of wood poles, the resisting moments will ‘ Gitfuifert fiber stress of Cirtonileey fiber stress of
be in the same proportion to those tabulated as the relative ulti- |‘ grﬂl'ﬂ%sm %53(30883::;15 1.;18920533::16@ giﬁéf; in %eiogqﬁg?:ds 1I;cs;r02q pounds
mate strengths of the different woods. inch inch inch imoh
For sound southern yellow pine, the same values as for chestnut 23 o0 650 50 .10 10,49
2 0,300 3 ' ,
may be used. Values 30 per cent greater than for chestnut may = et e o Sen Sl
be used for dense southern yellow pine meeting the standard of -4 }iggg lg;’igg i lggégg %géﬁg
; : ; . : 29 16,100 11,60 55 109,700 !
‘the American Society for Testing Materials. Southern yellow 50 130 12400 §§ 108 800 5340
s 1 A 3 19,650 . 15 £ 122,100 7.9
ine should not be used for supporting structures unless creo a 21600 15500 i 152700 ot
p ; e 33 231700 17,100 59 135,400 07,750
soted or subjected to some other preservative treatment, as other- | a1 ggggg 18,700 6o }ﬁggg 13?38(0)
. 3 3 v . F v ,400 , 107,
wise the rapid deterioration will require early replacement. \ A 300800 | 22'150 o 17,500 113200
la has b d in caleulating the mo 5 35,200 2,160 5 172500 154,500
1 i § 1n ¢ - 36, 6,100 ,90 ) 124,
Dhe f()llOW1ng formu i = HER. ShiE g 39 | 39,100 28,200 G5 181,100 130,400
ments : 40 42,200 30,400 66 189,600 136,500,
' 4 gemm) 2 o8
M = 0.0002638 £ C* = moment in pound-feet; where 3 52,400 37,750 69 216,700 156,000
q - d ware inch, and i .10 | 530, a0p 176,000
— : 83 in pounds per squar a 5 ; 3, ; 100
f = allowable fiber stress in po b : 4 o ! 46 64,200 46,300 72 246,200 177,300
C = circumference of the pole at ground line in inches. i 73:500 00 || b 57200 192,400
. ) oidad 49 77,600 55,800 75 ' 278,200 200,300
While the ground-line section may not be the most stresse
section in poles with considerable taper, it is so regarded here. ‘
Sinee the wood usually deteriorates most rapidly at this point, it 2. METHOD FOR DETERMINING SIZE OF WOOD POLE
is here that sufficient strength must he provided. ' REQUIRED ‘

| (a) Formule Used.

\ Given the span length, the size, material, number, and height
of conduetors, the size of pole which will fulfill the requirements
f of Orders 1240—b, 1242—bh, 1280—e, and 1281 may be obtained
by use of the following formulas for any transverse strength re-
‘ quirement as determined by hazards involved:

Let ny to no =number of conductors in groups, all conductors in a
group being of the same outside diameter and at the
same elevation.

N =total number of conductors.
P to Pn=equivalent transverse forces in pounds per foot of span
for the sizes of conductors in the respective groups, as
taken from table 36.
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h. to ha=respective elevations above ground in feet, of conduc-
tors subjected to forces Py to Pu. .
S =span length, in feet (or one-half the sum of the adja-

cent spans). .

Po= pressure in pounds per square foot as given in the
yules mentioned above, according to local conditions (A,
B, C, D or E).

D — estimated mean diameter of pole, in feet.

H = height of pole, above ground, in feet.

Then the moment due to the pressure on the pole is M= 1. P.DH*
pound-feet and the moment due to the pressure on the conductor is
Me =8 (Pinih; + Psnghs - ... Punoha) pound-feet, and the total bend-
ing moment on the pole is M =M 4 Me.. This value of M will always
be employed for poles carrying supply lines only, but where only sig-
nal conductors are concerned, the bending moment to be considered, in
order to fulfill the requirements of Order 1281 will be as follows,

when side guys are to be used:
M = My -+ M., when N is not greater than 10;

M=M+ %5, when N is 11, 12, 13 or 14; or
M = My + M., when N is not less than 15.

When it is intended to use a pole strong enough to allow the omis-
sion of side guys, the bending moment to be considered will be M =2

(My + Me), or M=2 (Mp+ “LNM~) or Mi=2 (Ms -+ 3M.), according

to the wvalue of N.
A pole should then be selected having a length equal to H plus

the depth to which it is set in the ground, and a ground-line eir-
cumference given, by Table 87, a resisting moment equal to, or
greater than, M as obtained from the above formulas.

(b) Ezamples.

(1) Suppose it is desired to choose a pole to comply with the
orders under the following conditions:

Adjacent spans 61 feet 8 inches and 89 feet ; average span 75.33
feet.

Height of pole above ground, 62 feet.

Line in urban territory, and carrying the following wire load :

Height

of arm Bize Number Voltage

above of Kind of Wire 0 (or other

ground Wire Wires class)
60.33 6A, W. G |T.B, W. P. solid copper............ 6 7.8 amp.
58.33 6A. W.G.|T. B. W. P. polid copper............ 6 7.6 amp.
50.33 BA.W. G |7, B. W. P. solid copper............ 6 7.0 amp,
54.33 0000 A, W. G. | T. B. W. P. solid copper.... L 4 2,300 wolts
52.33 0000 A. W. G. | T. B, W. P. solid copper....... 4 2,300  volts
50.33 0000 A. W. G. | T. B. W. P. solid copper....... 6 2,300  volts
48,33 00A, W. G. | T.B. W, P. solid copper....... 2 2,300 volts
44.33 | 350,000 c. m. T.B. W. P. solid copper............ 3 2,300 volts
44,33 6A W.G.|T. B, W. P. golid copper............ 1 7.6 amp
42,33 6A. W, G. | T. B. W, P, solid copper............ 2 110 volts
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According to Order 1231—D, this pole will be required to com-
ply with Grade C, and the transverse loading due to the wires
will be computed as follows, the values of “Force per foot’’
being taken from column C of Table 36:

Span Force in Number Height above Bending
length pounds of ground moment
in feet per foot wires in feet (pound-feet)

756.33 X bHBT X 6 X 60.33 — 15960

75.33 X 58T X 6 X 58.33 = 15420

75.33 X .b87 X 6 X 56.33 i 14900

75.33 X 734 X 4 X 54.83 = 11980
75.33 X 7134 X 4 X 52.33 == 11520
75.33 X 734 XK 6 X 50.83 = 16620
75.33 X .68 X 2 X 48.33 = 4950
75.33 X .88 K 4 X 44,33 = 11720
75.33 X BT X 1 X 44.33 = 1960
75.33 X .b8T X 2 X 42.33 = 3740

M. = 108770

Assume pole to be used will be one havin :

i g an allowable fiber stress
of 2,600 pounds per square inch. A pole of 57 inches ground-line eir-
t‘:umferenc? will have a resisting moment of 122000 pound-feet. The
tﬁ%:ssix;zeequu'e a minimum top diameter of 6 inches, and for a pole of

6+ 514
My=%X (§ X 8) X — X 62°=10300 pound-feet,
2% 12

M =M, + M. =10300 - 108800 = 119100 pound feet.

(2) Suppose it is desired to determine whether or not the pole
used eomplies with the orders, under the following conditions:
; J:djacent spans 124.2 feet and 139.1 feet; average span 131.65

eet.

Height of pole above ground, 43 feet.
. Western red cedar pole, of 10 inches top diameter, and 60
inches ground-line circumference,

Line erossing over railroad and carrying the following load :

eright )
ua bgl:;l S(l)ze Number Voltghga
f . : of (or othe

ﬂo&lﬁ}% Wire Kind of Wire Wires clags) g
45.5 14 in. B;IFE Str. ateel 1
ggé; gggg i W. G. | T. B. W. P. Str. copper. 3 ﬂmﬁgg volts
ot . W.G. | T. B. W. P. 8tr. copper, 2 13,000 volts
.07 00 A WG| T B WoB Bt eopper. Lo 4 13,000 volts
3217 9k W6 | IO W BBl moppee ey 3 830 vola
7| 10 & W, G | Bare ol soppm.oermerrres R ke

11
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Acecording to Order 1233—a, this pole will be required to com-
ply with Grade A, and the transverse loading due to the wires
will be computed as follows, the value of ‘‘Foree per foot’’ being
taken from column A of Table 36:

; Force in Number Height above Bending
lgfg& pounds of _ground moment
in feet per foot wires in feet (poul;cé—of;et)
131.65 s 1.25 X 1 X 45.6 =
131.65 X 1.78 X 3 X 4217 = 29600
131.66 s 1.78 X 2 X 39.67 = 18600
131.65 X 1.78 X 4 X 37.17 = 34800
131.65 X 1.32 X 1 X 32.17 = 5600
131.65 X 1.44 X 3 s 32.17 = 18300
131.65 X 1.10 X 2 X 28.17 = 8100

M. = - 122500

i o 361]4
Mp=%><(3—>< g)X iz X 43" — 13400
M=M,+ M. = 135900

By Table 37, the resisting moment for a ground-line eircumfer-
ence of 60 inches at a fiber stress of 2500 pounds per square inch
is 142500 pound-feet. Since this is greater than M, this pole is
strong enough to ecomply with the orders.

(3) Suppose it is desired to determine whether or not the p})le
and side guys used comply with the orders, under the following
conditions:

. Adjacent spans 104 feet 6 inches and 115 feet 6 inches ; average
span, 110 feet.

Height of pole above ground, 52 feet.

Chestnut pole of 8 inches top diameter, and 60 inches ground-
line eircumference. i

Signal line crossing over railroad and carrying the following
wire load :

gi%-irl:: Size Number Voltage
above of ol (or_other
ground Wire Kind of Wire Wires olass)
in feet
51 8 B. W. G. | Bare copper 8 Signal
49 12N.B. B8 Bare capper 3 10 gggna;
47 12N.B. 8 Bare copper. ........ 10 S;gnn]
45 12N.B. 8§ Bare copper 10 s!gna]
43 12 N. B. 8 Bare copper 5 ignal
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Aceording to Order 1235—a, this pole will be required to com-
ply with Grade D, and the transverse loading due to the wires
will be computed as follows: the values of ‘‘Foree per foot’’ be-
ing taken from column D of Table 36:

Span Force in Number Height above Bending
length pounds of ground moment
in feet per foot wires in feet (pound-feet)

110 X ST X 8 X 51 = 34900

110 X .736 X 10 > 49 = 39700

110 X 736 X 10 it 47 = 38100

110 X 736 X 10 X 45 = 36500

110 X 736 X b X 43 = 17400

M. = 166600
60
8+ ——
3.14
p—=EX 88X ——— X 52 = 12200
2 X 12

Since N is greater than 15, M=—M, -} 24 M, = 12200 -
111065 = 123265 pound-feet, if side guys are used, or twice this
value, that is, 246530 pound-feet, if side guys are not used.

By Table 37, the resisting moment for a ground-line eircum-
ference of 60 inches and a fiber stress of 2500 pounds per square
ineh is 142500 pound-feet. Since this is less than the value of M
to be used without side guys, the guys will be required, and they
will be required to take the entire horizontal load.

By reference to Table 37 it will be seen that a pole slightly
larger than 72 inches in ground-line eircumference will be re-
quired if guys can not be installed.

Assume that guys are installed having a lead one-third of the
height of attachment to the pole, or a lead of 15 feet with a height
of attachment of 45 feet.

The force necessary at a height of 45 feet to produce—or to
counteract—a bending moment of 123265 pound-feet atthe ground

line is 1_23265'=274O pounds, and the equivalent forece acting
45 '

) ) . N V/ 182 -1 45°

in the direction of the guy will be —F ® 2740 = 8660

pounds. A guy will therefore be required having a tensile
strength at least equal to 2 X 8660 = 17320 pounds.

4, Suppose it is desired to determine whether or not the pole
used eomplies with the orders, under the following conditions:
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Adjacent spans 104 feet and 92 feet; average span, 98 feet.

Height of pole above ground, 48 feet.

Chestnut pole, of 9 inches top diameter, and 5814 inches
ground-line circumference. ] i
Joint supply and s‘gnal line and carrying the following wire

load:
HE i Number Voltage
(:fbgltx: S:)zfe of {or other
ground Wire Kind of Wire Wires . class)
in feet
A.W.G. | T.B, W. P. Sol. copper 6 6.0 amp.
g gA. W. G. | T. B. W. P. fol. copper.... ] ﬁﬁSSbﬂp' %
43 pooo A. W. G. | T, B. W. P. Sol. copper.,.. 3 2,300 vu]ts
43 00 A. W. G. | T. B. W. P. Hol. copper.... 3 2, 2 volts
41 2A. W. G.|T. B. W, P, Hol. copper.... & 2,30 ‘CDILE
29 2A.W.G. | T. B. W. P. Sol. copper.... 3 230 volts
30 6 A W.G. | T.B. W. P. 8ol. copper.... 2 Tﬁl.ﬁha.mp.
35 12 N. B. 5. | Barccopper. .ovvvevieiransiainnianns 10 Telephmle;
33 12 N B, 8. | Barc copper. .. ..oevusqpronionasassss 8 ‘clephone

According to Order 1234—c, this pole will be required to com-
ply with grade C, and the transverse loading due to the wires v.vill
be computed as follows, the values of ‘‘Foree per foot’’ being
taken from column C of Table 36:

Height y
Span* Force Number above Bending

length in 1bs. of ground moment in

in feet per foot wires in feet pound-feet
98 X .BBT X 6 X 47 = 16250
98 X .b87 X 6 X 45 = 15560
98 X 134 X 3 X 43 = 9280
98 X .68 X 3 X 43 = 8600
98 XK 96 X 6 s 41 = 23100
98 X .96 X 3 X 39 = 11000
98 X .b8T X 2 XK 39 = 4490
% X 98 X 491 X 10 X 3b - 8410
15 s 98 X 491 X 8 X 33 = 6350
M. = 103030
MDZ%X(EXS}XWX482 = 7070
M=M.+ M = 110100

By Table 37 the resisting moment for a ground-line eircum-
ference of 5814 inches and a fiber stress of 2500 pounds per
square inch is 132,000 pound-feet (by interpolation between 58
and'59 inches). Since this is greater than M, this pole is strong
enough.

* Regarding the last two lines see also Order 1272-d.
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3. ILLUSTRATION OF ALLOWABLE NUMBER OF WIRES ON A
GIVEN POLE, AND ON A POLE SUPPORTED BY
A GIVEN SIDE GUY

(a) Asswmplions on which Tubles 38, 39 and 40 are based.
In Table 38 it is assumed (1) that all wire positions are filled
and that crossarms are 2 feet apart; (2) that poles are set 5.5
feet in the ground; (3) that 6 pin crossarms are used unless
otherwise stated; (4) that the placing of wires is begun at the
top arm (wires 6 inches below the top of poles) and continues
to lower crossarms until limited by strength of pole or clearance
of wires above ground to a minimum of 19 feet at the support.
This is agsumed to be the minimum allowable clearance at the
support if 18 feet clearance is to be maintained at the center of
the span (see Table 3). IFrequently a less number of crossarms
ig necessary where larger sags make the difference in elevation
between the support and the center of span greater than 1 foot.
(See Sag Tables 15, 16,17, 24, 25, 26, and 27, Appendix A.)

In Tables 39 and 40 it is agsumed (1) that the guys carry their
loads with a factor of safety of 2; (2) that they are installed with
a lead of 1 to 3; (B) that they are attached at the center of the
load, this making it unnecessary to take into account the height
of the pole. The wind pressure on the pole itself has not been
taken into account in these tables. This will be equivalent to
that on one or more wires, depending on size and height of pole,
and should be deducted in each ecase.

(b) Use of Table 38, The maximum number of wires which
can be carried in compliance with these rules by sound chestnut,
western red cedar, cypress and southern pine poles of different
ground-line circumferences and different spans for a 85 foot
pole, is given in Table 38, according to the hazards involved (A,
B, or C).

The table may also be used for poles of greater height by using
the ground-line circumference, but reducing the allowable num-
ber of wires, in proportion to the inerease in elevation of the
point of application of the load.

A taper of 2 inches per 5 linear feet is assumed in Table 38,
but is used only for caleulating the bending moment due to the
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wind pressure on the pole itself; the pole strength is based en-
tirely upon the ground-line circumference, agsuming this to be
the most stressed section.

TABLE 38 ALLOWABLE NUMBER OF NO. 4 SOLID COPPER T, B. W. F
WIRES TO BE CARRIED BY 35 FOOT SOUND CHESTNUT, WEST-
BRN RED CEDAR, SOUTHERN PINE, AND CYPRESS POLES
HAVING GROUND-LINE CIRCUMFERENCES OF TROM 32
TO 48 INCHES AND UNDER VARIOUS HAZARDS (A,

B, OR C). (See foregoing explanatory note.)

Hazard Span in Number of wires to be carried by pole having
Feet, ground-line cireumference of
32in. |34 in. | 36 in. [ 38 in. | 40in. [ 42 in. | 44 in. | 46 in. | 48 ‘n,
100 * 6 7 8 10 11 13 16 18
A 125 * 4 5 i} 8 9 10 12 14
150 * 4 4 5 6 7 9 10 12
200 ® 3 3 4 5 5 i} 7 9
100 #7 9 11 13 16 18 22 26 30
B 125 #§ 7 9 10 12 14 17 20 23
150 *3 6 7 8 10 12 14 16 19
200 *4 4 b 6 T. 9 10 12 14
100 12 14 17 21 25 31 36 | *40 | *H48
C 125 9 11 1 16 20 23 28 33 36
150 8 9 11 13 16 19 22 28 31
200 6 T 8 10 12 14 16 18 22

(¢) Use of Tables 39 and 40. The maximum number of wires
which can be carried, in compliance with these orders, by poles
supported by side guys of various strengths with various values
of average span is given in Table 39 for supply lines (or for gig-
nal lines of grades A, B, and C), and in Table 40 for signal lines
of grades D and E,

TARLT 39— ALLOWABLE NUMBER OF NO. 4 SOLID COPPER T. B. W. P.
WIRES TO BE CARRIED ON POLES SUPPORTED BY SIDE GUYS

OF VARIOUS STRENGTHS UNDER VARIOUS CONDITIONS OF
HAZARD (A, B, OR C).. (See foregoing explanatory note.)

Number of the designated wires allowed with specified
numbers and strengths of side guys,
Hazard Span in e ——
Feet 1-10000
1-4000 | 1-6000 | 1-10000 | 1-16000 | 2-10000 1b 2-16700
Ib. 1b. Ib. 1b, Ib 1-}}?000 Ib.
75 6 9 15 24 31 40 49
A 100 5 i 11 18 23 30 37
126 4 6 ] 15 18 24 29
150 3 5 8 12 15 20 24
75 9 14 23 37 46 60 73
B 100 7 10 17 27 34 45 55
125 6 8 14 22 27 36 44
150 5 7 11 18 23 30 37
75 14 21 34 it} 69 L
C 100 10 15 26 41 52 67 83
125 8 12 21 33 41 54 66
150 7 10 17 28 34 45 55

*For Grade A 35-foot poles can not be used with so small a ground-line
fizll;cum]:t)‘erencc, since pole top would be less than 7 inches. (See Order

4—D.)

**These numbers of wires will require 8 pin crossarms,
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TABLE 40—ALLOWABLE NUMEBER OF NO. 8§ (B. W. G.) BARE IRON
WIRES TO BE CARRIED ON POLES SUPPORTED BY SIDE GUYS
OF VARIOUS STRENGTHS TUNDER VARIOUS CONDITION OF
HAZARD (D OR E). (See foregoing explanatory note.)

Number of thte) desigl&ated wires allowed with specified
S ik numbers and strengths ol side guys.
Teet 1-10000
1-4000 | 1-6000 | 1-10000| 1-16000| 2-10000 Ib. | 2-16000
b, 1b. b, Ib. Ib, 1-16000 Ib,
ib.
75 16 24 41 iti} -1 S R N
D 100 18 31 49 61 70T 08
lgﬁ 7 10 24 ¢ 39 40 63 78
150 b 8 20 33 41 53 [i%]
75 24 37 11 SN PSR ] Py [,
E 100 18 27 46 73 02 |
lga 10 22 37 59 73 95 |ewivawss
150 8 18 31 49 61 79 98

The blank spaces in the above tables indicate that more than
100 wires can be carried by the size and number of guys in gues-
tion under the indicated conditions of hazard, and span length,
Witl'zout exceeding one-half of the ultimate strength of the guys.
‘Where the number of wires carried by a pole exceeds 80, it is
good practice to install some of them in eable,

4. MINIMUM POLE SIZES AND RECOMMENDED DEPTH OF
SETTINGS

(a) Mingmum Pole Sizes. The dimensions of poles given in
Tables 41, 42, and 43 are those referred to in Orders 1244 ¢
and 1283—a, and are required under the conditions of loading
specified by those orders. The dimensions are given for chest-
nut, western white cedar, red cedar, western cedar, Idaho cedar,
and eastern or northern white cedar poles. Where other poles
than these are used the dimensions required for any giveﬁ grade
of construction should be taken the same as poles having an equal
ultimate fiber strength.
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TABLE 41—MINIMUM DIMENSIONS OF CHESTNUT POLES
Sizes specified in Orders 1244—e and 1283—a.

Lengta of Pole
in Feet,

Minim

wum Cireumference of Poles® i

For grade D,
with more than
40 signal wives

For grade D
with 21 to 40
signal wires
(order 1283a),
for grade K,
with more t.hp,n

TFor grade D, with

1ot more than 20

signal wires (order
12839.) and for

(order 1283a) 40 signal wires o B witn not
and for Grade A (order 1283a), mom than 40 sig-
ply lines and for grades nal wires order
(()I'gﬂl.' 1944&) B and C supply (12832)
| lines (order
I 12440)
Circumference Circumference Circumference
At 8 Tt l At 6 fh, I At 6 5.
At top from At top from At top from
butt butt ] butt
In, In. In. In. In. In.
241 33 22 30 20 - 27
24 36 22 33 20 30
24 40 22 36 30 33
2 43 22 40 20 36
24 45 22 43 20 40
2 8 22 47 20 43
i 51 22 50 20 45
22 54 22 53 20 fii)
22 57 22 5641 oadhan st b keaaws
22 60 22 71 AL Y- el m i
22 63 22 62
22 66 22 65
22 70 22 69
22 73 22 72
22 76 22 - 75
s

*These pole dimensions correspond to specifications for Class A, B and C
poles, respectively, of the National Electric Light Association, Ame_r-xca,n‘
Teiephone and Talegraph Co., and Westem Union Ta]egra.ph Co.

il
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TABLE 42—MINIMUM DIMENSIONS OF WESTERN WHITE CEDAR,
RHED CEDAR, WESTERN CEDAR AND IDAHO CEDAR POLES

Sizes specified in Orders 1244—c and 1283—a.

Minimum Cireumference of Poles*

For grade D
o wﬂsh 21 o 40
For grade D, with
) For grade D, (ordar 12839.} not more than 20
Length of Pole with more thsn for grade E, signal wires (order
in Feet 40 signal wires with more tnan 1283a), and for
(order 1283a) signal wires grade T with not
or Grade A (order 1283a), more than 40 sig-
£ gply lines aud for grades nal wires order
(order 1244c) B and C supply 283a)
lines (ordet
1244e)
Cireumference Circumference Circumference
At 6 Tt At 6 ft. At 6 ft.
At top from At top from At top from
butt butt butt
In. In, In. In, In. In.
28 30 26 28 22 26
28 34 25 31 22 28
28 37 25 34 22 30
28 40 2% 36 22 32
28 43 25 38 22 34
28 - 45 25 40 22 36
28 47 25 42 22 38
28 49 25 44 22 40
28 52 25 46 22 41
28 54 25 48 22 43

*These pole dimensions correspond to specifications for Class A, B and C

Nat:ona,l Tlectric Light Association, American
Telephone and Telegraph Co., and Western Union Telegraph Co.

poles, respectively, of the




170 INDUSTRIAL COMMISSION OF WISCONSIN

TABLE 43— MINIMUM DIMENSIONS OF HASTERN OR NORTHERN

WHITE CEDAR POLES
Sizes specified in Orders 1244—c and 1283—a.

Length of Pole
in Feet

Minimum Circumference of Poles*

For grade D,
with more than
40 signal wires

(order 1283a)
and for Grade A

supply lines

For grade D
with 21 to 40
signal wires

(order 1283a),
for grade E,
with more than
40 signal wires
(order 1283a),
and for grades

Tor grade D, with
not more than 20
signal wirea (order
1283a), and for
grade E with not
more than 40 sig-
nal wires order

(order 1244c) B and C supply 1283a)
lines (order
12440)

Cireumference Circumfercnce Circumference

At B ft. At 6 6. At 6 [t

At top from At top from At top from

- butt butt butt
In. In. In. In. In. In. o
24 33 22 29 18.75 27
24 36 22 32 18.75 30
24 40 22 36 18.75 33
24 43 22 38 18.75 36
24 47 22 43 18.76 40
24 50 22 47 18.75 43
24 53 22 50 18.75 46
24 56 22 53 18.75 49
24 59 22 i1 RO W~ =S o o

*These pole dimensions correspond to specifications for Class A, B and C ‘
poles, respectively, of the National Electric Light Association,,Ame;}ica.n
Telephone and Telegraph Co., .and Western Union Telegraph Co.
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(b) Recommended Depth of Setting of Poles.

The values given in Table 44 are those recommended as the
depths to which poles should be set under ordinary straight-line
conditions in firm soil or rocks. On corners or angles or heavy
dead ends these values should be increased by at least 6 inches.
(See Orders 1217—d and 1283—a.)

TABLE 44—_RECOMMENDED DEPTH OF SETTING OF POLES,
ORDER 1288—A

Length of Pole in Feet Setting in Hoil Setting in Rock
Feet Feet
L) 3
5 3.5
5.5 3.5
6 4
] 4
6.5 4.5
7 4.5
1 5
7.5 5
8 6
8 6
8.5 ]
9 6.5

5. DEPRECIATION OF WOOD POLES

Where a pole is required to conform to a definite grade of
construction, A, B, or C, it must be maintained by being replaced
or Teinforeed in aeceordance with Order 1244—b. The maximum
allowable depreciation for grades A and B construetion is one-
third of the initial strength, and for grade C is one-half of the
initial strength. Table 45 gives the minimum depreeiated
ground-line circumference and maximum allowable radial de-
preciation for wood poles of initial ground-line circumference
from 24 to 75 inches, inclusive. These values are independent
of the material of the pole.

"Note: ' It is not advisable to use some kinds of poles without pre-

servative butt treatment.
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TABLHE 45—DEPRECIATION OF WOOD POLES

L Minimum depreciated Maximum allowable
Ground-line eireumference when ground-line circum- radial depreciation
installe ference for for
Grades Grades
Aand B Grade C Aand B Grade C
In, In, In. In, In,

O S, L R R e T 21.0 19,1 0.48 0.79
25_& ........................................... 21.8 14.9 .60 32
?b ........................................... 22.7 20.6 52 85
:&7 ........................................... 23.6 21.4 .54 89
DB s i aomsabimmbsim s v b s A e 245 22.2 .56 92
?9 ........................................... 25.3 23.0 .58 95
B0 v e dnSsnenima e R e s SR 26.2 23.8 .60 .99
Bl o T T Y e e e R 27.1 24.6 .62 1.02
B s R R R S s R T e i 28.0 25.4 64 1.05
e e L T P e 28.8 26.2 66 1.08
T T S, R ..\ O 1) N 20.7 27,0 68 1.12
BB 30.6 27.8 70 1,15
1 S Rt R S D 31.5 28.6 72 1.18
Bl vmsitlioimn svemn o wt s v maba e sy s 32.3 29.4 4 1.21
e (R S S S 33.2 30.2 76 1.25
11 T S T R Y e S e Lt S 34.1 31.0 8 1.28
34.9 31.8 81 1.31
35.8 32.6 82 1.34
36.7 33.3 85 1.38
37.6 34.1 87 1.41
38.4 34.9 88 1.44
39.3 35.7 91 1.48
40.2 . 38.5 92 1.51
41.1 31.3 95 1.5¢
41.9 38.1 97 1.58
42.8 38.9 .09 1.61
43.7 30.7 1.01 1.64
44.6 40.5 1.03 1.647
45.4 41.3 1.05 1.71
46.3 42.1 1.07 1.7¢
47.2 42.9 1.09 1.77
48.1 a3.7 1.11 1.80
48.9 44.5 1.13 1.84
40.8 45.3 1.15 1.87
50.7 46.0 1.17 1.90
51,5 146.8 1.19 1.94
52.4 47.6 1.21 1.97
53.3 48.4 1.23 2.00
54.2 49.2 1.25 2.03
55.0 50.0 1.27 2.07
55.9 50.8 1.29 2.10
b6.8 51,0 1.31 2.13
57.7 52.4 1.33 2.17
58.5 53.2 1.35 2.20
59,4 54,0 1.37 2.23
60.3 54.8 1.39 2.26
61.2 656.6 1.41 2,30
62.0 56.4 1.43 2.23
62.9 57.2 1.45 2.36
63.8 58.0 1.47 2,40
64.7 58.7 1.49 2.43
65.5 59.5 1.51 2.46

ELECTRICAL CODE—APPENDICES PART 3 173

PART 3

‘Electrical Utilization Equipment

Section 130. Scope of Orders. Page

Order 1300. Equipment Accessible to Other than Qua]lﬁed
Persons _._... sl . 176

Order 1301. Equlpment Accesmble to Qua]lﬁed Persons Only 176.
Section 131. General Protective Arrangements.
Order 1310. Guarding Live Parts.. L 177

Order 1311, Working Space about Electrlcal Equlpment. ... 178
Order 1812. Where Explosives and Inflammables Exist......... 179
Order 1313,  Grounding .. i oocoeommmeeeesssscessen e e . 179
Order 1314. Identification : 181
Section 132. ‘Service Entrance—Including Switch, Fuses, Meter.
Character of Service and Protective Devices.
Order 1320, ServiCes ....ocecceoeoorssmmomeasmcesaaesmsassenaneeass S e et 181
Order 1321. Construction Requirements for Overhead Serviee
T T TR U OO e PPt S S 182
Order 1322. Construction Requirements for Underground
Service Wires ....... .. 182
Order 1323. Connection to Street Serles C1rcu1ts and TroIley
L AL 73 11T OSSP OU S S stidthe

Order 1324. - Switches, Fuses, and Circuit-Breakers....
© Order 1325. ‘Services of 750-2500 volts..
Section 183. Conduit, Metal Surface Raceways, Armored Cable

Order 1330. Installation of Conduit. .. oo 184
Order 1331,  Capacity of Conduits. .l s 186
Order 1332. Installatlon of Armored Cables and Flexible Con-

Py DL et A s ol NI s e AT I PO o R B 189
Order 1333. Installation of Surface Metal Raceways.............. 189
Order 1334. Wooden Raceways ..o 191

Se::hon 134. Installation and Protection of Wires for Lighting

and Power Service Below 750 Volts.

- Order 1840, General ... : ..o 191
Order 1341. Carrying Capacmes of eres and Slzes of Wn-es
Required ... A bl e Lty A S0 -0 R i !

Order 1342. Wiring in Conduit Raceways and Armored Cable 197
Order 1343. Open Wiring and Co‘ncea]ed Knob and Tube Work 198

Order 1344. Insulation Requlren'hlents for Wiring.....oocveeceeeeecees 202
Order 1345. Wiring of Car Houses and Car Storage Yards.... 203
Order 1346. - Use of Portables and Pendants........coeccoreeaes 206

“'Section 135, -Switches, Fuses, Circuit-Breakers, Cabinets, Switch-

boards, Contrnllers, Tlansfmmers, Motors, Generators,
- Cranes.
Order 1350. General Requirements for Switches ... 207




e \ RT 3 176
174 INDUSTRIAL COMMISSION OF WISCONSIN | ELECTRICAL CODE—APPENDICES PA
P Page
age W . 250
Order 1351. General Requirements for Fuses and Circuit ‘ Order 1394. Requirements for Radio Receiving Stathlston]y o592
Bicalasss - 919 ‘l Order 1395. Requirements for Radio Transmitting Stations aa
Order 1352. Capacity "of Fhzesiand Chvewit-Braalers ... 215 Appendix C—Size of Condultbl 956
Order 1353. Cutout Boxes and Cabinets.............oooooooooooo. 217 | Append{x D—Motor Wiring Ta T;Cde 264
Order 1354. Switchboards and Panelboards 218 Appendix E—Extracts from Building Ot 263
Order 1355. Controllers ... ... 219 Appendix F—Dry Cleaning Establishments....... Gode T 69
Order 1356. Transfgrmers _____________________ .. 220 A];IDEIldiX G—Extracts from Industrial nghtlng QO soemzrsnar 270
Order 1357. Motors and Generators.. ... 220 Appendix H—Extracts from School Lighting Code.... E tm
" Order 1358. Crames ... oo 299 Appendix I—Extracts from General Orders on Existing 971
tion 136. Lighting Fixt d Appli Including Si O BUEIAANES oo eeereeenae e e
Regon and Ouigiinénﬁigﬁznges R SEOITER, TS PR Appendix J—Extracts from General Orders on Safety in Con- -
Order 1360. Fixtures ... 227 ‘ SEPUCHION e S iy———
Order 1361. Gas-Filled Incandescent Lamps........................... 232 ‘ Appendix K—Extracts from General Orders on Existing Bull(_l__ 979
Order 1362. Mercury Vapor Lamps................._.. 232 \ L R e e e
Order 1363. Arc Lamps and Constant-Current Serles Lamps 233
Order 1364. Decorative Lighting ...~ " 284 [
Order 1365. Outline Lighting ... 5 on 288
~ Order 1366. Signs ... . 285
Order 1367. Heating Devices ... . 236
Order 1368. Electric Furnaces and Welders ................................ 236
Section 187. Theaters, Motion Picture Houses, Picture Machlnes
Order 1370. Special Requirements ... ... 937 l
Order 1371. Service s R S S B 237
Order 1372. Fusing and Control of Exit Lights......_....._.__. 238

Order 1373. Dressing Room Lamps
Order 1374. Switehboards ... \
Order 1375. Stage Wiring ... st

Order 1376. Curtain Motors and Ventllatmg Flues :
Order 1377. Portable Equipment ‘

Order 1378. Picture Machine Equlpment and Booths——Theater (

Type ... . 241 ‘
Order 1379. Plcture Machme Equ:pments—-Mmlature Port- |
able Type ... : o N 1 -0 242 [

Section 138. Public Garages.

" Order 1380. Special Reqmrements
Order 1381. Wiring . .................
Order 1382. Portables ..
Order 1383. Location of Equipment.. .. 244
Order 1384. Specla] Precautions ... . 244 ‘

Sectlon 139 S}gnal l?qulpment Connected to S1gnal Lmes and

Radio Slgnallmg Apparatus - S
Order 1390. Scope of Orders... . s o 1
. Order 1391. Requlrements for Wu'es and Cables supported on

and entering 'Buildings, Protectors, and Intermr ermg
) of Signal Equipment....... ... "~ 244

" Order 1392. Other Protective Requirements for Equlpment
‘connected to Slgnal Circuits exposed to Supply Lines or
Lightning ... 248

 Order 1393. ermg of Radm Slgnallmg Apparatus ........... e 250

. 243
243

o438 '




176 INDUSTRIAL COMMISSION OF WISCONSIN

PART 3

Electrical Utilization Equipment
SECTION 130. SCOPE OF ORDERS

Order 1300. Equipment Accessible to Other Than Qualified
Persons.

The following orders, Sections 130-139, inclusive, apply to
_all clectrical utilization equipment, operating at voltages above
25 volts, except where other voltage limitations are given, where
accessible to other than qualified electrical operators, as in mills,
factories, mercantile establishments, hotels, theaters, and other
public buildings, apartment houses, residences, ete.

Exception: Signal equipment connected to signal lines and radio

signaling apparatus is exempted, except from Section 189. ‘
Note: (a) In all wiring special attention should be paid to the

mechanical execution of .the work, Careful and neat running, con--

necting, soldering, taping of conductors, and securing and attaching of
fittings, are especially conducive to security and efficiency, and are
strongly advised.

(b) In laying out an installation, except for constant-current sys-
tems, every reasonable effort should be made to secure distribution
centers located in easily accessible places, at which points fuses, circuit
breakers, and switches controlling the several branch circuits can be
grouped for convenience and safety of operation. The load should be
divided as evenly as possible among the branches, and all complicated
and unnecessary wiring avoided.

(c) The use of wire-ways for rendering concealed wiring perma-
nently accessible is recommended; and this method of accessible con-
cealed construction is advised for general use.

Architects are urged when drawing plans and specifications to make
provision for the channeling and pocketing of buildings for electric
light or power wires and also for telephones, district messenger and
other signaling system wiring,

Order 1301. Equipment Accessible to Qualified Persons Only,

Electrical utilization equipment, however, as well as generating
equipment, if inclosed in a separate room or similar inclosed area
which is in charge of a qualified person and which is accessible
only to such persons, may be installed in conformity with the or-
ders applying to Electrical Supply Stations (Part 1) and in that
case does not come under these orders, (See also Order 1101,
Seetion 110, Part 1.)
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SECTION 131. GENERAL PROTECTIVE ARRANGEMENTS

Order 1310, Guarding Live Parts.

(a) Equipment, :

(1) All ungrounded eurrent-carrying parts of equipment op-
erating at voltages higher than 100 volts to ground, shall be suit-
ably guarded, if elevated less than 8 feet above floor or platform,
or if exposed to contact above that level. (For signs see

Order 1366—e-2.)

Exception: In locations where there are no exposed grounded sur-
faces within reach of persons when touching the parts under considera-
tion and where none of the conditions listed as hazardous in Order 1312
exist, such parts operating at voltage less than 150 volts to ground are
exempted from this order.

Note: See Orders 1100-1199 and Order 1354—a-1 for equipment
located in inclosure accessible to qualified persons only.

(2) Where guards must at times be opened, thereby expos-
ing live parts, they shall be of insulating material or so arranged
that they eannot readily make contact with live parts while be-
ing removed.

(3) Where persons must at times enter inclosures while parts
are alive, the guards shall be of insulating material unless re-
moved 4 feet horizontally from all live parts.

(4) Under the conditions of (2) and (3) above, insulating
mats or platforms shall be provided in loeations having grounded
floors,

(5) Such guards in locations subjeet to moisture shall be of the
weather-proof type.

(6) Sueh guards in locations sub,]ect to corrosive vapors shall
be constructed of materials and in suech manner that they w111
resist corrosion under the partieular conditions.

Note: Switches and fuses, except on switchboards, must be inclosed
at any elevation. (See also orders 1850—h and 1351—d.)

(b) Conductors. (For wires in Elevator Shafts see Elevator
Code Order 420.) (See also Order 1357—e.)

(1) All exposed eonductors, not included in (2), (8) and (4)
below, when brought closer to floor or platform than 8 feet, or
when exposed to mechanical injury above that level, shall be
guarded by inclosure in conduit, armored cable or surface metal
raceways. (See also Section 133.)

Exception: (1) At small platforms erected subsequent to the instal-

lation of the wiring or where metallic conduit, armored cable or metal

raceways are subject to rapid deterioration from excessive dampness
12
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or other causes, open wiring may be inclosed by substantial wooden
boxing, with an air space of one inch around the wires. Where boxing
is used on vertical wires for part of the distance only, top of boxing
shall be closed, and wires shall pass through holes bushed with
approved non-absorptive, non-combustible insulating material.

(2) Trolley conductors and lightning arrester ground conductors are

exempted from this order.

(2) All conductors in schools, theaters, assembly halls, hotels,
hospitals and public garages shall be guarded by inclosure in
rigid or flexible conduit, armored cable or surface metal raceways.
(See also Order 1357—i-2 and Section 133.

Exception: Wiring for lighting purposes, except lightning arrester
ground conductors, in schools and assembly halls of frame construc-
tion, may be of concealed knob and tube construction.

Note: (1) The Building Code defines assembly halls as including all
buildings or parts of buildings not included under theaters where 100
or more persons assemble for entertainment, instruction, worship or

dining purposes.

(2) A public garage is defined by the Code to include every building
which accommodates more than two motor-driven vehicles.

(3) Conductors operating at voltages higher than 300 volts
to ground shall be guarded by inclosure in conduit, in all build-
ings and at all elevations. (See also Order 1357—i.)

(4) Bus-bars and other open bare ungrounded conductors
operating at voltages higher than 100 volts to ground, whieh are
elevated less than 8 feet above floor or platform, ghall be inclosed
by suitable guards. (See also Order 1310—a-1 and Order
1358—Db.)

(¢) Separation and Barriers.

Bare parts at different potentials shall be effectively separated.
Such parts in eircuits of large capacity or which are operated at
more than 300 volts shall, unless provided with the inclosure or
other guard specified in (a) above, be provided with suitable
barriers, if otherwise they would be liable to be short-cireuited by
tools or other conduneting objeets.

Order 1311, Working Space About Electrical Equipment.

(a) General. Suitable working space shall be provided and
maintained about all electrical utilization equipment.

(b) Minimum Dimensions. The working spaces shall have
minimum horizontal dimensions as follows:

(1) Equipment, operating above 150 volts to ground if on one
side of working space, and no live or grounded parts on the
other, 2.5 feet ; if on both sides. 4 feet.

e e G
|
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: (2) ‘Equipment, operating below 150 volts to ground, if on one
side of working space and no live or grounded parts on,the other.
1.5 feet; if on both sides, 2.5 feet. ! ,

(e) Working Space Used as Passageway.

Electrical utilization equipment shall not be placed adjacent
to passageways or aisles, unless sufficiently removed therefrom
th.&t the above minimum working space dimensions may be main-
tained without encroaching on the passageway or aisles,

Order 1312, Where Explosives and Inflammables Exist. (See
Appendix F.)

I'n locations where explosives, inflammable gas, or inflammable

flyings normally exist in dangerous quantities, there shall be no
e_xpose.d live parts. For enclosing live parts one or more of the
folloWlng methods of protection shall be employed as may be
required: (See also Order 1346-—i.)
. (1) When equipment is near inflammable material or when
mﬂammable dust or flyings are present, casings of the inclosed
type shall be used. All lamps shall be equipped with a vapor-
t%ght glo’pe. and portable lamps with a substantial guard in addi-
tion. Wiring shall be in conduit, armored cable, or surface metal
raceways.

(2) When equipment is located where explosive or inflam-
‘ma‘ble vapors or gases exist in dangerous quantities,” casings of
the explosion-proof type shall be used; sockets and incandescent
lamps_shall be inclosed in vapor-tight globes, rigidly éuppor.ted
an'd Wnl"e.d with rubber-covered wire soldered directly to the cir-
cuit. Wiring shall be in rigid metal conduit and all fittings and
:outlets shall be electrically and mechanically continnous W;th the

:conduit and the conduit and fittings shall be sealed by effective

means to prevent entrance of gases. Portable lamps shall not be
used. (See also Order 1360—b-4.) -

3 O,fder '.1313; Grounding:;

* Grounding in accordance with methods set forth in Section 103

of Introductory Part is required for electrieal utilization installa-

tions as follows:

~ (a) Direct-Current Systea-ns.

- (1) Three-wire direct-current systems operating at voifaées

less than 300 volts to ground shall always be grounded.
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(2) Two-wire direct-current systems operating at voltages 1es_s
than 800 volts to ground shall be grounded when the system 1s
exposed to crosses from high-voltage lines.

(b) Alternating-Current Systems. (See diagram on page
308.)

(1) All secondary distribution systems operating at voltages
less than 300 volts to ground shall be grounded.

Exception: Electrical furnace circuits are exempted from grounding
" requirements.

(2) Secondary distribution systems supplying lighting service
shall be grounded at each service entrance. (See also Order
1081—bh.) -

(3) Secondary distribution systems supplying power service
shall be grounded at the service entrance when the grounded con-
ductor is extended to the service entrance and is necessary to
supply service to the customer. (See also Order 1031—Db.)

(4) Electrical utilities shall not make service connection frm?l

_ such systems to electrical utilization equipment unless‘the provi-
sions of (1), (2) and (8) above have been complied with.

(¢) Noncurrent-Corrying Metal Parts.

All exposed noncurrent-carrying metal parts of equipment
operating at voltages above 100 volts to ground shall he bon_ded
together and permanently and effectively grounded. (For signs
see Order 1366—c-3.)

Exceptions: Grounding is not required for the following equipment:
(1) All equipment in locations where there are no exposed grounded
surfaces within the reach of persons when touching the parts under
consideration (normally elevated less than eight feet above the floor or
distant less than five feet horizontally) and where none of the condi-
tions listed as hazardous in Order 1812 exist, and provided the voltage
at which the equipment operates is less than 150 volts to grot}nd. e
(2) All equipment accessible only to qualified persons, provided it is
effectively insulated from ground, provided insulating mats, platforms
or floors are present, on which qualified persons may stand, and pro-
vided there are no exposed grounded surfaces within reach of sa}d
qualified persons, at such times as said qualified persons may be in
contaet with any live part. :
(8) Cases of toy and bell-ringing transformers, cases of meters oper-
ating at less than 750 volts to ground, portable lamps and household
appliances such as toasters, percolators, vacuum cleaners, etc., cas:es
of transformers used exclusively to supply current to switchboard in-
struments installed and guarded in all respects as required forl the
higher voltage to which they are connected and name plates on switch-
boards and other apparatus.
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Note: (1) This order inecludes all such parts as frames of motors,
cranes, cars, and switchboards, cases of transformers and switches,
conduits, external metal parts of lighting fixtures, ete.

(2) The permanent grounding of frames of portable devices (espe-
cially in connection with voltages above 100 to ground, when the de-
vices are used within 8 feet of the floor in locations such as bathrooms,
laundries, ete., where persons may easily touch grounded surfaces at
the same time as the device) may be obtained by the use of a three-
wire portahle cord with the portable device, one wire being used for
the ground conductor and the connectors being properly . designed so
that wrong connections ecannot be made by the user of the device.

(8) Where such grounding is difficult, as with lighting fixtures con-
nected to knob-and-tube wiring, apparatus having external parts com-

posed of non-absorbent, non-combustible insulating material is sug-
gested.

Order 1314. Identification.

(a) General.

All electrical utilization equipment shall be suitably marked
to indicate the voltage, capacity, intended use and other essen-
tials for safe operation.

(b) Polarity. Identification of Terminals.

Unless sufficiently identified by position, the terminals of fix-
tures, lamp sockets and receptacles, plug receptacles and other
outlet deviees to which identified grounded conductors are to be
attached, shall be composed of or plated with a white metal or

alloy, such as zine, nickel, silver, ete. (See also Orders 1340 and
1360—b-2.)

SECTION 132. SERVICE ENTRANCE—INCLUDING SWITCH,
FUSES, METER. CHARACTER OF SERVICE AND
PROTECTIVE DEVICES

Order 1320. Services. (For Theater Services see Order 1371.)
Hach building shall have a separate service.
Exception: When this is impossible or impracticable, or in the case

of buildings of private plants not on opposite sides of a highway they
may be interconnected with yard wires.

Note: Industrial Lighting Code also calls for two services for fac-

‘tories, mills, offices and other work places. School Lighting Code makes

similar requirement for school buildings of more than one story here-
after constructed. (See Appendices G and H.)
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Order 1321. Construction Requirements for Overhead Service
Wires.

(a) Overhead Wires.

(1) Service wires shall be so placed that moisture eannot form
a eross connection between them. ;

(2) Service wires shall be kept clear of awnings, branches of
trees, or other objects. : ‘

(3) Where serviee wires are attached to buildl_ng they shall
be supported by insulators of proper type for outside use.

Note: Where extra high voltage service wires (above 25600 volts)
enter a building, the orders for Stations (Part I) and Lines (Part 1I)
shall be complied with. (See also order 1325.)

(h) Entrance Wires.

(1) Service wires, operating at less than 750 volts, shall be
enclosed in continuous rigid metal conduit, from the first support
on the outside of the building to the main switeh and fuses, and
shall be run on the exterior of the wall to a point as close as prac-
+ticable to the service switeh required by Order 1324, except that
the serviee conduit may be imbedded in tile, brick, conerete,
masonry and similar non-inflammahle materials.

Exception: Where service can be brought directly into the ba_ck.of
‘the main serviee cabinet, porcelain tubes slanting upward to the ingide
may be used. { |

(2) Conduit fittings equipped with non-combustible, non-
absorptive insulating covers, with separate hole for eaeh.wme,.
slanting upward to the inside, shall be provided at the point of
entrance of service wires. :

(3) Entrance wires shall be so arranged as to prevent the en-
trance of water to the building. ‘

(¢) Insulating Covering of Wires. Service wires, oper:atmg

at less than 750 volts, between the first support on the outside of
the building and the main serviee cabinet shall have a rubber _in—
sulating cover ; from the first support on the outside of _the bm‘ld-
ing to the supply line, they shall have a weather-proof insulating
covering, except when run in conduit. .

Order 1322. Construction Requirements for Underground
Service Wires.

(a) Protection of Service Wires. Underground Wir'es s]:}al_l be
insulated and protected against moisture and mechanical Injury
where brought into a building, and all combustible material shall
be kept from the immediate vicinity.
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(b) Sealing Service Tubes Aguinst Gas. Where an under-
ground service enters a building through tubes, the tubes shall
be tightly closed at ontlets with asphaltum or other nonconductor,
to prevent gases from entering the building through such chan-
nels. X

Note: Where extra high voltage service wires (above 2500 volts)

enter a building, the orders for Stations (Part I) shall be complied
with, (See also order 1325.)

Order 1323. Connection to Street Series Circuits and Trolley
Systems.

(a) Constant-Current Systems. Constant-current systems
shall not be run into buildings to supply utilization equipment.

(b) Trolley Systems. Trolley eircuits having a ground return
shall not be run into buildings to supply utilization equipment.

Exception: (1) Railway cars, car houses, passenger and freight
gtations connected with the operation of electric railway systems are
exempted from this order.

(2) Circuits for power equipment in buildings of so-called fireproof
construction, and for light and power equipment in isolated buildings

used in the operation of quarries and similar places are exempted from
this order,

Order 1324, Switches, Fuges and Circuit Breakers. (See also
Orders 1350 and 1351.) (See diagram on page 308.)

At a readily aceessible point of the basement or first floor and
as close as practicable to the point where service conduit enters
the building, there shall be installed a main switch to disconneet
all service eonductors and equipment and main fuses to protect
all ungrounded service conductors (see also Order 1321—b-1).

Exception: (1) The switch blade may be omitted in any grounded
conductor if other means is provided within the service cabinet for
disconnecting such conductors.

(2) Where the service switch, service fuses and meter are combined
in a self-contained device, or compact combination of such devices, hav-
ing no exposed wiring or live parts and having all other parts protected
by fuses, main fuses may be installed on the line side of service switch
and meters need not be protected by service switches and fuses.

(3) Yard wires of private plants supplying more than one building
not on opposite sides of the highway are not considered as service
wires, so that fuses would not be required in each building, if there are
other cut-outs, which afford proper protection, conveniently located on
the mains.

(4) Where not more than four meters are required for different
classes of service or separate customers in the same building, and
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these meters are located adjacent to each other, the requirement of a
main switeh will be waived if each service has its own switch and
fuses and may be disconnected independently of the other.

Order 1325. Services of TH0-2600 Volts. (See also Order
1357—i.)

(a) General. In addition to complying with the other orders of
this section in so far as they apply, service wires operating at
from T50-2500 volts shall ecomply with these additional require-
ments.

Note: Where extra high voltage service wires (abhove 2500 volts)
enter a building, the orders for Stations (Part I) shall be complied
with.

(b) Entrance Wires. High-potential serviee wires preferably
should enter the building underground, but in all cases the serv-
ice conduit shall pass direetly into the cabinet or enclosure con-
taining the main switch and auntomatic protective devices (fuses,
circuit-breakers, automatic oil break switches).

(e) 0dl Service Switch and Disconnecters.

(1) The service switch shall be of the oil-immersed type and
shall be so arranged that it ean be diseonnected from the supply
lines by means of disconnecters or diseconnecting pot-heads.

(2) If the service switch is of the automatic oil-immersed type
no fuses or circuit-breakers need be installed on load side of
switch.

SECTION 133. CONDUIT, METAL SURFACE RACEWAYS,
ARMORED CABLE

(For Open Wiring and Concealed Knob and Tube Work see
Order-1343.)

Order 1330. Installation of Conduit, ' (Rigid Metal Pipe.)
(See also Orders 1310—b, 1312 and 1342.)

(a) Minimum Size of Condutt. Conduit smaller than one-half
inch electrical trade size shall not be used.

(b) Continwity Reaming and Supporting of Conduit,

(1) Conduits shall be electrically and mechanically continuous
from outlet to outlet or to junection boxes, cut-out boxes or eabi-
nets.

(2) Conduits shall be reamed and properly coupled and se-
cured to all fittings and the entire system shall be mechanieally
secured in position,
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(e) Elbows and Bends in Conduit.

(1) All elbows or bends shall be so made that the conduit will
not be injured ; the radius of the eurve of the inner edge of any
elbow shall not be less than 314 inches.

(2) Interior conduit shall have not more than the equivalent
of four quarter bends from outlet to outlet.

(d) Drainage of Conduit in Damp Places.

Where there is probability of accumulation of water in conduit,
due to eondensation or other causes, the conduit shall be suitably
drained or wires and cables shall be lead sheathed or have other
covering designed to give equal or better protection.

(e) Completion of Work.

(1) Interior conduits shall be installed as a eomplete conduit
system before the conductors are drawn in.

(2) Wires shall not be drawn in until all construection on that
portion of the building has been completed.

(£) Conduit Fittings.

(1) All conduits shall be equipped at every outlet with an
approved outlet box, plate, or other suitable conduit fitting. Out-
let plates shall not be used where it is practicable to install outlet

boxes. The box or plate shall be covered by a proper cover or
fixture canopy. (See also Order 1346—1.)

(2) At exposed ends of conduit except at fixture outlets, where
wires pass from the conduit system without splice, joint or tap,
an approved fitting having separately bushed holes for each wire
shall be used. (See also Order 1343—1-2.).

(3) All unused outlet openings in junection and outlet boxes,
metal molding, conduit, ete., shall be effectively closed with metal
which will afford protection substantially equivalent to that of
the wall of the junetion or outlet box, ete.

(g) Placing Outlets for Concealed Work.

(1) For concealed work in walls and ceilings composed of
plaster on wooden joist or stud construetion, outlet boxes or
plates and also cabinets shall be so installed that the front edge

~ will not be more than 1/ inch back of the finished surface of the

plaster, and if this surface is broken or incomplete it shall be
repaired so that it will not show any gaps or open spaces around
the edges of the outlet box or plate or of the cabinet.
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(2) On wooden walls or ceilings outlet boxes or plates and
cabinets shall be so installed that the front edge will be flush with
the finished surface or project therefrom.

(3) Outlet boxes, junction boxes and plates shall be securely
supported.

(h) Protection of Wires at Outlets. Metal conduits where
they enter junetion boxes, outlet boxes or wherever else they may -
terminate, shall be provided with proper terminal fittings, bush-
ings or fastening plates fitted so as to proteet wire from abrasion,
except when such protection is obtained by the use of approved
nipples, properly fitted in boxes or devices, or by the junetion or
outlet boxes themselves.

(i) Accessibility of Cabinets and Junciion Boxes. Cabinets
and junction boxes shall always be installed in such a manner as
to be accessible. (See also Order 1353.)

Order 1331. Capacity of Conduits. (See also Order 1342.)
(a) Number of Wires Permitted. Wires installed in conduits
shall conform to Tables 1, 2 and 2A. (See also App. C.)

Note: The following tables apply only to complete conduit systems,
and do not apply to short sections of conduit used for the protection
of exposed wiring from mechanical injury.
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TABLE 1—TWO-WIRE AND THREE-WIRE SYSTHEMS

Number of Wires in One Conduit ‘
Size of Wire N EREEERERE 7 8 0
Minimum Size of Conduit in Inchesl
14 bes 12 be ¥ % 1 1 1 1
12 % ¥4 A LA pZ4 1 1 1 14
10 % 1A pt 1 1 1 114 134 114
8 Lg 24 1 1 134 114 14 114
6 1% 1 14 114 1} 14 2 2 2
5 8 14 144 134 134 2 2 2 2
4 3 114 134 15 2 2 3 2 914
3 54 134 114 134 2 2 2 214 iz
2 34 14 133 115 2 2 214 2% 214
1 ig 114 14 2 2 214 254 3 3
0 1 114 2 g 914 2% 3 3 3
09 1 2 2 215 245 3 3 3 314
000 1 2 2 214 3 3 3 314 315
0000 1. 2 214 215 3 3 31 3l 4
200000 C. M. 134 2 214 214 3 3 34 3% 4
225000 134 214 214 3 3 314
2560000 14 21% 214 3 3 314
300000 14 214 3 3 345 314
350000 14 234 3 314 313 4
400000 114 3 3 3le 4 4
450000 114 3 3 314 4 415
500000 115 3 3 345 4 41g
550000 114 3 315 4 4ls 5
600000 2 3 314 4 414 5
650000 2 34| 84| 4
700000 2 3le 315 414
750000 2 314 339 45
800000 2 314 4 444
850000 2 3Ls 4 415
900000 2 314 4 414
950000 2 4 4 &
1000000 2, 4 4 i}
1100000 214 4 414 §
1200000 215 414 414 4]
1250000 214 4le 415 L]
1300000 214 4% 5 6
1400000 215 415 B i}
1500000 214 414 5 6
1600000 214 ] 5 8
1700000 3 5 5 ]
1750000 3 5 h ]
1800000 3 5 i} (i
1900000 3 5 ]
2000000 3 5 6

Exceptions to Table 1: Where single conductor, single braid, solid
wires only, are used, four No. 14 wires may be installed in a 3 inch
conduit and up to seven No. 14 wires in a % inch conduit. Three No. 12
wires may be installed in a % inch conduit, four No. 10 wires in 3% inch
conduit and three No, 8 wires in a 34 inch conduit.
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(b) Wires of Different Systems.

A conduit shall never contain eircuits of different systems.

TABLE 2—THREE-CONDUCGTOR CONVERTIBLE SYSTEM Order 1332. Installation of Armored Cables and Flexible
: Conduit. (See also Order 1342.)
Hize Conduit ; : ;
Sine of Wircs Blectrical Trade Sizo (a) Compliance with Other Orders. Installation of armored
— — cables and flexible conduit shall comply with the general re-
twg 1t and one 19 44 Iugh quirements for conduits in so far as they apply and to these
I 10 : 6 1 o additional requirements:
.‘ . : g .
G . " 3 . ( (b) Damp Locations. In damp places or when laid in con-
» : LA o el ‘ crete, armored cable or flexible eonduit shall have a lead eov-
.‘f : i o o | ering placed between the outer braid of the wires and the steel
“® 0 [ ZFGOU" 2 “ |
: o : e | T
2
’ 250000 ’ 500000 3w ~ (e) Bends. All bends shall be so made that armored cable
“ 358338 « 1?)33388 El,é « or flexible conduit will not be injured.
: g | b || E |
“ 700000 “ 1750000 g« ' i
i L ” Sonat fe o« Order 1333. Installation of Surface Metal Raceways. (See

also Order 1342.)

(a) Location. Metal raceways may be used only for surface
wiring in dry locations.

i (b) Contimnuity. Metal raceways shall be continuous from out-
TABLE 2A—STAGE POCKET AND BORDER CIRQUITS, ELEVATOR

Robin a0 UBHIE | let tq outlet, to jur&ction boxes, or approved fittings designed
A i i i l espemall.y for use with metal raceways, ar.ld shall 'a,t all_outlets
. be provided with approved terminal fittings which will pro-
TR R ‘ tect the insulation of wires from abrasion, unless such proteetion
Sizo of Wire Ik I }? | I ‘I}Zh l e %n}%h Inl is afforded by the fzonstruction of the boxes or fittings.
(¢) Where Passing Through Floors or Partitions.
i% t %E %z %% Eé Eg \ (1) Where metal raceways pass through a floor, they shall be
8 13 22 5 & carried through an iron pipe, extending from the ceiling below

to a point five feet above the floor.
& (]:::0!)' groups or combinations not included in the above tables, see Appen-
x C,

Note: This will serve as an additional mechanical protection and
exclude the presence of moisture often prevalent in such locations.

Exce]_:;tion: Where the mechanical strength of the raceway itself is
adequate this ruling may be modified to require the protecting piping
from the ceiling below to a point at least three inches above the floor-
ing.

(2) Where metal raceways pass through a partition, they
shall be carried through an iron pipe extending three inches

| beyond the partition on each side.
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DIAGRAMS ILLUSTRATING IDENTIFIED WIRING IN ACCORD-
: ANCE WITH ORDER 1340—A

LINE TiNE
SWITCH, oUTLET) i SWITCH ourLer| !
1 | 1 I
SINGLE-POLE SWITCH SINGLE-POLE SW/ITCH
SWITCH —— E-I':"‘_"i SWITCH ovrLer E'L\_‘IT
LINE bk ! LINE ! !
OIINGLE-POLE SWITCH SINGLE-POLE BWITCH .
LINE cINE
= e
L s | 'Ilomml pP— 1 e jourersy !
= 1

TWOGANG SINGLE-POLE SWITCHES TWO-GANG SINGLEPOLE SMITCH!

o

| - 2 B
—ts-Hq R ¥ T T
@Nﬂrﬁﬂl iomm-ﬂ ! [E?_I.wmm! Ewrz_ :r:{ !
| | ! LINE
TWO-GANG SINGLE-POLE SWITCHES TWO-GANG SINGLE-POLE SWITCHES
LINE :
SWITGHES ; I_—I_ i SWITCHES r ~ '!
OUTLET It amsr= |
THREE-WAY SWITCHES THREE-WAY SWITCHES
SWITCHES r Et SWiTCHES r 1 -]
ourLer| oureer | i
INE 7 W [ i
THREE-WAY SWITCHES THREE-WAY SWITCHES
SWITCHES e SWITCHES I- [ 7
; OQUILET OUTLET :
LINE 3 LINE .
THREE-WAY SWITCHES THREE-WAY SWITGHES
R ' e
ﬁ = = ﬁ £l 3
MAINS ) MAINS

DIAGRAMS ILLUSTRATING USE OF MARKED WIRES, ORDER 1340—A

Heavy lines indicate the black covered, duggrqunded wire and light lines
indicate the identified white covered grounded wire. ;
mdsllggdtches in the left column show the standard connections for marked
wires of armored cables or twin wire; sketches in the right column show the
standard connections for marked wires w.here, single wire is used.

Cut furnished by courtesy of Underwriters’ Laboratories.
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Exception: Where such raceways pass through a partition the iron
pipe required may be omitted and the raceway passed directly through,
providing the partition is dry and the raceway is in a continuous length
with no joint or eoupling within the partition.

(d) Secrews and Bolts. The heads of serews or bolts placed
within the raceways shall be flush with the metal. '

(e) Number of Circwits. Not more than four No. 14 A. W.
G. rubber-covered wires, and no single cirenit of more than 15
amperes shall be used in a metal raceway.

Order 1334, Wooden Raceways. Wooden raceways shall not
be used except in accordance with Hxceptions (1) and (2)
of Order 1310—b-1.

SECTION 134. INSTALLATION AND PROTECTION OF WIRES
FOR LIGHTING AND POWER SERVICE BELOW 750 VOLTS

(Signal wires and radio signaling apparatus are eovered sep-
arately in Section 139.)

Order 1340. General.

(a) Identification of Wires.

(1) The grounded conductor of lighting circuits, from the
service head to every terminal, and all grounding conduectors of
eircuits and equipment shall have a eontinuous identifying outer
covering, readily distinguishing such conduetors from other eon-
ductors,

Exception: Such grounded conductors of existing installations and
all sueh grounded eonductors larger than No. 8 A. W. G. in size may he
identified by another effective method, such as by means of tags.

(2) Identified grounded conductors of such lighting cireuits
shall be run without transposition throughout the entire installa-
tion and shall be properly connected at all fittings to identified
terminals (see also Order 1314) in order to preserve continuity.
The identifying covering of rubber-covered wire shall be white
or natural gray.

Exception: Grounded conductors of fixtures, pendant and portable
cords need not have continuous identifying outer covering, but shall be
identified in another effective and ineradicable manner. (See also
Order 1360—b-2.)

(3) Rubber-covered wire, except armored cable and on switch-
boards, having white or natural gray continuous identifying
outer covering, shall not be used as ungrounded conductor.
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(b) Bare Wires. (See also Order 1358—b-5 to 10.)

(1) Bare conductors shall be used only for switchboard,
panelboard, or storage battery connections; or for electrolytic
and low voltage welding circuits, and similar eonnections; or
for trolley wires, third rails, crane runway wires, and other con-
tact conductors and parts.

(2) Such bare conductors shall be fixed at adequate separa-
tions by the use of suitable supports.

(3) Except at the point where a permanent ground conneec-

" tion is made, such eonduetors within buildings shall be kept in-
sulated from the ground.

(e¢) Twin Wires. Twin wires shall not be used except in con-
duits, armored cable, metal raceways, or flexible cords.

(d) Awvoidance of Excessive Inductance. The two or more
wires of an alternating-current cireuit, if to be.run in metal
raceways or conduit, or other magnetic metal casing shall be
installed within the same metal casing. The two or more wires
shall not be run on opposite sides of I-heam or other iron or
steel structures or in any manner so as to abnormally increase the
inductance of the cireuit.

Note: This should be done for direct-current systems, also, so that
they may be changed to alternating current systems at any time, and
because large self-inductance may cause fuses to blow explosively.

(e) Splices and Conmnections.

(1) Wires shall be so spliced or jointed as to be both mechan-
ically and electrically secure without solder. The joints shall
then be soldered, unless made with some form of approved splie-
ing device, and then covered with an insulation equal to that on
the wires.

Note: Rubber tape of proper thickness covered with adhesive tape
ordinarily is used.

(2) Stranded wires shall be soldered before being fastened
under clamps or binding serews, and whether stranded or solid,
when No. 8 A, W, G. or larger they shall be soldered into lugs for
all terminal connections, except where an approved solderless
terminal connector is used.

(f) Rheostat Connections.

(1) Wherever insulated wire is used for eonnections betwecn
resistors and the contact device of a rheostat, the insulation shall
be non-combustible or slow-burning.
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(2) For large rheostats and similar resistances where the con-
tact devices are not mounted upon them, the connecting wires
having slow burning insulation may he so arranged in groups
that the maximum difference of potential between any two wires
in any group shall not exceed 75 volts. Tach group of wires
shall be mounted on noncombustible, nonabsorptive insulators,
giving at least 14 ineh separation from surface wired over, or
where it is necessary to protect them from mechanical injury,
each group of wires may be encased in flexible tubing and placed
in conduit, the flexible tubing to extend at least one inch beyond
the end of the conduit.

Order 1341, Carrying Capacities of Wires and Sizes of Wires
Required.

(a) General Table.
The following tables (Tables 3 and 3-A), showing the allow-

~able carrying capacity of copper wires and cables of 98 per cent

conduetivity, according to the standard adopted by the Ameri-
can Institute of Ilectrical Engineers, shall be followed in plac-
ing wires:
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TABLE 3—ALLOWABLE CARRYING CAPACITIES OF COPPER WIRES

Column B 5
Column A Varnished Column C
A W. G Diameter Area in Rubber Cloth Other

Number of Solid Wire Cireular Insulation Insulation Insulation

in Mils, Mils. Amperes Amperes Amperes
1,624 3 6
2,583 6 10
4,107 15 20
6,530 1 25
10,380 T e 30
16,510 35 50
26,250 50 60 70
33.100 55 65 80
41,740 70 85 90
52,630 80 95 100
66,370 90 110 125
83,600 100 120 150
105, 500 125 i 150 200
133,100 150 180 225
167.800 175 210 275
200,000 200 240 300
211, 600 225 270 326
250,000 250 300 350
300,000 275 330 400
350,000 300 360 450
400,000 325 390 500
500, 000 400 480 600
600, 000 430 540 630
700, 000 500 600 760
800,000 B0 660 840
900,000 G00 720 820
1,000,000 650 780 1,000
1,100,000 690 830 1,080
1,200,000 730 880 1,150
1,300,000 70 920 1,220
1,400,000 810 970 1,290
1,500,000 850 1,020 1,360
1,600, 000 200 1,070 1,430
1,700, 000 4930 1,120 1,440
1,800,000 a7 1,160 1,530
1,400,000 1,010 1,210 1,610
2,000,000 1,050 1,260 1,670

1 Mil.=—=0.001 inch.

Exception: Elevators, eranes, welders and other similar apparatus,
which inherently is of such character as to require only intermittent
service, may be wired in aceordance with Table 6 of Appendix D.

Note: For insulated aluminum wire the safe carrying capacity is

eighty-four per cent of that given in these tables for copper wire with
the same kind of insulation.
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TABLE 3-A—STANDARDIZED STRANDING

Strands Cable Allowable Carrying Capacities in Amperes
No.of |Mils | A, W, G Area in Qutside Columm A Column B |Column C
Strands | Dia. No. Cir. Mils Dia. over Rubber Varnighed Other

Copper Tusulation Cloth Insulation
Insulation
7/ 25 22 4,490 075 15 18 20
7/ 82 20 7,150 006 20 25 25
7/ 40 18 11,370 120 25 30 35
7/ 51 16 18,080 .153 35 4 a0
7/ 64 14 28,740 102 50 60 70
7/ 81 12 45,710 .253 70 85 90
7/ a1 11 58,000 273 80 05 110
7/102 10 72,680 306 a0 110 130
19/ 84 14 78,030 .320 100 120 150
19/ 72 13 98,380 .360 125 150 175
19/ 81 12 124,900 405 150 180 210
19/-91 11 157,300 455 175 210 250
19/107 # 217,500 L5640 225 270 325
14/114 9 248,700 .670 250 300 330
37/ 91 11 305,400 837 275 330 400
37/ 07 x 347,500 679 300 360 430
37/102 10 381,200 714 325 390 500
37/116 * 484,300 798 400 480 600
61/102 10 633,300 918 475 563 700
61/107 * 608,000 963 500 600 00
61/114 4 798,300 1.030 550 660 825
61/121 * 893,100 1.000 GO0 720 900
61/128 8 1,007,000 1.150 650 780 1000
91/114 9 1,191,000 1.250 725 870 1125
91/128 8 1,502,000 1.410 850 1020 1350
127/114 9 1,660,000 1.480 000 1100 1460
127/128 8§ 2,097,000 1.660 1100 1300 1700

- ’%’.{.‘hese individual strands are odd sizes not listed in the American Wire
ables,

(b) Minimum Size of Branch Circust Wires, Wires shall not
be smaller than No. 14 A. W. G. except as allowed for fixture
work, flexible cords, and signal work. (Sece g and h helow and
Order 1346—e¢). (For maximum connected load permitted on
branch eircuits see Order 1352—Dh.)

Note: Where wire sizes in these rules are specified it shall be under-
stood that copper wire is referred to. If wire of other material is used,
il shall have a carrying capacity equivalent to copper of the size
specified.

(e) Alternating Cuwrrent Motor Circuits. (See also Order
1352.)

(1) Conduetors supplying eurrent to one motor shall be of
sufficient size to safely carry the starting current of the motor,
but in no case shall the capacity be less than 110 per cent of the
current rating of the motor. Where the branch cireuit is pro-
tected by fuses, the rated ecapacity of the fuses shall not exceed
the carrying capacity of the conduetors as given in Tables 3 and
3-A, except that the carrying ecapacities of Clolumn C, Tables 3
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and 3-A, may be applied to rubber-covered wire to serve motors
of a type of large starting eurrent.

(2) Conductors in that part of the circuit leading from the
motor running fuses or circuit breaker to the motor, are con-
sidered as being ineluded in the protection afforded by such
motor running overload protective device, even though such pro-
teetive device be shunted or cut out of eireuit during the starting
period. The minimum size of the eonductors in this portion of
the cireuit shall, therefore, be determined from Tables 3 and 3-A,
applying to the kind of insulation used and in aceordance with
the rating of the fuses or setting of the cirenit breaker provided
for the running overload protection of the motor, except that in
no case shall such conductors have a capacity less than 110 per
cent of the motor rating.

(8) Conductors supplying a group of motors shall he of a
size sufficient to carry the total load imposed upon them. Such
conduetors shall not be fused greater than 110 per cent of the
rated carrying capacity of the wires, as given in Tables 3 and 3-A,
pp. 194 and 195.

Note: (1) Conductor and fuse sizes for motors operating under nor-
mal conditions will be found in App. D.

(2) The total load referred to in above paragraph shall be that ex-
perienced under the most severe starting and operating conditions.

(8) This order applies only to the branch circuits up to the motor
running overload protective device.

(d) Direct Current Motor Circuits. (See also Order 1352.)

(1) All conductors supplying current to a single motor shall
have a current-carrying capacity sufficient to safely carry 110
per cent of the full load current without overfusing the wires.
(See Tables 3 and 3-A above.)

(2) Conductors supplying a group of motors shall be of a
size sufficient to ecarry the total load imposed upon them. Such
conductors shall not be fused greater than the rated carrying
eapacity of the wires as given in Tables 3 and 3-A, pp. 194 and
195,

(e) Trolley Wires. Trolley or collector wires including crane
runway wires shall be large enough to safely earry the eurrent to
be carried and to stand the strain put upon them when in use.
(See also Order 1358—D-9.)

(£) Neutral Wires. (1) In three-wire direct current or
single phase alternating-eurrent systems the neutral shall be of
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sufficient capacity to carry the maximum current to which it
may be subjected.

(2) Such meutrals of branch circuits shall not be intercon-
nected except at the center of distribution.

() Fizxture Wire, Fixture wires shall not be smaller than
No. 18 A. W. . (See also Order 1346 and 1360—Dh.)

(h) Flexible Cords. Kach conductor shall not be less than
No. 18 A. W. G. (See also Order 1346.)

Order 1342, Wiring in Conduit Raceways and Armored
Cable.

(For service entrances see Orders 1320 to 1325, inclugive.)

(a) Condutt Wiring. (See also Orders 1310—b, 1330, 1331
and 1357—¢g.)

(1) For eonduit work wires shall have rubber insulating cov-
erings, for all purposes, except that where excessive tempera-
tures are present slow-burning insulation shall be used.

Exception: Varnished cloth insulation may be used in permanently
dry locations for wires of No. 6 A. W. G. or larger.

(2) Within conduit, wires shall be without splices or taps.

(3) For conduit work, wires shall be double-braided for twin,
twisted pair or multiple-conductor cables and for all single wires
of No. 6 A. W. G, and larger.

(4) Where conduit is used to proteet wires on or passing
through side walls, the insulation of each wire shall be reinforeed
by approved flexible tubing extending from the insulator next
below the conduit to insulator next above the conduit, unless
the conduit is installed in aceordance with Orders 1330 and 1331
and the wire is approved for conduit use. (See also Order
1343—i and 1.)

(b) Support of Vertical Conduwit Wiring.

(1) Wires in vertical eonduit risers shall be supported with-
in the conduit system in accordance with the following :

No. 14-A. W. G. to 0-A W. @. inclusive, every 100 feet.

No. 00-A. W. G. to 0000-A. W. G. inclusive, every 80 feet.

Above 0000-A. W. G. to 350,000-C. M. inclusive, every 60 feet.

Above 350,000-C. M. to 500,000-C. M. inclusive, every 50 feet.

Above 500,000-C. M. to 750,000-C. M. inclusive, every 40 feet.

Above 750,000-C. M. every 35 feet.

(2) Any of the following methods of support shall be used:

I. Approved clamping deviees constructed of or employing insulating
wedges inserted in the ends of conduits.
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II. Junction boxes with covers inserted in the conduit system at the
required intervals, in which insulating supports of approved type are
installed and secured in a satisfactory manner so as to withstand the
weight of the wires attached thereto. )

ITI, Junetion hoxes with covers in which wires are supported on two
or more insulating supports so placed that the conductors will be de-
flected at an angle of not less than 90 degrees, and carried a distance
of not less than twice the diameter of the wire from its vertical posi-
tion, and where necessary wires are additionally secured to these in-
sulators by tie wires.

(¢) Wires Entering Cabinets. Wires of No. 2 A. W. G. or
larger shall not be deflected where they enter or leave cabinets,
except in wiring gutters, (See also Order 1353.)

(d) Surface-Wiring Metal-Raceways. (See also Order 1333.)

(1) Wires shall have rubber insulating coverings, with at
leagt one hraid for wires smaller than No. 6 A, W. G. and two
braids for wires No. 6 A. W. G. and larger and for twin wires. -

(2) Wires shall be in continuous lengths from outlet to outlet,
or from fitting to fitting with no joints or taps in the raceway.

(3) Where branch taps are mecessary in wiring raceways,
proper fittings for the purpose shall be used.

(4) Wires shall never be placed in metal raceways in damp
locations, in concealed locations, or where the difference of poten-
tial between any two wires in the same system is over 300 volts.

(e) Avrmored Cable. (See also Order 1332.)

Wires shall have rubber insulating covering meeting the re-
quirements for rubber-covered wires or cords of the specified
types, and construection.

Order 1343. Open Wiring and Concealed Knob and Tube
Work., (For Crane Collector Wires see Order 1358; for
Trolley Wires see Order 1345.)

(a) Insulation of Wires.

(1) Wires for open work in dry places shall have rubber, slow-
burning weatherproof, varnished cloth or slow-burning insulating
coverings. When especially subject to acid fumes or corrosive
vapors, either slow-burning weatherproof, varnished cloth or
rubber insulating coverings shall be used.

(2) Wires for concealed work or in damp places shall have
rubber insulating covering which shall be double braided for wires

'No. 6 A. W. @ and larger.

(b) Wires in Plaster, etc. Wires shall not be laid directly in
plaster, cement or similar materials.
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(¢) Wires in Attic. - Wires in unfinished atties or roof spaces
shall not be run on knobs or eleats on upper edges of joists.

(d) Support of Wires in Open Work.

(1) Wires shall be rigidly supported on non-combustible, non-
absorptive insulators, whieh will separate wires from each othe:
and from the surface wired over in acecordance with the following

 table:
Voltage Distance from Surface Distance Between Wires
0-300 | Indey plages.........vveiiirennieeeiiniouiis 14 inch 214 inches
0-300 | In d'l]'ﬂ]} ])lnc(‘.oY where aubj ect to carrosive v apors.1 inch 214 inches
B00-750 |..oiiiiiiiiiinn —— 4 inches

(2) Where wiring over flat surfaces, wires shall be supported
at least every four and one-half feet. If the wires are liable to be
disturbed, the distance between supports shall be shortened. In
buildings of mill and similar construetion, mains of not less than
No. 8 A. W. G., where not liable to be disturbed, may be separated
about six inches and supported at each timber only, but the maxi
mum span shall not exceed 8 feet.

(8) Wires for open work dead-ended at a rosette, socket or
receptacle shall have a support within twelve inches of the same.

(4) Wires erossing overhead floor timbers in rooms where they
may be exposed to injury, shall be attached by their insulating
supports to the under side of a wooden strip not less than one-half
inch in thickness, and six inches in width.

Note: Instead of such wooden strips, guard strips of wood not less
than seven-eighths inch thick may be used on each side close to wire,
but not closer than one inch, and of sufficient depth to provide suitable
protection.

(5) Im large interiors where it is édvantageous to run wires
through space, unsupported except at ends, the following condi-
tions shall be observed :

I. Wires must be elevated at least 16 feet and not subjeet to me-
chanical injury.

II. Spans must not exceed 75 feet for No. 8 A. W. G. wire or 125 feet
for No. 6 A. W. G. or larger wire,

III. Wires shall not be smaller than No. 8 A, W. G, wire.

IV. Wires shall be supported at ends by strain insulators.

(e) Support of Wires in Concealed Work.

(1) Wires for concealed work shall he rigidly supported on
non-combustible, non-absorptive insulators whieh are not more
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than four and one-half feet apart, and which remove the wire at
least one inch from the surface wired over.

(2) Wires shall be kept at least five inches apart.

Note: It is strongly recommended that wires be run on separate
timbers. .

(3) Split knobs may be used for wires of No. 10 A. W. G, and
smaller only.

(f) Tying of Wires.

(1) Wires of No. 5 A. W. (. or larger used with solid knobs
shall be seeurely tied thereto with wires which have an insulation
of the same type as that of the wires tied.

(2) Tie wire shall be of same size as wire tied, exeept that it
need not exceed No. 6 A. W. (. in size.

(g) Fastening of l{nobs and Cleats. Knobs or cleats, which
are arranged to grip the wire, shall be fastened by screws, or
barbed or cement-coated mnails with leather washers. If nails are

used, they shall penetrate the wood for a distance of at least one-
half the depth of the knob or cleat.

(h) Flexible Tubing.

(1) Wires at distributing centers, meters, switches, or other
places where space is limited and the proper separation of wires
cannot be maintained, or when fished shall be separately encased
in a continuous length of flexible tubing, extending from support
to support. (See also 1-1 below.)

(2) At all outlets in concealed knob-and-tube work the flexible

tubing shall extend from the last non-combustible, non-ahsorbent
ingulating support into and be secured to the outlet boxes or plates
required by (m) below.

(3) In the case of combination gas and electrie outlets, the
tnbing on the wires shall extend at least flush with the lower end
of gas caps.

(4) Wires may be fished only in places where suitable inspec-
tion ean be made to assure that the work is in compliance with this
code. ‘

(1) Waires Passing Through Walls and Floors.

(1) Wires in open work shall be separated from contaet with
walls, floors, timber or partitions through which they may pass
by non-combustible, non-absorptive insulating tubes, such as
poreelain or glass, except at outlets where approved flexible tubing
is required. (See h-2 above.) Suech bushings shall be long
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enough to bush the entire length of the hole in one continuous
piece. (See also Order 1342—a-4.)

(2) Wires for coneealed work shall be separated trom walls,
floors, timbers, and partitions, through which they may pass by
non-combustible, non-absorptive insulating tubes, such as poree-
lain or glass. Wires passing through eross timbers in plastered
partitions shall be pretected by an additional tube, extending at
least four inches above the timber,

(i) Clearance from Other Wires or Pipes.

(1) Wires of any ecircuit coming within two inches of other
light, power or signal circuits, shall be permanently separated
therefrom by a continuous and firmly secured, non-conducting
material in addition to the insulation on the wires. (See also
Order 1391—j.) -

(2) Wires crossing pipes shall be protected in the same man-
ner as called for in paragraph (1) above.

(3) Wires crossing pipes in wet places shall be protected as
called for in paragraph (1) above, and in addition shall be kept
at least two inches from such pipes. ‘

Note: It is better to run wires over pipes upon which moisture is
likely to gather, or which by leaking might cause trouble on a circuit.

(k) Wires Entering Cabinets, etc.. Where entering cabinets,
cut-out boxes or junetion boxes, except where they are in conduit,
armored cable or metal raceways, wires shall be protected by non-
combustible, non-absorptive insulating bushings which fit tightly
into the holes in the box or cabinet and are well secured in place.
Not-more than one conductor may enter through one bushing.

Note: The wires should completely fill the holes in the bushings so
as to keep out dust, tape being used to build up the wires if necessary.

(1) Mized Work. ’

(1) When, in concealed knob-and-tube work, it is impracticable
to place the whole of a cireuit on non-absorptive, non-combustible
ingulating supports, that portion of the cirenit which can not be so
supported shall be installed with metal conduit or armoréd cable,
except that if the difference of potential between the wires is not
over 300 volts and wires are not exposed to moisture, they may be
fished when separately encased in flexible tubing, extending in
continuous lengths from support to support, from support to out-
let, or from outlet to outlet. :

(2) When using either conduit or armored eable in mixed eon-
cealed knob-and-tube work, the requirements for conduit work or
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armored cable work shall be complied with as the case may be.
Proper fittings having a separate bushed hole for each wire ghall
be used for terminating the conduit or armored cable. (See also
Order 1330—f£-2.)

(m) Outlet Bowes or Plates and Fizture Smde lﬁoquw ed. (See
also Order 1360—c.)

(1) Outlet boxes or plates shall be installed at all outlets ip
concealed knob-and-tube wiring for lighting. Outlet plates shall
not be installed where it is practicable to install outlet boxes.
The box or plate shall be covered by a proper cover or fixture
canopy. (See also Order 1346—1.)

Note: In order that bracket lights having flat backs or canopies
may be used, it is strongly recommended that outlet boxes having a
depth of at least 114 inches and a maximum opening in plastered sur-
face of wall of 3 inches. (See also Order 1360—c-2.)

(2) Adequate supports for fixtures shall be installed at all
straight eleetric lighting outlets. (See also Order 1360—e-5.)

(3) At outlets for combination gas and electric fixtures gas
pipes shall be fastened to boxes or plates so as to secure good
electrical contact.

(4) Outlet hoxes and plates shall be supported as required hy
Order 1330—g.

(n) Broken Surface at Qutlets. When the surface at any out-
let is broken, all holes or open spaces shall be repaired.

Order 1344. Insulation Requirements for Wiring.

The wiring of an installation shall comply with the following
requirements :

(1) The complete installation and any portion thereof wl‘(h all
cut-onts and safety devieces in place, shall have a resistance be-
tween wires and between all wires and the ground (not including
attachments, sockets, receptacles, ete.) not less than that given in
the following table :

Up to bamperes......oooooeoeeeee... 4,000,000 chms
Up to 10 amperes.... iy 000 000 ohmsg
Up to 25 amperes....
Up to 50 amperes....
Up to 100 amperes....
Up to 200 amperes....
Up to 400 amperes....
Up to 800 amperes 25,000 ohms
Up to 1600 amperes... 12, 500 ohms

(2) When the lamp sockets reeeptacles electroliers, ete., are
also connected, one- hdlf of the remstanee speclﬁed in the ta,ble wﬂI
be requued )

800 ,000 ohms
. 400 ,000 ohms
200,000 ohms
. 100,000 ohms
50,000 ohms
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Order 1345. Wiring of Car Houses and Car Storage Vards.

(a) Trolley Wires.

(1) The trolley wires shall be securely supported on suitable
insulating hangers, designed for the voltage used, and shall be
placed at such a distance apart that the distance between any two
hangers is less than the distance from the trolley wire to the floor
or rail.

(2) Wood troughing or sufficient protection to prevent trolley
pole forming a econtact with any metal part of the building shall
be provided.

(b) Cut-Out Switeh and Line Breakers.

(1) An emergency cut-out switch in an aceessible loeation
outside of the building, arranged so that all trolley wires in the
building may be eut at one point, shall be provided. Line insula-
tors shall be installed so that when the emergency switeh is open,
the trolley wire leading into the building will be dead at all points,
within at least 50 feet of the buildings. In ear houses not used as
operating stations, the eurrent shall be cut out of the building
when not needed for use in the building.

{2) Trolley wires in car storage yards, or distinetive seetions
of a large storage yard shall be controlled by an emergency cut-
out switch, as deseribed above. Yards in conjunction with car
houses shall be treated as a separate section and have auxiliary
cut-out switeh.

(3) When car house or car storage yard is divided into fire
sections auxiliary cut-out switches shall be arranged to control
each section independently and may be located inside of building
near track entrance. : :

(c) Lighining Arresters. Approved lightning arresters shall
be installed to adequately protect all -overhead trolley wires in ear
houses and ear storage yards inside of the line insulators (break-
ers). ‘

(d) Current Collectors to Be Disconnected, Current collectors
shall be removed from contact with trolley wires when cars are
not in use.

Note: Suitable signs should be posted in conspicuous places, order-
ing this done.

(e) Bonding of Rails. All rails shall be bonded at each joint
with a conductor having a earrying eapacity at least equivalent
to No. 0-A. W. G. annealed copper wire, and all rails shall be
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connected to the outside ground return eireuit by not less than
No. 0-A. W. G. copper wire, or by equivalent bonding through
the track.

(£) Third Bails. ]

(1) Power third rails shall be rigidly supported on suitable
insulating supports and properly bonded at joints.

(2) Power rails within each fire section of building or storage
yard shall be controlled by an emergency cut-out switeh located
in a readily accessible place outside of buildings.

(g) Control of Lamps and Stationary Motors. All lamps and
stationary motors shall be installed in such a way that one main
switeh controls the whole of such installation, lighting and power,
independently of cut-out switeh called for in (b) above.

(h) Wiring of Apparatus.

(1) All wiring and apparatus shall be installed in acecordance
with the orders of the other sections of this code.

(2) When current for lighting, stationary motors, heating,
testing apparatus, ete., is from a grounded trolley cireuit, the
following special rules shall apply :

L. Voltage for light, heat, or power shall not exceed 750 volts.

II. Approved cut-outs and switches shall be placed in the non-
grounded side of light and motor circuits they are to protect. Light
eircuits shall not have more than 2000 watts, depending upon a single
cut-out.

ITI. Drops to lights shall be flexible rubber-covered wire or packing-
house cable.

IV. In series systems sockets ghall be of the weatherproof or porce-
lain keyless type and of a voltage rating for the current used.

V. The main ground, or return wire, shall connect with the rails or
negative feeder at not less than two places and shall be protected
against mechanical injury.

VI. All cut-outs and switches in grounded systems shall be installed
in cabinets of non-conductihg material. If wooden cabinets are used,
they shall be lined with % inch fire-resisting insulating material and
painted with a non-conducting paint.

VII. All portable testing, lighting and power devices and all pendant
cords and portable conductors shall be constructed to withstand hard
usage.

VITI. Controlling devices and apparatus for feeder distribution 8ys8-
tems for outside distribution shall be installed in a fire-resisting room
or compartment.
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Order 1346, Use of Portables and Pendants. (See also Or-
ders 1341—g and h and 1360—a.)

(a) Show Windows. Portable cords shall not be used in show
windows or in show cases, unless provided with metal armor,
Exception: Portable cord may be used for the purpose of supplying
current to portable lamps and other devices for exhibition purposes.
(b) Voltage Limit. DPortable and pendant conduetors, exeept
in eleetrie railway property, shall not be used where the voltage
between wires is over 300 volts. -
Exception: Portable cords for portable or movable motors for grind-
ing and other uses, operating between 300 and 500 volts to ground may
be used if the following construction requirements are complied with:
(1) The insulation on portable cords shall be at least %4 inch in
thickness and the size shall not exceed No. 8 A. W. G. unless flexible

cord of the reinforced steel armored type is used.
(2) Steel armor of portable cord and all other exposed non-current-

carrying parts shall be grounded in accordance with requirements for

grounding of section 103, Introductory Part.

(3) There shall be no exposed live parts of wall receptacles, and
such receptacles shall be loecated at least 5 feet above the floor. Floor
receptacles shall not be used.

(4) Wall receptacles shall be of a distinctive type not interchange-
able with ordinary wall receptacles of the lighting system.

(56) Plug connectors shall be arranged so that they can be inserted
in receptacle in one position only, thereby insuring agalnst wrong con-
nection of ground required above.

(c) Use of Flexible Cords. (For Garages see Order 1382.)

(1) The use of flexible cords shall be limited to wiring of
pendants (see also Order 1360—g), such as single lamps (not
clusters), portable equipment and chain fixtures,

(2) Flexible cord shall not be hung on or fastened with or
come in contact with nails, staples, hooks, pipes, machinery or
other metal supports.

(8) Flexible cords for pendants in dry places, where not sub-
Ject to hard usage, may be cotton or silk covered twisted or par-
allel lamp cord, but where subject to hard usage shall be rein-
forced, armored or other similar heavy duty cord.

(4) Flexible cords for pendants in damp places shall be brew-
ery, eanvasite or other similar heavy duty water-proofed cords.

(d) Cord f'_a?‘-Paﬂ‘mble Equipment. (For Garages see Order
1382.)

(1) Fleuble cords for portable equipment in dry places shall
meetf the requirements of order (c-3) above.
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(2) IFlexible cords for such equipment in damp places shall
be reinforced weather-proof, packing house, armored reinforced
weather-proof or other similar heavy duty water-proofed cords.

(8) Flexible cords for theater stages and borders shall be stage
cable having cotton weather-proof covering on each conductor and
two cotton weather-proof outer coverings.

(4) Flexible cord for elevator lighting and control shall be
special elevator cable, approved for this service.

(e) Strain at Connections. Portable and pendant conductors
shall be so installed that no strain can be placed on the terminal
connections and shall have no joints exeept at snitable fittings.

(f) Use of Fized Receplacles for Portables. Where portable
conduetors are required, fixed sockets or receptacles shall be pro-
vided at safely accessible points with the more exposed conducting
part attached, where practicable, to the grounded side of the ecir-
cuit, and so located that liability of such conductors being brought
into dangeronus proximity with other live parts will be reduced as
far as practicable. (See also Order 1111—h-2, Section 111 of
Part I, and Order 1360—d-10.)

(g) Commnectors for Portable Cords. Connectors which discon-
neet all poles from the live source of energy by a single operation
shall be used.

(h) Guarding Live Parts of Connectors. "

(1) Connectors shall be so construeted (with guards when nee-
essary) that the person using them cannot inadvertently come in
contaet with live parts, or be burned by arcing, when interrupting
the circuit.

(2) The ends of a separable ecomnector which are left alive
shall have live parts snitably guarded.

(i) Connectors in Hazurdous Locations, Where connectors
are exposed to inflammable gas or flyings they shall be so arranged
as not to he exposed to accidental opening by persons handling
portable conductors or devices.

(i) Design for Separable Connectors. Separable connectors
shall be so designed that the plugs will not fit receptacles rated for
larger currents than the plugs, and shall be of the polarity type.

(k) Protection of Cord at Sockets.

If the socket is not attached to a fixture, the inlet shall be
equipped with an insulating bushing, which if threaded shall be
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not smaller than 34 inch in size. The edges of bushings shall be
rounded and all inside fins removed, in order to provide a smooth
bearing surface for the wire.

Note: It is recommended that bushings having holes i inch in

diameter be employed with plain pendant cord and holes %% inch in

diameter with reinforced cord.

(1) Protection of Cord at Outlet Boxes. Where passing
through covers of outlet hoxes, flexible ecords shall be protected
by bushings especially designed for this purpose, or the cover
must be provided with a smooth, well-rounded surface on which
the cord will bear.  So-called hard rubber or composition bush-
ings may not bhe used. '

(m) Portable Electric Hand Lamps. Portable electric hand
lamps shall be equipped with a keyless socket of non-combustible,
non-abgorbent insulating material, large handle of non-absorbent
insulating material (such as impregnated wood), basket guard,
reflector and proper cord. (See d above and Order 2114 Indus-
trial Lighting Code.)

SECTION 135. SWITCHES, FUSES, CIRCUIT-BREAKERS, CABI-
NETS, SWITCHBOARDS, CONTROLLERS, TRANSFORMERS,
MOTORS, GENERATORS, CRANES

Order 1350. General Requirements for Switches.

(a) Where Switches Are Required. .

(1) Suitable switches shall be installed in all eircuits to lamps,
motors, transformers, storage batteries, welders, furnaces and
similar utilization equipment to make possible the independent
disconnection of all such equipment from the source of supply.

Exceptions. (1) Parts or pieces of utilization equipment intended
to operate as a unit, as, for instance, a motor and its starting device,
may be controlled by one switch.

(2) An automatic circuit-breaker complying with Order 1351—£-3
may serve as a switeh for motors if it disconnects all ungrounded wires
of the circuit,

(3) Utilization equipment may be disconnected by plug connectors,
arranged as required by Order 1346-g-h-i- and j.

(4) A group of incandescent lamps on the same branch cireuit may
be disconnected by one switch. (See also Order 1352—h.)

(2) Switches shall be so placed in motor circuits that each
motor and its starting device may be disconnected from the source
of supply.
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Exception: One switch may serve to disconnect several motors and
their starters from the source of supply, if within sight of the several
motor starters it serves.

Note: If a branch circuit has connected to it only one motor and its
starter, the above switch may be installed on the distribution panel
board. Moreover, it may be of the open-knife type, provided, the
cabinet or enclosure iz locked and accessible only to qualified persons.

(3) Switches shall be so placed in feeder conductors supplying
panel boards that each panel board may be independently dis-
connected from the source of supply.

Exceptions: (1) Such switches will not be required if the panel
boards are equipped with switches for disconnecting individual branch

cirenits or groups of branch circuits from their supply circuit. (See
also Order 1851—4d.)

- (2) If the installation eomprises only one panel board, the service
switch may serve as the disconnecting switch for the panel board.

Note: Two panel boards placed adjacent to each other will be con-
sidered the same as a single panel board,

(3) Panel boards supplying emergency lighting (stair and exit
lights) are exempted.

Note: It is not desirable to subdivide control of the wiring for
emergency lighting.

(4) Switches shall be provided as necessary to make possible
the disconnection of all fuses from the source of electrical supply
before being handled.

Exception: It will not be required that such switches be located
within sight of the fuses to be disconnected from the source of supply.

Note: Switches installed in accordance with Order 1324, subdivisions
a-1, a-2, a-3 above and subdivisions d-1 and d-2 of Order 1351, provide
in general a satisfactory arrangement to meet this requirement.

(6) Switches or plug connectors shall be installed.to permit
the disconnection of temporary wiring or portable eonduetors
from permanent or fixed wiring.

(b) Switches to Be Readily Accessible.

(1) All switches shall be readilyiand safely aceessible and shall
be installed in such a manner as to minimize the danger of acci-
dental operation. :

(2) Manual starters for motors or the manually operated part
of any motor controller shall be within sight of equipment con-
trolled. Manually operated parts of switehes for heaters and

furnaces shall be within sight of the equipment such device con-
trols. (See i below.) ' :
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Note: General Safety Order 3 requires all machines, not individually
motor driven, to be equipped with a loose pulley or a clutch or some
other adequate means of stopping the machinery quickly. This has
been interpreted to mean that the stopping device must be within easy
reach of the machine operator when operator is in his or her working
position. Although individually motor-driven machines are exempted
from this requirement, it is strongly recommended that the starting
and stopping device of new or reconstructed electrically driven ma-
chinery be located in accordance with Order 3, so that in the event it
later becomes necessary to include such equipment under Order 3, it
will not be necessary to make changes for this reason.

(e) Switches to Be Indicating. When controlling cireuits of
capacities greater than 15 amperes, switehes shall be so located or
marked as to indicate their function, the location and character
of equipment controlled by them and whether they are open or
closed. -

(d) Number of Conductors to Be Discommnected. (See also
Orders 1324 and 1365—d.)

(1) Switches required by (a) above shall open all ungrounded
conductors of eircuits supplying current to utilization equipment.

Exception: Single pole switches will be permitted in two-wire un-
grounded lighting branch circuits.

(2) Single pole switches and three-way and four-way switehes,
which shall be classed as single pole switches, shall be placed in
the ungrounded eonduectors.

Note: This order forbids the so-called “live-line” wiring scheme for -

three-way switches. .
(e) Bwitches to Be Capable of Opening Under Load.
(1) Switches shall preferably be eapable of breaking 150 per

~cent of the full load current of the commected apparatus at the

rated voltage.

(2) If switches ave not capable of breaking 150 per cent of the
full load current as required above, they shall be so constructed
that they may be locked in the closed position, or they shall be so

located that they are not aceessible to other than qualified persons,

(f) Motor Starting Switches.

(1) Where a switch is used to shunt the fuses or other motor
protective devices during the starting period, it shall be of such
type that it will be held in off and running positions, but cannot be
left in the starting position without the proper running overload
protective deviees in cireuit.

14
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(2) When the diseonnecting switeh required by (a-2) above is
accessible to other than qualified persons, the motor starter, in-
cluding switches used as starters, shall be equipped with under
or low-voltage protection, in accordance with Order 18571,

Exeeption: Motors of one-fourth horse power or less need not have
their starters so equipped.

(g) Switches for Temporary Wiring. (See Order 1350—a-5.)

(h) Guarding Live Parts of Switches. (See also Orders 1310,
1351—d and 1354.)

All manual switches, ineluding service entrance switches, shall
have suitable casings or inclosures of such design as to permit of
operation without opening the inclosure and so that the operator
is at all times protected against danger. Cases shall be locked,
sealed or made inaccessible, to other than qualified persons, by
other suitable methods.

Exception: Switches on switehboards and panelboards which are
guarded as required by Order 1310, are exempted from this order.
Panelboards complying with order 1354—b need not be installed in
locked cabinets. Single-pole, three-way and four-way switches for
use in two-wire branch circuits are not included under this order.

(i) Locking of Switches. Means shall be provided so that
switches for discomnecting motors, storage batteries, transform-
ers, electric furnaces, and similar utilization equipment can be
locked in the open position to prevent eareless closing while work
is being done on the equipment controlled by them.

Exception: (1) Small capacity snap or push switches, and push
buttons of remote control switches if near machines and in plain sight
from all parts of the machines controlled, are exempted.

(_2) Switches of any size are exempted if the installation compl_'ises
only one motor, and the switch is in plain sight from all parts of the
machines operated by the motor.

(3) Open switehes in rooms made inaccessible to other_ than quali-
fied persons may be arranged to be blocked in the open position and
plainly tagged. (See Order 1301.) :

(j) Disconnecters. Diseonnecters shall be accessible only to
properly qualified persons. They shall also be protected by signs
warning against opening the diseonnectors while carrying cur-
rent. J J

(k) Switch Blades to Be Dead. Where practicable, switches
shall be so wired that blades will be dead when switch is open.

(1) Contact and Blade Requirements.

(1) Switehes shall be so constructed as to make and maintain
good contact.
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(2) Knife switches shall maintain such alighment under serv-
ice conditions that they may be closed with a single unhesitating
motion,

Note: Quick make and guick break switches are strongly recom-
mended.

(m) Clearances and Arrangement.

(1) Where a number of switches are installed in one location,
they shall be grouped in an orderly manner.

(2) When in cabinets, live metal parts shall have clearances
from metal walls and doors as speeified in Order 1353,

(3) Single-throw knife switches shall be so placed that gravity
will not tend to elose them.

(4) Double-throw knife switches when mounted in the vertical
position shall have a locking deviee so constructed as to insure
the blades remaining in the open position when so set.

Note: Up to 250 volts and thirty amperes, indicating snap or push
switches are recommended in preference to knife switches on lighting
cireuits. (See also Order 1354—b.)

(n) Flush Switches—(Snap or Push). Where flush switches
or receptacles are used, whether with conduit or not, they shall
be inclosed in a box constructed of iron or steel, in addition to the
porcelain enclosure of the switeh or receptacle.

(0) Support of Surface Snap Switches in Concealed Wiring.
Switches shall be supported at outlets by approved fittings or
outlet boxes giving proper support or by 8x7 inch block fastened
between studs. When this cannot be done, base blocks not less
than % inch in thickness securely serewed to the lathing shall be
provided. :

(p) Sub-bases for Snap Switches in Open Wiring. Sub-bases
of non-combustible, non-absorptive insulating materials, which
will separate the wires at least 14 inch from the surface wired
over, shall be installed under all snap switches used in exposed
knob and cleat work. Sub-bases shall also be used in metal race-
way work, but they may be made of hardwood or they may be
omitted if the switch is approved for mounting directly on the
metal raceway.

(q) Twme Switches. Time switches, sign flashers and similar
appliances shall be of approved design and inclosed in approved
cabinets, except sign flashers on or within the body of structure
of the sign, in which case they shall be in separate, completely in-
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closed, accessible weather-proof boxes or cabinets of metal, of
thickness not less than that of the metal of the sign itself.

(r) Compliance with Other Orders.

1. Cranes. For additional requirements for switch installa-
tions for ecranes not covered in this section, see Order 1358.

2. Outline Lighting and Signs. Switch installations for out-
line lighting and signs shall eonform to the requirements of Or-
ders 13656—d and 1366—a, in addition.

3. Service Entrance Switches. For additional requirements
see Orders 1324 and 1325,

Order 1351. General Requirements for Fuses and Circuit-
Breakers. (See also Order 1352.)

(a) Where Fuses and Circwit-Breakers Ave Required.

(1) Fuses or circuit-breakers shall be provided in all cireuits
to protect all ungrounded conductors. :

(2) Two-wire branch circuits shall be protected by a fuse or
circuit-breaker in each conduector.

Exception: On systems having a grounded neutral or having one
side grounded and where the grounded conductor is identified with a
continuous white or natural gray outer covering and is properly con-
nected in aceordance with Order 1340—a, the fuse in the grounded
identified conductor of branch circuits may be omitted.

(3) Fuses or circuit-breakers shall be placed at every point
where a change is made in the size of the wire, unless the fuse or
cireuit-breaker in the larger wire will protect the smaller.

Exception: 1In large industrial buildings, where mains are run at
considerable elevations and in which the fuses or ecircuit-breakers
therefore may not be readily accessible, as required by (h) below,
when placed in accordance with this order, the fuses or circuit-break-
ers may be omitted at the point where such change in size is made,
provided the following conditions are met:

(1) Plans in duplicate showing location and size of mains and dis-
tribution cabinets of the proposed installation skall be submitted to
the Industrial Commission for approval before the installation is made.

(2) The current-carrying capacity of the smaller conductors shall
be at least one-third that of the mains.

(3) The smaller conductors, between the point where they tap the
mainsg and the fuses or circuit-breakers for their protection, shall be
. enclosed in rigid metal conduit, the length between these two points
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shall be as short as practicable, but in no case greater than 50 feet,
and there shall be no taps or branches hetween these points.

(4) Hach motor shall be protected by an automatic overload
protective device (fuses, thermal eut-outs, overload relays or eir-
cuit-breaker), except as provided in the exception to Order
1358—ec-3. If fuses are used, one fuse shall be provided in each
ungrounded conduetor. If circuit-breakers or overload relays
are used the number of trip coils shall not be less than reguired
by (£) below. (See also Order 1352—hb-6.)

Exception: If an A. C. starter when in running position opens all
the ungrounded wires of the circuit automatically under overload and
is equipped with the number of trip coils called for in (f) below, it
may also serve as a circuit-breaker.

(5) Each motor shall be protected by running fuses, thermal
cut-outs, relays or circuit-breaker in accordance with the follow-
ing :

L TIf fuses or thermal cut-outs are used, their rated eapacity
shall not exceed 125 per cent of the name plate eurrent rating
of the motor, except that when no fuses or thermal cut-outs of
the required capacity exist, those of the next higher standard
rating may be used.

II. Tf a eircuit-breaker is used, it shall have a econtinuous
current-carrying capacity of at least 110 per eent of the name
plate current rating of the motor.

IIL. If an overload relay is used, its rated eapacity shall not
be exceeded when the motor it protects is carrying 110 per cent
of its continuous current capacity as indicated on its name plate.

IV. If the circuit breaker or overload relay is of the time
limit type, it shall have a setting of not over 125 per cent, and if
of the continuots type, a setting of not over 160 per cent, of the
nane plate current rating of the motor.

Exception: (1) Motors of other than continuous rating or used on
other than continuous load duty, shall be considered as being suffi-
ciently protected by the fuses or circuit-breakers used to protect the
conductors of the motor circuits. (See also Order 1341 c.)

(2) Continuous rated motors of two horse power or less shall be

considered sufficiently protected by the fuses or circuit-breakers pro-
tecting the conductors of the motor cireuits. (See also Order 18341—c.)

Note: To comply with the above order in the case of a squirrel
cage or similar type motor having a large starting eurrent, it will be
necessary to use a motor starter or switch so designed that the pro-
tective device will be. shunted or‘eut out of service during the starting
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period, unless a time limit circuit-breaker or similar device is used,
which will prevent the opening of the cirecuit during the starting
period.

(b) Type of Fuses Required. Except in stations and sub-
stations (see Part 1), only fuses of the enclosed type (plug or
cartridge) may be used. (See also Order 1141—a and exception,
Seection 114, Part 1.)

(¢) Tampering with Fuses. Nothing shall be done to fuses,
cither temporarily or permanently, which will defeat the pur-
pose for which they are installed, or which will increase the ca-
pacity above the rating of the fuse.

Note: The installation in fuses of conducting materials other than
proper fusible elements, or the installation of more than one fusible
element in one fuse case is forbidden by this order.

Such reprehensible practices as the placing of pennies behind plug

fuses, the installation of link fuses or wires on the outside of cartridge
fuses are also forbidden by this order.

(d) Guarding Live Parts of Fuses. (See also Orders 1310,
1350—a-4 and h, 1354.)

(1) All cartridge fuses and plug fuses larger than 15 amperes
capacity shall always be so arranged that they may be discon-
nected from the supply cireuit by properly placed switches. An
individual switch shall be installed in each branch eireuit of this
or larger capacity.

Exception. Service entrance fuses may be placed on the supply side
of the service switch in accordance with Exception 2 of Order 1324,

(2) Plug fuses of 15 amperes capacity or less shall be ar-
ranged so that they may be diseonnected from the supply eireuit
in groups, if they are not arranged to be disconneeted by indi-
vidual switches.

(3) All fuses shall be installed in locked eabinets or otherwise
made inaceessible to other than gualified persons while the fuses
are alive.

Exception: Receptacles of plug fuses on so-called dead front or
protected type panel boards need not be dead when fuse is removed.

Note: One method of obtaining the desired protection is by a con-
struction in which the fuse and its exposed current-carrying parts are
accessible only after they have been disconnected from the circuits.

(e) Arcing or Suddenly Moving Parts. Fuses and circuit-
breakers shall he so located and shielded that persons will not
be burned or injured by their operation.
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Note: Handles or levers of circuit-breakers and similar parts may
move suddenly in such a way that persons in the vicinity are liable
to be injured by being struck by them and hence should be guarded or
isolated.

() Inierlocking Cireuit-Brealers.

(1) Automatic overload ecircuit-breakers shall have the over-
load trip coils arranged so that the operation of any one pole
will open all of the ungrounded conductors simultaneously.

(2) In two- or three-phase three-wire eircuits and two-phase
four-wire circuits there shall be an overload trip-coil in each of
two phases and in four-wire three-phase cireuits there shall be a
trip-coil in each phase,

(3) If a circuit breaker is used in place of a switch as per-
mitted by Order 1350—a, Exception 2, it shall be so arranged
that no one pole can be opened manually without disconnecting
all the ungrounded conduétors,

(g) Fuses and Circuit-Breakers in Neuwtral Wires, Ground
Wires and Fizture Canopies.

(1) Permanently grounded conductors, ineluding service
wires (see also Order 1324), shall be arranged without fuses and
cireuit-hreakers interrupting their continuity, unless the device
used opens all eonductors of the eireuit with one operation. (See
also Order 1350—d and exceptions.)

Exception: Two-wire and three-wire branch cireuits, in which the

conditions of the exception to (a-2) above are not met, shall have
fuses in all branches.

(2) Automatic cut-outs shall not be placed in fixture canopies.

(h) Accessdﬁ*ility Fuses and Circurt-Breakers.  All fuses and
circuit-breakers shall be readily and safely accessible.

Order 1352. Capacity of Fuses and Circuit-Breakers.

(a) Determining Size of Fuses and Circuit-Breakers. The
rated capacity of fuses shall not exceed the allowable carrying
capacity of the wires they proteet as given in Tables 3 and 3-A
of Order 1341—a. Circuit-breakers shall not he set more than 30
per eent above allowable carrying capacity of the wires protected.
(For exeeption to this order see a-5 above and Order 1341—e.)



216 INDUSTRIAL COMMISSION OF WISCONSIN

(b) Fuses for Branch Circuits.

(1) Branch circuits in general, except as given in (3), (5) and
(6) below, shall he protected by fuses of no greater rated ca-
pacity than— :

1B ATPETEE oot s at 125 volts or less
10 ramperes Ll el at 126 volts to 250 volts

Exception: Fixture wire or flexible cord of No. 18 or No. 16 A. W.
G. shall be considered as properly protected by 15 ampere fuses.

(2) On a two-wire branch circuit and on either side of a
three-wire braneh eircuit the number of ountlets ( see Definition 3,
Order 1020) shall not exceed twelve. :

Note: It is recommended that installations be designed so that
lighting branch cireuits are not loaded in excess of 1200 watts initially,
in order to provide reserve capacity for future additions.

(3) Branch eirenits supplying only sockets or receptacles of
the mogul type or vapor lamps (see Order 1362) shall have the
wires protected by fuses having a rated eapacity not greater than

40 amperes at 125 volts or less
20 amperes at 126 to 250 volts

Exception: The wiring of such lamps, or fixtures for such lamps,
shall be considered as protected by the above fuse sizes, if the size of
such wires is No. 12 A. W. G. or larger. Taps from circuit wires to
lamps or fixtures when No. 12 A. W. G. or larger and not longer than
18 inches shall also be considered as protected by the above fuse sizes.

(4) The number of mogul sockets or vapor lamps on a two-
wire braneh cireuit.and on either side of a three-wire branch eir-
cuit shall not exceed eight.

(5) Each heating applianee shall be supplied by a separate
branch eireuit protected in accordance with (a) above.

Exceptions: (1) Heating appliances of 6 amperes or 660 watts or
less may be grouped with lamps, etc., under the protection of a single
set of fuses, on branch circuits operating at 125 volts or less, pro-
vided the rated capacity of the fuses does not exceed 15 amperes.

(2) Heating appliances each of 10 amperes or 1200 watts or less
may be grouped on a special heater cireuit protected by fuses having
a rated capacity not greater than 15 amperes. ‘

(8) Subdivided circuits of a heater need not he separately fused.

(6) Bach motor shall be supplied by a separate branch cireuit
protected in accordance with (a) above.

Exeeptions: (1) Motors of one-fourth horse power or less may be
grouped with lamps, ete., under the protection of a single set of

fuses, on branch cireuits operating at 125 volts or less, provided the
rated capacity of the fuses does not exceed 15 amperes,
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(2) Motors may be grouped under the protection of a single set of
branch circuit fuses, provided the rated capacity of the fuses does not
exceed 15 amperes and the total wattage of the circuit does not ex-
ceed 1200. * G

(3) The number and size of motors grouped under the protection of
a single set of fuses, need be limited only by the maximum size of the
fuses with which the thermal cut-outs can be safely uszed and each
thermal cut-out shall be marked to indicate the size of this fuse.

Order 1353. Cut-out Boxes and Cabinets. (For switches,
fuses, cireunit-breakers, feeder and branch cireuit panel-
boards, ete. (See also Orders 1312 and 1330—i.)

(a) Material: Cut-out boxes, switch cases, cabinets or other
similar inclosures shall be of metal and of such design and eon-
struetion as to secure ample strength and rigidity. (For excep-
tion see Order 1345—h-2, paragraph VI.)

(b) Wiring Spaces, Gutters, Compartments. (1) Cut-out
boxes and eabinets which contain deviees or apparatus conneeted
within the box or cabinet to the wires of more than four power
or eight lighting cireunits, ineluding branch circuits, meter loops.
sub-feeder cireuits, power cireuits from lighting panels and sim-
ilar cireuits, but not including the supply eireuit or a continua-
tion thereof, shall have back wiring spaces or one or more side
wiring spaces, side gutters or wiring compartments, unless the
wires leave the box or cabinet directly opposite their terminal
connections, -

(2) The wiring spaces required by (1) above shall be ren-
dered tight inclosures by means of covers, barriers or partitions
which are firmly secured in position and which fit closely with
the bases of devices and with the frame or door. The enclosed
wires shall not be exposed when the doors of such eabinets or cut-
out hoxes are open.

(e) Spacings Within Cut-out Bowzes and Cabinets. The spac-
ing within cut-out boxes and ecabinets shall be sufficient to pro-
vide ample room for the distribution of wires and cables placed
in them, and for a separation between metal parts of boxes and
cabinets and eurrent-carrying parts of deviees and apparatus
mounted within them as follows :

(1) There shall be an air space of at least 1/16 inch, except at
points of support, between the base of the device and the wall of
any metal hox or cabinet on which the device is mounted.
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(2) There shall be an air space of at least one inch between
any live metal part (including live metal parts of enclosed fuses)
and the door, unless the door is lined with an adequate insulat-
ing material or is of a thickness of at least that of No. 12 U. 5.
gauge metal, when the air space shall be not less than one-half
inch.

(3) Except as noted above, there shall be an air space of at
least one-half inch between the walls, back, gutter partition, if
of metal, or door of any box or cabinet and the nearest exposed
current-carrying part of the deviees mounted within the box or
cabinet where the potentials do not exeeed 250 volts, This spac-
ing shall be inereased to at least one inch where the potentials
exceed 250 volts. '

(d) Depth of Cut-oul Bowes and Cabinets. Cut-out boxes
and cabinets shall be deep enough to permit the closing of the
doors, when switches are opened as far as their construction will
permit.

Order 1354, Switchboards and Panelboards. (Sec also Or-
ders 1350—m, 1383 and 1384.)

(a) Switchboards.

1. Switehboards it aceessible only to qualified persons shall
be installed as required by Orders 1120—e and 1142 of Part 1.

2. Tf installed where accessible to other than qualified persons,
as in workrooms of mills and factories, mercantile cstabligh-
ments, hotels and other public buildings, they shall in addition
be guarded as required by Order 1310, and insulating floors,
mats or platforms provided as required by Order 1120—e-2,
Section 112 of Part 1. (See also Order 1350—h.)

(b) Panelboards.

(1) Panelboards and cut-out bases for lighting distribution
centers shall he enclosed in metal eabinets and the combination
of cabinet and enclosed device shall be of such design as to be
dead-front.

(2) The following minimum distances between bare live metal
parts (bus-bars, ete.) shall be maintained :

T. Between parts of opposite polarity except at switches.

When mounted on the same surface. When held free in air.

Not over 125 volts..... ~ 3 inch ... Y inch

Not over 250 volts. 1% inch % inch
Not over 600 volts................2 inch...._.. ...1 inch
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II. Between parts of the same polarity a distance sufficient to
permit of convenience in handling shall be maintained.

(3) When there are exposed live metal parts on the back of
board, a space of at least one-half inch shall be provided between
such live metal parts and the cabinet in which the panelboard or
cut-out is mounted.

Order 1355. Countrollers.

(a) Accessible and Indicating.

The requirements for accessibility and the indication of the
funetion of controllers, starting rheostats and auto-starters shall
conform to Orders 1350—b and ¢ for switches.

(b) Contacts. Controllers and rheostats shall be so con-
strueted as to make and maintain good contact.

(¢) Resistors.

(1) Resistors shall be placed on switchboards, or at a distanee
of at least one foot from ecombustible materials, or separated
therefrom by slabs or panels of non-combustible, non-absorptive,
insulating material such as slate, soapstone, or marble, some-
what larger than the resistors and secured in position independ-
ently of the supports of such resistors.

(2) Bolts for supporting the resistors shall be ecountersunk at
least 14 inch below the surface at the back of the slab and the
bolt heads shall he covered with insulating material or there
shall be an air space of at least one inch between the back of the
slab and the surface protected.

(3) For proper mechanical strength the slab used should be
made of a thickness consistent with the size and weight of the
resistor,

(d) Guarding Live Parts of Controllers.

All mannal controllers, such as starting rheostats, auto trans-
former starters and other similar devices for starting motors
$hall have suitable casings or enclosures of such design as to
permit of operation without opening the enclosure or shall be so
located that the operator is at all times protected against danger.

Exception: Pre-setting speed devices and other devices manipu-

lated by and accessible to qualified persons only are exempted from
this order, provided they are within a locked enclosure.

Note: Manual speed regulators that may be used as motor starters
are included in thiz order.
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Order 1356. Transformers. (For Exception see Order 1301.)

(a) Location.
(1) Transformers shall not be attached to the wall of any
building when the voltage exceeds 750.

(2) Oil transformers of more than 5 K. W. capacity shall not
be placed on or inside of any building, except electrical test
rooms, generating stations and substations, unless inclosed in a
transformer vault. (See definition 52, Seetion 102, Introdue-
tory Part.)

(3) Air cooled transformers shall not be placed inside of any
building, excepting generating stations or substations, if the
highest voltage of either primary or secondary exceeds 750 volts,
unless inclosed in a transformer vault.

(4) Air cooled transformers of less than 750 volts, with the
exeeption of bell ringing and other signaling transformers, shall
be so mounted that the ease is a distance of at least one foot from
combustible material or separated therefrom by non-combustible,
non-absorptive insulating material, such as slate, marble or soap-
stone. This will require the use of a slab or panel somewhat
larger than the transformer.

Exception: The requirements of (1), (2), (3), and (4) above do not
apply to apparatus or fittings, the operation of which depends either
wholly or in part upon special transformers embodied in the devices,
or auto-transformers used in connection with motor starters, but all
such apparatus or fittings shall comply to these orders in all other
respects,

(b) Auto-Transformers. Transformers in which a part of
the tiurns are common to both primary and secondary ecircuits
shall not be used inside buildings to supply lighting ecircuits it
the highest voltage involved exceeds 300 volts,

Order 1357, Motors and Generaters. (Sce also Orders 1310 and
Orders 1341—b and e.)

(a) Bushings and Bases.

(1) Bushings for lead wires coming through the frames of
motors and generators shall be of non-absorptive insulating ma-
terial. :

Exception: Soft rubber may be used if not exposed to oils, grease
or other deleterious substances in such quantities as to cause its rapid
destruction. ‘
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(2) When terminal bases are used, they shall be of approved
non-combustible, non-absorptive, insulating material such as
slate, marble or porcelain,

(b) Dripping.

(1) Where there is likely to be oil dripping from motors and
generators suitable drip pans shall be provided.

(2) Suitable guards or inclosures shall be provided to protect
exposed current-carrying parts and the insulation of leads of
motors and generators from dripping oil, excessive moisture,
steam, vapors, chemicals or similar injurious substances.

(e) Speed-Limiting Devices. Machines of the following type
shall be provided with speed-limiting devices unless the load and
the mechanical connection thereto are of such a character as to
safely limit the speed or unless the machine is always under the
manual eontrol of a qualified operator.

(1) Separately execited direct-ecurrent motors.

(2) Series motors.

(3) Motor-generators and converters which can be driven at
excessive speed from the direct current end, as by the reversal
of eurrent or decrease in load.

Note: The required limitation of speed may be obtained by the use
of a relay, centrifugal switch, or other cireuit-breaking device which
will cut off the supply of energy when excessive speed is attained.

(d) Weak Field. Where the speed adjustment of direct cur-
rent motors is accomplished by varying field resistance, and the
nature of the load and the range of the field-rheostat are such as
to make a dangerous speed attainable and no speed-limit devices
are used, the field rheostats shall be arranged with low-voltage
releases or other necessary devices so that the motor cannot be
started or continued in operation under dangerously weakened
field exeept where the operation of such a low-voltage release
might result in serious injury to serviee or apparatus.

Exception: Motors which are designed to permit operating under
wealkened field are not included in the above.

(e) Wiring. Where speed-limiting devices or remote-control

switches are electrically operated, the control cirenits by which .

such devices are actuated shall be adequately guarded by conduit
or otherwise, against mechanieal injury.

(f) Under or Low-Voltage Protection. Where the restarting
of the motor on restoration of voltage may result in injury to
persons or apparatus, under or low-voltage proteetion, which
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will cause and maintain the interruption of power to the main
cireunit upon reduction or failure of voltage, shall be supplied.
(See also Order 1350—£-2.)

Exception: When the motor and driven machinery are isolated and

accessible to qualified persons only, the provision of a disconnecting

switeh eliminates the hazard to persons.

(2) Reverse-Phase Relays for Motors.

(1) Kleetric freight or passenger clevators, operated by poly-
phase alternating current motors, shall be provided with protec-
tive devices (relays) which will prevent starting the motor if
phase rotation is in the wrong direction or if there is a failure
in any phase.

Ixception: Limit switches placed in the elevator shaftway in ac-
cordance with Order 471 of the elevator code will make unnecessary the
installation of reverse phase relays.

(2) Eleetrie cranes operated by polyphase alternating cur-
rent motors, shall have the runway feeders or other sources of
supply protected by relays, which will prevent starting any of
the motors on the crane if the phase rotation of these feeders is
in the wrong direction.

(h) Operation. Only motors especially designed for the pur-

pose may be run in series—multiple or multiple-series.

(1) Iigh Potential Systems. (See also Order 1325.)

(1) Motors or generators shall not operate at voltages in ex-
cess of 2500, except in rooms accessible-only to qualified eleetrical
operators. (See Order 1301, Section 130.)

(2) Motors operating at voltages above 750 volts shall he
wired with approved multiple conductor, metal sheathed cable
in rigid metal conduits, or other suitable duets.

Exception: Where not exposed to moisture, the sheathing may be
omitted.

(8) When sheathing is required the ends of the sheaths shall
be belled-out and honded around splices by No. 6 A, W. (. wire
and ground eclamps, '

(4) The insnlation of the several conductors where leaving
the metal sheath of cables, shall be protected from moisture, and
mechanieal injury by pot-heads or equivalent methods.

Note: Do not terminate the conduit at or close to the apparatus
and bridge the gap with open wires. In the case of a belted motor

which must be adjustable to some extent, a short portion of the con-
duit may be flexible.
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Urder 1358. Cranes.

(a) Speciul Requirements. In addition to complying with
the other orders of this code that apply, all wiring and electrical
equipment of cranes shall comply with the following require-
ments: (See also Seetion 131.)

(b) Wiring. :

(1) All conductors exeept hare collector conductors, those be-
tween resistances and contact plates of rheostats and those sub-
Jected to severe external heat, shall be stranded rubber-covered
and not smaller in size than No. 12 A. W. G.

(2) Insulation on wires between resistances and contact plates
of rheostats shall conform to Order 1340—f,

(3) Wires subjected to severe external heat shall have slow-
burning insulation.

(4) Al wires, excepting bare wires, shall be run in conduit,
armored eable, or shall be supported by Lknobs or eleats which
separate them at least one inch from the surface wired over.

Exception: In dry places where space is limited and the distance
between wires, as required by Order 1343—d-1 and h-1, eannot be ob-
tained, each wire may be separately encased in flexible tubing securely
fastened in place.

(5) Trolley conductors earried along crane runways, shall be
rigidly and securely attached to their insulating supports at least
every 20 feet and held at ends by strain insulators. If wires are
run in a horizontal plane, they shall be separated at least 6
inches; if not run in a horizontal plane they shall be separated
at least 8 inches; if spans are longer than 20 feet, the distance
between wires shall be inereased proportionately, but in no case
shall spans exceed 40 feet. (See also Order 1340—D.)

Exception: Clamp ear hangers will be considered the equivalent of
rigid supports.

(6) Crane runway conductors shall be located in such a po-
sition or so guarded that persons working on the erane or per-
sons enfering or leaving crane cab, are reasonably protected
against making accidental contact.

(7) Bridge collector wires shall be held at ends by strain in-
sulators and when spans of eranes exceed 50 feet, insulated sup-

ports, on which the wires may loosely lie, shall be provided every
30 feet.
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(8) Bridee collector wires shall be kept at least 214 inches
apart and separated at all times at least 114 inches from the sur-
face wired over.

(9) Bridge collector wires shall not be smaller in size than
specified in the following table for the various spans: (Sce also
Order 1341—e.)

Length of Span—TFeet i Size Wire Required—A. W. G
0 to 30 6
31 to 60 4
Over 60 2

(10) Bridge collector wires shall be so arranged or so guarded
that hoisting cables cannot be brought into accidental contaet
with them.

Note: Provision of a light angle iron to prevent the hoisting cables
from swinging against the bridge trolley conductors will be considered
sufficient protection.

(11) Monorail runway conductors on I-beam or equivalent
struetural runways shall have a minimum horizontal spaeing of
214 inches between conductors and a minimum clearance of 114
inches from grounded metal parts, if a wire is used for the con-
ductors, or 1 inch if steel bars or shapes are used.

(¢) Switches, Fuses and Circuit-Breakers.

(1) Runway trolley wires for traveling eranes or the feeder
wires for other types of cranes shall be protected by fuses or eir-
enit-breakers and controlled by a switech which can be locked in
the open position. TFuses or cireuit-breakers and switches shall
comply with Orders 1350—h and 1351—d and shall be so
located as to be easily aceessible from the floor.

(2) All electric eranes shall be equipped with a main line
switeh connected into the leads from the crane runway wires,
and so loeated in the cab as to be readily accessible to the opera-
tor. This switch shall comply with Order 1350—h and shall
have means for locking in the open position.

Exception: Where cabs are attached to the crane trolley an addi-
‘tional main line switeh of the same type shall be provided as near as
possible to the main collectors.

(3) With eranes or eab controlled monorail hoists having
more than one motor, each motor shall be protected by fuses, a

eireuit-breaker or overload relays controlling line contactors.
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If fuses are used, one fuse shall be provided in each conductor.

1" circuit-breakers or overload relays are used, the number of

trip eoils shall not be less than required by Order 1851—f-2,
Exeception: Jib cranes, pillar cranes, and floor controlled hoists

having a combined motor horse power of 10 or less need not have in-
dividual motor protection.

(4) Each hoisting motor shall he cquippéd with a limit switch

*50 placed and so arranged as to disconneet the motor, apply the

brake and stop the motor before the hook passes the highest point
of safe travel.

(d) Buffers at Travel Limits and Between Crames.

(1) The bridge and trolley shall be provided with substantial
and effective buffers, preferably of the air-cushion, spring or
similar type, or the eurved rail with a radius lareer than the
wheel shall be employed.

(2) Where two or more eranes are operating on the same run-
way, substantial and effective buffers of the air-eushion, spring
or similar type, shall be provided.

(e) Brakes. '

(1) Eaeh hoist motor shall be provided with a magnetie brake
so arranged that the brake will be applied when the power is cul
off from the brake magnet. This brake shall have sufficient
torque to sustain at least one and one-half times the full rated
load.

Note: On cranes where a combination mechanical load lowering
brake and a magnet brake on motor shaft are employed, the two brakes
together shall meet this requirement, but need not do so individually.

(2) Cranes which have a cab on the trolley shall be provided
with a brake for the trolley motion.

(3) The bridge travel shall be provided with a brake.

(4) The brakes specified in (2) and (3) above shall be capable
of producing a torque sufficient to retard at the rate of not less
than one foot per second per second. When manually operated
this rate of retardation shall not require a forece on the brake
lever in excess of 100 pounds.

Note: A maximum limit for retardation cannot be set as a general
rule, but in no case should it be such as to introduce hazardous con-
ditions when consideration is given to the character of the service
and the characteristics of the equipment.

() Grounding. The metallic parts of portable cranes, der-
ricks, hoists, and similar equipment on which wires, cables, chaing

15
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or other conduecting objects are maintained shall be provided
with an effective protective ground if operated in the vieinity of
electric wiring or equipment over 100 volts to ground, whether
the eranes or similar equipment are themselves electrieally oper-
ated or not.

Note: Order 1313 requires the grounding of the motor-frames, the
entire frame of the crane and the tracks.

(g) Controllers.

(1) Controliers shall be installed as required by Order 1355.

Exception: If the crane is located outdoors the insulation on wires
between resistors and contact plates of rheostats shall be rubber

where the wires are exposed to moisture and insulation is necessary
and also where wires are grounded.

{2) If the erane operates over readily combustible material,
the resistors shall be placed in an inclosure made of non-combus-
tible material, thoroughly -ventilated and so constructed that it
will not permit any flame or molten metal to escape in the event
of burning out of the resistors. If the resistors are located in
the cage, this result may be obtained by constructing the cage of
non-combustible material and providing sides which inclese the
cage Irom its floor to a height of at least 6 inches above the top
of the resistors.

(3) If each controller is not arranged to return automatically
to the “‘off’’ position, when the operating handle is released, each
erane shall be provided with a device which will diseonnect all
motors from the line on failure of power and will not permit any
motor to be restarted until the controller handle is brought to the
central position or until a reset switeh or button is operated.

(4) Manual controllers or the manually operated part of re-
mote controllers shall be provided with a device that will defi-
nitely indicate to the operator’s sense of feeling when the con-
troller is in the ‘‘off’’ position.

(6) All econtroller handles shall, as far ag practicable, be so
arranged that the movement is in the same general direction as
the resultant movement of the objeet controlled, and so that the
operator can readily face the direction of travel.

SECTION 136. LIGHTING FIXTURES AND APPLIANCES,
INCLUDING SIGNS AND OUTLINE LIGHTING

Order 1360. Fixtures.

(a) Construction of Fiztures.

1. Fixtures shall be composed of metal or wood, or other
materials approved for the purpose. Materials other than metal
shall be reinforced hy metal or the fixtures shall be otherwise
construeted to secure the requisite mechanieal strength.

2. In all fixtures not made entirely of metal, wireways shall
be lined with metal unless approved armored conduectors with
suitable fittings are used. ‘

Exception: This requirement shall not apply to wireways in glass,
marble or similar non-absorptive insulating materials.

3. All methods of fastening arms, sockets, hodies, supports
and receptacles by threading, soldering, brazing or otherwise
shall be such as to seecure in every case ample strength and re-

liability and to prevent turning. Tubing used in making

threaded arms and stems shall be composed of metal having a
thickness not less than .04 inch. It shall not he kinked, flattened
or eracked.

4. Fixtures shall be constructed so that wires may be drawn.
In, remain in place, or withdrawn without injury to the sula-
tion of the wires. )

Note: To accomplish this result all burrs and fins in wireways
ghould be removed and all edges which wires pass should be smooth
and rounded so as to prevent the possibility of eutting or abraiding the
insulation at time wires are inserted or later through movement or
vibration of the fixture. It is suggested that openings for the en-
trance of wires be made large.

5. Fixtures exposed to moisture, whether located indoors or
outdoors, shall be so construeted that water eannot enter the
wireways, sockets or other electrical parts.

6. Fixture studs which are not parts of outlet boxes, hickeys,
tripods and erowfeet shall be made of malleable iron or other
approved material.

7. All forms of fixtures in which the wiring is liable to be ex-
posed to temperatures in excess of 120° T, (49° C.) shall be so
designed or ventilated and installed as to operate af tempera-
fures which will not cause deterioration of the wiring.
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4. Canopies and outlet boxes or plates shall, taken together,
provide ample space for the reception of wires and their con-
necting devices. ,

9. Receptacles having exposed terminals shall not be placed
in canopies unless ecompletely enclosed in metal.

10. Canopy insulators, used where insulating joints are re-
quired, shall be of approved type and shall be securely fastened
in place, 50 as to separate the canopics effectively and perma-
nently from the conducting surfaces from which they are in-
tended to be insulated. The insulating strip or sheet shall be
secured by rivets or serews which shall be so placed or counter-
sunk that the desired effective insulation distanee will be ob-
tained.

Note: A strip of a good grade of hard fiber, 1/16 inch in thickness,
permanently attached to the canopy at the ends and at intermediate
points in such a manner that the strip will extend permal}ently at
least 3/16 inch beyond the upper edge of the canopy rim, will be ac-
cepted. Where this is impracticable, a flat sheet of said fiber, cut to
conform to the general outline of the canopy and having the edges of
the sheet at least flush with the edges of the canopy, may be employed,
if permanently attached to the canopy.

11. Insulating joints shall be composed of ‘materials espe-
cially approved for the purpose. Those which are not designed
to be mounted with serews or bolts shall have a substantial ex-
terior metal casing, insulated from both screw conneetions.

(h) Wiring of Fiztures. (See also Order 1346.)

1. No conductor shall be smaller than No. 18 A. W. G. On
chaing or other movable parts, stranded conductors shall be
used unless the wires are completely enclosed in metal. Where
the fixture is externally wired, wires shall be secured in a manner
which will not tend to cut or abrade the insulation and shall be
protected from abrasion where they pass through sheet metal
pans, eanopies, ete. No splice or tap shall be located within an
arm or stem.

Note: It is recommended that approved splicing devices or ap-
proved plug conneections be used for attaching the fixture wires to the
circuit wires.

2. Each fixture shall be so wired that all serew shells or
sockets will be connected to the same fixture stem wire, or sup-
ply wire, or terminal in the fixture, and this wire or terminal
shall be marked in an approved manner by which it may be
readily distinguished. The marked wire shall in all eases be the
grounded wire. (See also Orders 1314 and 1340—a.)
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3. Chain fixtures shall be wired with flexible conductors
g0 arranged that the weight of the fixture will not put tension
on the conductors.

4. Fixture wire, flexible cord or rubber-covered wire shall he
employed, unless the wiring is exposed to temperatures in
excess of 120 degrees F. (49 degrees (.), in which ease con-
ductors having slow-burning or other heat-resisting covering
shall be used. Fixtures intended for outdoor use shall be wired
with rubber covered conductors. Wires shall always bhe so dis-
posed as to avoid exposure to high temperatures as far as praec-
ticable. Fixtures intended for use in rooms where inflammable
gases may exist shall consist of rigid stems, internally wired
with rubber covered conductors, soldered directly to the cir-
euit, and shall be equipped with vapor tight globes. (See also
Order 1312.)

5. Fixture wires or the individual conductors of flexible
cords used where the voltage between any two conductors or be-
tween any conductor and the ground is over 300 volts, shall have
insulation at least 3/64-inch in thickness for sizes No. § and
smaller. (See also Order 1346—Dh.)

(e) Installation of Fiztures. (See also Order 1343—m.)

1. Fixtures having exposed noncurrent-ecarrying metal parts,
if not permanently and effectively grounded (see also Order
1813), shall be insulated from their supports by insulating joints
placed as close as possible to the ceiling or wall and by eanopy in-
sulators if wall or ceiling is composed of sheet metal or plaster
on metal lath.

Exception: Such insulating joints and canopy insulators may be
omitted with straight electric fixtures connected to knob-and-tube
work or open work on walls and ceilings of wood frame and plaster
on wood lath construection.

2. Fixtures having so-called flat canopies, tops or backs, shall
not be installed where outlet plates are used.

Note: It is recommended that for all side wall and partition outlets
in concealed work in new buildings under construction outlet bhoxes
having a depth of approximately 1% inches be used. Such hoxes

should have covers which will reduce the opening to not more than
three inches in finished plaster wall. Switch boxes are also suggested
for this purpose. :

3. No externally wired fixture shall be located in the immedi-
ate vicinity of especially inflammable material; nor shall any
externally wired fixture, other than of the chain type, be placed
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in' a show window. Armored eord pendants shall be eonsidered
to be internally wired fixtures. !

4, Fixtures shall be so installed that the connections be-
tween the fixtures and the branch circuit wires will be easily ac-
cessible for inspection without requiring the discommnecting of
any portion of the wiring, unless the fixture is attached by an
approved plugging device.

Note: This order does not forbid the disconnection of a socket or
sockets when necessary in order to make possible the lowering of the
fixture for inspection.

5. Fixtures shall be supported in a substantial manner. (See
also Order 1343—m.)

Note: Ordinary fixtures may be supported from gas pipe, conduit,
outlet boxes or fixture studs. Fixtures known as ceiling collars, espe-
cially constructed for the purpose of supporting a shade, bowl or globe
at ceiling, may be fastened to the plaster or wall by means of wood
serews, providing such support is substantial within the meaning of
the order. Wall brackets with specially designed backs of metal, com-
position, wood or other approved material, made to fit flat against the
wall (where outlet boxes are used), may be fastened to the plaster or
side walls by means of wood serews, if such method provides a sub-
gstantial support. Proper grounding should be provided where re-
quired by Order 1313—ec.

(d) Lamp Sockets and Receptacles. (See also Order 1346—I
and k.)

1. Lamp holding devices shall be classed according to diam-
eters of lamp bases, as candelabra, medium and mogul bases, to
be known respectively as 14-inch, 1-inch and 1l4-inches nominal
sizes.

Note: (1) It is recommended that 660 watt sockets and re?eptacles
be used wherever the attachment of flexible cords thereto is likely.

(2) Receptacles for attachment plugs (convenience outlets) are
strongly recommended in order to faecilitate the use of electrical ap-
pliances which, otherwise, must be connected to sockets designed pri-
marily only as lamp holders. (See (10) below.)

2. The inside of metal shells shall be lined with insulating
material, which shall prevent the shell from becoming a part of
the eireuit, even though the wires inside the sockets should be-
come loosened or detached from the position under the terminal
SCrews,

3. The lining shall not extend beyond the metal shell more
than T4-inch, but shall prevent any current-carrying part of the
lamp basge fromw being exposed when a lamp is in the soeket.

ELECTRICAL CODE—ORDER 1360 231

4. The cap also shall be lined.

5. The socket as a whole shall be so put together that parts
will not rattle loose or fall apart under the most severe condi-
tions they are likely to meet with in practice. The base of the
socket shall be secured or held in the shell in such a manner as
to prevent turning or displacement relative to the shell.

6. Lead wires furnished as a part of sockets and intended
to be exposed after installation shall be of approved stranded,
rubber-covered wire, not less than No. 14 A, W. G. (No. 18 A.
W. G. for candelabra socket) and shall be sealed in place.

7. In places where combustible dust is thrown into suspen-
sion in the air in sufficient quantities to produce explosive mix-
tures, dust-tight fixtures enclosing lamps and sockets shall be
used. Such fixtures shall be supported by conduit hangers or
chains to prevent any strain on the wires. Where rubber-cov-
ered wire is used it shall have insulation not less than 3/64-inch
thick, (See also Order 1312.)

8. Bockets and receptacles installed over especially inflam-
mable material or where exposed to flyings of combustible ma-
terial shall be of the keyless type and, unless individual switehes
are provided, shall be located at least 714 fect above the floor, or
shall be otherwise so located or guarded that the lamps eannot
readily be baeked out by hand. (See also Order 1312.)

9. Weatherproof sockets, especially approved for the loca-
tion, shall be employed in damp or wet places or where corrosive
vapors exist. If mnot attached to fixtures, they shall be hung
from separate stranded wires not less than No. 14 A. W. . which
are soldered directly to the cireuit wires but supported independ-
ently thereof,

Note: Basements of residences ordinarily would not come under the
classification of damp or wet places, but if sockets or fixtures can be
reached from the floor or while a person is in contact with other
grounded surfaces, they must of course be constructed of non-coni-
bustible, non-absorbent insulating material or exposed metal parts
must be grounded in accordance with Order 1313—e.

10. Receptacles for attachment plugs, when located less than
four feet above the floor, shall be of the flush type having live
parts suitably guarded against contact.

Note: Edison serew receptacles are not considered as having their

live parts suitably guarded. Flush receptacles in accordance with this
order are recommended for use at all elevations.
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(e) Rosettes.
Separable rosettes which make possible a change in polarity
shall not be used. (See Order 1340—a.)

() Inflammable Matter Attached to Fizlures.

Decorations of paper, cotton, cloth or other combustible ma-
terials shall not be attached to wires, globes, shades, lamp bulbs
or other parts of fixtures liable to temperatures which may char
or ignite such materials.

Note: Properly constructed cloth, parchment or similar shades of
portable table and floor lamps are not included in this order.

(g) Pendant Cords.

Pendant lamp eords shall hang vertically in space and neither
the cord nor the lamp shall be in contaet with any other body.
(See also Order 1346—ec.)

Or.'der 1361. Gas-Filled Incandescent Lamps.

(a) Size of Buse.

Gag-filled incandesecent lamps shall not be equipped with
medium bases above 250 watts rating, nor with mogul bages if
above 1500 watts rating.

(b) When Installed in Show Windows.

Gas-filled incandescent lamps shall not be located in show win-
dows nor where liable to countaet with inflammable material un-
less installed in approved fixtures equipped with shiades or
guards or suitably designed to operate at a safe temperature.

Order 1362, Mercury Vapor Lamps, (See also Order
1352-b-3.)

(a) Enclosure of Resistances und Regulutors.

Enclosed mereury vapor lamps shall be equipped with only
such resistances or regulators as are enclosed in non-combustible
cases, such resistances or regulators being treated as sources of
heat. Where these resistanees or regulators ave subject to flyings
of lint or combustible material, all openings in their ecasings shall
be covered by fine wire gauze.

(b) Mercury Vapor Lamps Enclosed in Firtiwres. :

Fixtures carrying enclosed mercury vapor lamps shall be

wired with insulated conduetors not smaller than No. 12 A,
W. G.
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Order 1363. Arc Lamps and Constant-Current Series Lamps.
(See also Order 1323.)

(a) Disconmecting Device. A suitable device shall be pro-
vided by which each are lamp or other device on series eireuits
may be safely and entirely diseconnected from the eircuit before
it is handled, unless the lamps are accessible only to properly
qualified persons, worked on only from suitably insulated stools,
platforms or tower wagons and treated always as under the full
voltage of the circuit concerned.

(b) Wires.
(1) Lamps when arranged to be raised and lowered, either
for carboning or other purposes, shall be connected with stranded

conductors from the last point of support to the lamp, when
such conductor is larger than No. 14 A, W. G.

(2) These branch conductors shall have a carrying capacity at
least 50 per cent in excess of the normal eurrent vequired by
the lamp.

(3) Interior wiring for are lamps shall have an approved rub-
ber insulating covering. Wires shall always be in plain sight,
and never incased.

(4) Wires for arc and constant-current series lamps shall be
supported on glass or porcelain insulators, which separate the
wire at least one inch from the surface wired over and shall be
kept rigidly at least eight inches from each other, except on
hanger-boards or in eut-out boxes or like places, where a less
distance is necessary. :

(5) Incandescent lamps in series ecireunits shall have the

- wires installed as required above and each lamp shall be pro-

vided with an automatic cut-out.

(c) Resistors and Regulators,

(1) Resistors or regulators of are lamps on constant-potential
cireuits shall be inclosed by non-ecombustible material, and shall
be treated as sources of heat. Ineandesecent lamps shall not be
used as resistors.

(2) Economy and compensator coils for are lamps shall be
mounted on non-combustible, non-absorptive, insulating sup-
ports, such as glass or porcelain, allowing an air space of at
least one inch between frame and support, and shall in general
be treated as sources of heat.
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(d) Guarding.

(1) Arc lamps shall be supplied with globes and wire nettting
around the globes (having a mesh not to exceed 114 inches)
and shall be protected by spark arresters. Broken or eracked
globes shall not be used.

(2) Lamps shall be placed out of reach or otherwise suitably
protected.

Note: Outside lamps should be suspended at least 10 feet above
footways and 15 feet above roadways; inside lamps, at least 8 feet
above the floor.

(3) Lamps shall be secured from falling on persons or traffic
passing below, and the hanger rope, chain or other means
adopted for holding the lamps shall be regularly and Syqte-
matically inspected.

(&) Supports. All metal eable or chain supports for con-
stant-current series lamps shall be effectively insulated from the
lamp and shall also be insulated at a point not less than 8 feet
from the ground.

Order 1364, Decorative Lighting.

For temporary installations of approved systems of decorative
lighting, the difference of potential between the wires of any cir-
enit shall not be over 150 volts, and not more than 15 amperes
shall be dependent on the one cut-out.

Order 1366, Outline Lighting. (Exterior.) (For size of fuses
required see Order 1352.)

(a) Wiring.

(1) For outline lighting, open wiring, conduit or metal-
trough eonstruction may he used but raceways shall not be used.

(2) Wires for use in rigid or flexible steel conduit shall com-
ply with requirements for conduit work. (See Order 1342.)

(3) Where armored cable is used, the cable shall be protected
from moisture by lead sheath between armor and insulation.

(4) For open work, wires shall be rubber-covered, not less
than No. 14 ‘A, W. G. and shall be rigidly supperted, on non-
combustible, non-absorptive insulators not over 414 feet apart,
which separate the wires at least one inech from the surface
wired over. If the wires are liable to be disturbed, the distance
between supports shall be shortened.
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(5) In those parts of eireuits where wires are connected to
receptacles which hold them at least one inch from the surface
wired over, and which are placed not over one foot apart, such
receptacles will be considered to afford the necessary support
and spacing of the wires.

(6) Between receptacles more than one foot, but not more
than two feet apart, an additional non-combustible non-absorp-
tive insulator maintaining a separation and spacing equivalent
to those of the receptacles shall be used.

(7) Except as above specified, wires shall be kept apart at
least 214 inches for voltages up to 300 a:nd four inches for
higher voltages.

(8) Metal-troughs shall be weatherproof and other details

shall comply with such requirements of Orders 1340-1346, in-

elusive, as apply, and Order 1375.

{(b) Sockets and Receptacles.

(1) Sockets and receptacles shall be of the keyless weather-
proof type and wire connections shall be soldered.

(2) Miniature base deviees shall not be used.
(e) Cabinets.
(1) Cut-outs, switches, flashers, transformers, and similar

appliances shall be of proper types and shall be installed as re-
quired for such appliances.

(2) Outside of building, such equipment shall be installed

in weatherproof cabinets, or separate weatherproof compart-

ments of the sign.

(d) Switches. Outline lighting shall be protected by switches
which digeonnect all conduectors. (See also Order 1350.)

Order 1366. 8igns, (For size of fuses required see Order
1352.) '

(a) Switches. Electrie signs, located as noted in (e) below
shall be provided with switches, whieh disconnect all feed wires
of the sign, and which shall be either located within sight of the
sign or arranged so that they ean be locked. in the open
position.

Note: It is recommended that where the capacity of the sign ex-
ceeds 15 amperes, a switch which will disconnect all wires be mstalled
on the outside, within 7 feet from the ground.
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(b) Connectors,

(1) Electric signs with changeable connections shall be so ar-
ranged that the changeable connections can be changed manually
only by connectors in which all poles of the cireunit are simul-
taneously interrupted. _

(2) All current-earrying parts of pin-and-socket connectors
shall be provided with gunards, so as not to be exposed to contact.
(e) Accessibility and Guarding. '

(1) Electric signs, any parts of which are at an elevation
greater than 30 feet above the ground, or at an elevation above
a roof greater than the distance from the edge of the roof, shall
be provided with substantial safely aceessible runways, ladders

~ or platforms from which all replacements and other necessary ad-

Justments can be made. Provision for supporting workmen hy
safety belts shall be made in the construetion and maintenance
of signs so located. '

(2) Electrie signs outside buildings shall have no current-
carrying parts normally exposed to contact.

(3) The exposed noneurrent-carrying metal parts of a sign
shall be grounded if within reach of any grounded surfaces, in-
cluding metal work of the building structure.

Order 1367. Heating Devices. (See also Order 6037, General
Orders on Fire Prevention and Order 1852.)

(a) Flexible Cord.
(1) Flexible cords for smoothing and pressing irons, and

"for all heating devices requiring over 250 watts shall be of the

packing-house type in damp places, and of the electric-heater
type (rubber and ashestos covered) in dry places.

(b) Guarding. Stationary heaters, such as radiators, ranges,
plate-warmers, etc., shall be so located as to furnish ample pro-
tection between the device and surrounding combustible material.

Order 1368. Electric Furnaces and Welders. (See also Ovder
46, General Orders on Safety, and Order 1352.)

(a) Inclosure Required. Eleetric furnaces and apparatus used
for are welding, where intensely glowing, incandescent, or areing
parts are exposed shall be inclosed, so that those parts will not
be readily accessible or visible to unauthorized persons, and
warning signs shall be displayed.
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(b) Proiective Hoods, Goggles, ete., Required, Suitable pro-
tecting sereens, hoods, goggles, gloves, and other devices shall
be provided for the authorized operators who must work or
come near such exposed parts. :

(¢) Guarding. Except at points where necessarily left ex-
posed (as at spot welder contacts) all current-earrying parts
of furnaces, welders, and control equipment shall be suitably
guarded with inclosures or barrier guards.

SECTION 137. THEATERS, MOTION-PICTURE HOUSES,
PICTURE MACHINES

(Order 1310-—b-2 requires conduit, armored cables or metal
raceways in theaters.)

Order 1370, Special Requirements.

In addition to complying with the other orders of this code, all
wiring and electrical equipment of theaters shall comply with the
following special orders (1871-1379 inclusive): (See Orders

5500 and 5501 of Building Code given in Appendix E.)

Order 1371, Service. (See also Seetion 132.)

(a) Independent Supply and Bramch Lines for Emergency
Lighting.

(1) Electrical emergeney lights, ineluding all supply and
branch lines, shall be entirely independent of the other lights
and electrical equipment of the theater.

Note: By “emergency lights” are meant exit lights and lighting in
lobbies, stairways, corridors, and other portions of the theater, to
which the public have access, which are normally kept lighted during
the performance.

(2) Where it is practicable to obtain energy from two
separate street mains, two separate and distinet services shall
be installed. Ome of these services shall be of sufficient capacity
to supply current for the entire electrical equipment of the
theater, including possible additional portable load, while the
other service shall be at least of sufficient eapacity to supply cur-
rent for all emergency lights.

(3) Where it is not practicable to obtain energy from two
separate street mains, the feed for emergency lights shall be
taken from a point on the street side of the main service fuses.
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(4) Where the source of energy is an isclated plant within
the same building, an auxiliary serviece of sufficient capacity
to supply all emergeney lights from some outside source or a
suitable storage battery within the premises shall be installed.

Order 1872. Fusing and Control of Exit Lights,

Emergency lights shall not have more than one set of fuses
between them and their gervice fuses, shall be fed independently
of the stage lighting, shall be controlled only from the lobby or
other convenient place in the front of the house, and fuses and
control shall be aceessible only to authorized persons.

Order 1373. Dressing Room Lamps. a

All pendant lights shall be equipped with armored cable, or
steel armored flexible cord, and shall be provided with guards
which are sealed or locked in place.

Order 1374, Switchboards.

(a) Construction and Guarding.

(1) Stage switchboards shall be constructed as required by

Order 1142, Section 114 of Part 1, and in addition shall be of
the ‘‘dead-front’’ type so that the operator is at all times pro-
teeted against’ any possibility of contact with live metal parts.

(2) Stage swichboards shall have a metal hood over the top
running the full length of the board and fully protecting same
from anything falling from above.

(b) Dimmer Switches. Switches controlling eireuits of which
dimmers form a part shall be arranged to disconnect the dimmer
completely, except that on three-wire mains with grounded
neutral the neutral shall be run through to the dimmer without
a switch in it. :

(e) Dimmers to be Inclosed. Dimmers shall he placed in a
well ventilated non-combustible inclosure, accessible only to
qualified persons.

Note: A fireproof chamber is recommended.

Order 1375. 8tage Wiring,

(a) Plug Receptacles.

(1) Plug receptacles for arc and ineandescent lamps shall be
different, so that are lamps cannot be connected onto an in-
candescent lamp receptacle and viee versa.
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(2) Plug receptacles shall be controlled from switehboard
only, :

(3) Plug receptaecles shall not be rated at less than 35
amperes for are lamps, and 15 amperes for incandescent lamps.

(4) Plug receptacles shall be wired to full capaeity, but in
no case shall a wire smaller than No. 6 A. W. G. be used for
are lamps, nor smaller than No. 12 A, W. G. for incandescent
lamps.

(b) Footlights, Borders and Proscenium Sidelights. (See also
Order 1352.) .

(1) The lamp receptacles shall be inclosed in approved
outlet boxes or mounted in approved footlight sections con-
structed of sheet iron or steel, of a thickness not less than No.
20 U. 8. Sheet Metal gauge, and treated to prevent oxidation.

(2) Cables for borders shall he of the stage cable type (see
also Order 1346—d-3) and shall be suitably supported to pre-
vent mechanical strain at commections and abrasion to cable.
Conduit eonstruction shall be used from switehboard te point
where cables must be flexible to permit raising and lowering of
border,

(3) For the wiring of footlights, borders and proscenium
sidelights, wire with slow-burning insulation shall be used.

(4) Borders shall be suspended by wire rope and shall be
insulated therefrom by at least one strain insulator inserted in
each rope at the border. el

(5) Borders and prosceninm sidelights shall be provided with
suitable guards to prevent scenery or other combustible mate-
rial coming in contact with lamps.

(e) Sirip end Bunch Lights.

(1) Strip and bunch lights shall have lamp receptacles in-
closed in outlet boxes or mounted in ineclosures of sheet iron

" or steel, of a thickness not less than No. 20 U. S. Sheet Metal

gage, and treated to prevent oxidation.

(2) The cables supplying strip and bunch lights shall be
tubed in a suitable manner where passing through the metal
and shall be secured to prevent excessive strains from coming
on the wire connection and the connections to the lamp reecep-
tacles shall be soldered.

(d) Scene Docks. Where lamps are installed in seene docks,
they shall be so located or guarded that they will not be liable to
mechanical injury.
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(e} String and Festoon Lights.

(1) String and festoon lights shall be made up of proper
fittings for such use. Joints and splices in wires shall be sol-
dered and taped and staggered.

(2) Where lamps are used in lanterns or similar deviees.
effective guards shall be used.

() Special Electrical Effects.

(1) Bracket fixtures used for lights on scenery shall be
securely fastened in position and have inclosed wiring. Fixture
stems shall project three inches beyond the back of seenery and
have terminal bushings.

(2) Where devices are used for producing special effects
such as lightning, waterfalls, ete., the apparatus shall be so
constructed and located that flames, sparks, ete., resulting from
the operation cannot come in contact with combustible material.

Order 1376. Curtain Metors and Ventilating Flues.

(a) Cwurtain Motors. Curtain motors shall be of the incloged
type. (See also Order 1357.)

(b) Ventilating Flues.

(1) Where dampers for ventilating flues are released by an
electric device, the operating eircuit shall be normally closed.

(2) The magnet operating damper shall be wound to take
the full voltage of the cireuit from which it is supplied without
the use of a resistance device and must not heat more than nor.
mal for apparatus of similar construction. It shall he loeated
in a loft above the scenery and shall be installed in a suitable
iron box with tight self-closing door.

(3) Such dampers shall be controlled by at least two stand-
ard single pole switches mounted within iron hoxes provided

with self-closing doors without lock or lateh, and located, one-

at the electrician’s station and the other as designated.

Order 1377. Portable Equipment.

(a) Are Lamps.

(1) Arc lamps for stage effects shall each be in charge of
a competent operator, except that one operator may have charge
of two lamps when they are not more than ten feet apart, and are
$0 located that he can properly watch and care for hoth lamps.
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Note: Unless the two lamps are within arms reach of each other
and on the same level, one operator cannot properly watch and care
for both lamps. '

(2) Arc lamps shall be constructed of substantial materials
capable of withstanding hard usage, shall be properly venti-
lated but in a manner to prevent sparks from being emitted and
shall be eonstructed so that neither carbons nor live parts will
be brought into eontact with the metal casing during operation.

(b) Portable Plugging Bowzes and Connectors.

(1) Portable plugging hoxes shall be eonstructed so that no
eurrent-carrying part will be exposed, and each receptacle shall
be protected by fuses mounted on slats or marble bases and
inelosed in a fire-proof cabinet equipped with self-closing doors.
The bus-bars of portable plugging boxes shall have a carrying
capacity equivalent to that required for the total number of
receptacles, each receptacle to be rated at not less than thirty
amperes., The master cable supplying portable plugeging hoxes
shall be provided with approved terminal lugs.

(2) Pin plug connectors shall be so installed that the female
part of the plug will be on live end of cable, and shall be so
constructed that tension on the cable will not cause serious me-
chanieal strain on the connections.

(¢) Flexible Cords. Flexible cords used from receptacles to
arc lamps, bunches and other portable equipments shall be stage’
cable (see also Order 1346—d-3) except that for the purpose of
feeding a stand lamp, under conditions where cords are not
liable to severe mechanical injury, a reinforced cord may be
used, provided the protecting cut-out is fused for mnot over 10
amperes,

- Order 1378. Picture Machine Equipment and Booths—Thea-

ter Type.

(a) Compliance With Other Orders. For construction of
booths, ventilation, machines, flues, see Building Code, Part VI,
Section 18,

(k) ‘me'ps.
(1) Arc lamps shall be constructed entirely of metal of a

thickness not less than No. 24 T. 8. Sheet Metal gange, except
where use of insulating material is necessary, and shall be con-

.16
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structed in such a manner as to provide safeguards against
fire or acecident.

(2) Ineandescent lamps shall be inclosed in such manner as
to attain the same ends.

(¢) Wiring. All exposed wiring in the booth shall have slow
burning insulation.

(d) Switches. Bach lamp of a machine shall have a separate
switeh located in the booth.

(e) Equipment.

(1) Generators, rectifiers and other equipment for transform-
ing eleetrie current shall riot be placed within the booth.

_ Exception: If the booth is not less than 10 feet wide, by 19 feet
long, by 8 feet high, and all such equipment is inclosed in fireproof ma-
terial or thirty mesh wire screen, this requirement will be waived.

(2) Fuses, switches, flashers or other devices for control of
lighting or motors shall not be located within the booth.

Exceptions: (1) Switches and dimmers for auditorium and stage
lighting may be located within the booth and shall ecomply with Order

1374.

(2) Fuses and switches for picture machine equipment may be lo-
cated within the booth.

(f) Rheostats. Rheostats, transforming deviees or any sub-
stitutes therefor shall be of types expressly designed for the pur-

- pose.

Order 1379. Picture Machine Eguipment—Miniature Port-
able Type. (See also Order 5539 of Building Code.)

(a) Genmeral. All equipment including all attachments, cur-
rent-controlling devices, motors if any, and other parts employed

shall be constructed so as to minimize the hazards of operation, .

and to safeguard against fire or accident.

(b) Rating. The entire equipment shall consume not more
than 660 watts. ’

(e¢) Lamps. Lamps shall be construeted in such a manner as
to provide safeguards against fire or accident. .

(d) Control Apparatus. Rheostats, transformers, switches
and other similar current-controlling devices shall be attached to
and form a part of the machine and shall have no live parts
exposed.

ELECTRICAL CODE—ORDER 1880 243

SECTION 138. PUBLIC GARAGES
(For definition of public garage see Order 1310—b-2.)

Order 1380. Special Requirements.

In addition to complying with the other orders of this code
that apply, all wiring and electrical equipment of public garages
shall comply with the following special orders (1381-1383, in-
clusive). -

Order 1381, Wiring.

(Conduit, armored eable or metal raceways are required in all
public garages by Order 1310—b-2.)

(a) Wall Outlets.

Conduit, armored cable (see Order 1332—b) or metal race
ways (see Order 1333—a) shall be so installed that no outlet,
Junction box, wall receptacle, ete., will be located less than four
feet from the floor.

(b) PFloor Outlets. Floor outlets shall not be used,

Order 1382, Portables. (See also Order 1346—f£.)

(a) Flexible Cord.

(1) Flexible cords for portable equipment shall comply with
Order 1346—d-2.

(2) Flexible cords for pendant lamps shall comply with Order
1346—c-4. .

(3) Cables for charging purposes shall comply with Order
1346—d-3.

(b) Connectors.

(1) The portable cord shall carry the male end of an ap-
proved pin-plug connector, or equivalent device, the female end
being of such design or so hung that the connector will break
apart readily at any position of the cord. The connector shall
be kept at least four feet above the floor.

(2) Current-carrying parts of connectors shall be guarded
to prevent accidental contact. '

(3) Connectors for charging purposes shall have at least 50
amperes capacity and shall be so designed or so hung that at
least one will break apart readily at any position of the eable.
Live parts shall be guarded from accidental contact. The ﬁxed,
or wall connector shall be kept at least four feet above the floor.
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(e) Portable Hand Lamps. Portable hand lamps shall eom-
ply with Order 1346—m.

Order 1383. Location of Equipment,

(a) Switchboard and Charging Panels. Switehboards and
charging panels, at or upon which are mounted devices which in
operation may cause sparking, shall be located in separate room
or inclosure, provided for this purpese only, unless all such
sparking or arcing parts ave at least four feef above the floor
or surrounded by explosion-proof inclosure.

(b) Motors or Generators. Motors or generators not actually
a part of a vehicle, if not located at least four feet above the
floor, shall be of the explosion-proof type.

Crder 1384. Special Precautions.
(a) Location of Cutouts, Switches, efe. Cut-outs, switches
and receptacles shall be placed at least four feet above the floor.
(b) Hateh Limit Switches. Hateh limit switches of elevators
shall be located at least four fect above the lowest floor level.

SECTION 139. SIGNAL EQUIPMENT CONNECTED TO SIGNAL
LINES AND RADIO SIGNALING APPARATUS

Order 1390. Scope of Orders.

Orders 1391 and 1392 govern wiring and other protective
a.rra,ngeinents for telephone, telegraph (except radio signaling
apparatus) district méssenger and eall-bell circuits, fire and
burglar alarms, and all similar systems which are hazardous
only beecause of their liability to become ercssed with or sub-
jected to induced voltages from electrie light, heat or power cir-
euits, or because of exposure to lightning.

Orders 1393-1399, inclusive, govern radio signaling apparatus
and wiring.

Order 1391. Requirements for Wires and Cables Supported
on and Entering Buildings, Protectors and Interior Wir-
ing of 8ignal Equipment.

(a) Signal Wires on the Outside Walls of Buildings. Signal
wires on the exterior of buildings shall not come nearer than
four inches to supply wires, except when in conduit, unless
separated therefrom by a continuous andrﬁrmly fixed non-
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conductor to maintain permanent separation. This noncon-
ductor shall be 1n addition to the insulation of the wires.

(h) Imsulating Joint in Aerial Cables. Where metal sheathed
aerial eables, which are liable to contact with electric light or
power wires, enter a building the sheath shall be interrupted by
means of an insulating joint or by equivalent means placed im-
mediately outside the building.

Exception: Such insulating joint will not be required if the cable
sheath is permanently and effectively grounded, and to a water piping
system if it is available.

(e) Imsulation of Drop Wires. The wires from the last out-
side support to the entrance to building (see (f) below) and
wires attached to the outside walls of buildings shall have a
rubber insulation not less than 1/32 of an inch in thickness and
shall be covered by a substantial braid; on frame buildings or
frame portions of other buildings wires shall be inclosed in con-
duit or supported on glass or poreelain insulators, or knobs. (See
exception following 1391—f, see also exception following
1391—.) ]

(d) Entrance Bushings and Drip Loops. Wires shall enter
building either through non-ecombustible, non-absorptive insulat-
ing bushings or through rigid conduit. Bushings shall be installed
in a manner to prevent entrance of moisture to the building. Con-
duit shall be so placed as to prevent the entrance of moisture, and
fitted with an approved bushing or service head. (See exception
following 1391—f, see also exeeption following 1391—1i.)

Note: More than one wire may enter through the same bushing if
desired.

(e) Protector Required. Location. Signal wires shall be pro-
vided with an effective protective device (see (i) below) located
as near as practicable to the entranee of wires to building and in
a readily accessible place. The protector shall not be placed in
the immediate vicinity of inflammable materials, or where ex-
posed to inflammable gases, dust or flyings. (See also Order
1392—a-2 and exception to 1891—i.)

Exception: The protector required may be located at the cable ter-
minal pole from which the drop wires run to the building, if the drop
wires are free from liability to accidental contact with electric light
or power lines of over 250 volts, '

(£) Wires from Entrance to Buildings to Protectors shall be
inclosed in conduit or supported on poreelain insulators of a
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type and so spaced. that the wires will not make contact with other
objects or the surface wired over (see exception to 1391-—1).

Exception: When wires are carried in cables, Orders 1391, (c), (d),
and (£) do not apply. The cable may be of the metal sheath type with
conductors insulated with paper or other suitable material, or it may
be of non-metallic sheath type, in “‘which case the insulation on the
individual econductors shall conform to Order 1391—c, except that the
braid on individual conductors may be omitted.

(g) Protector Ground Wire. (See exception under Order
1391—.) ‘

The ground wire of the protective device shall be run in ac-
cordance with the following requirements:

1. It shall be of eopper and not smaller than No. 18 A. W. G.

2. Where cxposed to mechanical injury it shall be guarded
and on poles or where a ground wire on the outside of building
walls is near a roadway, sidewalk or pathway, it shall be pro-
tected for a distance of 8 feet from the ground by a wooden
moulding or by eonduit, which if of magnetic material shall be
electrically connected at both ends to the ground wire.

3. It shall have a rubber insulation of not less than 1/32 of an
ineh in thickness which shall be covered by a substantial braid.

4. Tt shall be run in as straight and short a line as practicable
to a permanent and effective ground.

(h) Protector Ground Connection. (See exception under
Order 1391—i.)

1. The permanent and effective ground called for in (g)
above shall be obtained by eonnecting to extensive underground
water or gas pipe systems, to a ground rod or pipe driven into
permanently damp earth, or to a metallic plate or other body
buried in permanently damp earth.

2. Connection shall always be made to water pipes where
practicable.

3. If attachment is made to gas pipe, the connection in all
cases shall be made between the meter and the street mains.

4. When the ground wire is attached to a water pipe or a
gas pipe it shall be connected by means of an effective ground
clamp fastened to a thoroughly cleaned portion of the pipe,
or the pipe shall be thoroughly cleaned and tinned with rosin
flux solder, and the ground wire wrapped tightly around the
pipe and thoroughly soldered to it.
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5. When the ground wire is attached to a ground rod driven

into the earth, the ground wire shall be soldered to the rod in
4 similar manner as specified in (4) above.
6, In all cases the ground wire shall be so attached to the
rod or pipe as to give a reliable connection both mechanieally
and electrically, and in such manner as to prevent eorrosion
when the joint is buried in the earth.

7. Where buried plate or other metal electrode is employed,
the ground wire shall be securely fastened to it in such manner
as to make a reliable electrieal and mechanical contact.

8. Steam or hot-water pipes shall not be used for a protector
ground.

(i) Requirements for Signal Protectors. The protector to be
approved shall eomply with the following requirements :

1. It shall be mounted on a non-combustible, non-absorptive
insulating base, so designed that when protector is in place all
parts which may be alive will be thoroughly insulated from
the surface on which the protector is mounted.

2. Tt shall have an arrester between each line wire and
ground and a fuse in each line wire. ’

3. The fuses shall be so placed as to protect the arresters.

4. The protector terminals shall be so marked as to indicate
clearly the ‘‘line,”’ ‘‘instrument’’ and ‘‘ground’’ terminals.

Exception: Orders 1391—e to i, inclusive, do not apply when the
entire circuit is run underground from the central station to the block
in which the building is located, provided the cireuit within the block

is so placed as to be free from liability of accidental contact with elec-
tric light and power wires of over 250 volts.

(i) Wires Inside Buildings.

1. Wires beyond the protector, or wires inside buildings
where no protector is used, shall be insulated, neatly arranged
and securely fastened in place, in a convenient and workman-
like manner,

2. They shall not come nearer than two inches to any electric
light or power wire in the building, unless inclosed in conduit or
separated therefrom by a continuous and firmly fixed noncon-
ductor ereating a permanent separation ; this nonconductor shall
be in addition to the insulation on the wire. (See also Order
1343—j-1.)

3. Where wires are bunched together in a vertical run within
any building, they shall have a fire-resistive covering suffi-
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cient to prevent the wires from carrying fire from floor to floor,
unless they are run either in non-combustible tubing or in a
fire-proof shaft having fire stops at each floor. i

4. Signal wires and supply wires may run in the same shaft,
provided that one of these classes of wires is run in non-com-
hustible tubing, or provided that when run otherwise these
two classes of wires shall be separated from each.other by at
least two inches. }

5. In mo case shall signal wires be run in the same tube or
terminate in the same hox with supply wires.

Note: Boxes provided with metal barriers separating the signal
from the supply wires will be acceptable, provided each compartment
has its own cover. X

(k) Transformers and Other Devices.

1. Transformers or other devices for supplying current to
signaling system from light, heat or power circuits shall be
of a design which will adequately protect the signaling system.

2. The primary wiring shall be installed in accordance with the
rules for electrie light and power inside wiring (Section 134)
and the secondary wiring in accordance with the orders of this
gection.

Order 1392. Other Protective Requirements for Equipment
Connected to Signal Circuits Exposed to Supply Lines or
Lightning.

(a) Guarding Noncurrent-Carvrying Parts.

1. Where telephone or other signal apparatus (not ineluded
under a-2 below) which must be handled by persons, i8 perma-
nently connected to overhead sigmal circuits exposed to light-
ning or to supply lines over 400 volts to ground, provision against
shock to persons handling apparatus shall be made by one of the
following methods :

(I) The use of suitable protective devices, such as fuses and arrest-
ers, and also for conditions of unusual exposure, drainage coils or
transformers or both. )

(II) The arrangement of apparatus in such a way that persons using
it will be obliged to stand on a suitably insulated platform, in a suitably
insulated booth or on other insulating surfaces. (The above applies
only where apparatus is accessible to none but authorized persons.)

(III) The arrangement of apparatus (on signal circuits exposed to
supply lines of more than 750 volts to ground) so as to have no exposed
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current-carrying parts, exceeding 2 square inches in area with which a
person is liable to come in contact and the use of suitable protective
devices, ineluding fuses and arresters or other means.

Fxception: Portable telephones need not be so protected.

2. Such signaling devices as fire and police alarm boxes and
telegraph test boxes, if connected to overhead signal cireuits ex-
posed to lightning or to supply lines over 400 volts to ground,
shall have the accessible noncurrent-carrying metal parts perma-
nently grounded wherever the character of service gives valid
objeetion to the use of arresters or transformers on the signal
cireuit. (See also b-3 below.)

Note: Police alarm signals, where connected to overhead police
alarm ecireuits, should be protected by arresters operating at 500 volts
to ground, placed in the connecting leads outside the box. Fire-alarm
boxes connected to overhead cireuits, if not protected by arresters,
should be provided with suitable insulating material between the cir-
cuit within and the exposed frame and operating hook, this insulation
to be capable of withstanding the highest voltage of the supply cir-
cuits to which the fire-alarm circuit is exposed up to 7500 volts.

(b) GQuarding Current-Carrying Parts.

1. Telephone or other signaling devices which are perma-
nently located outdoors or where exposed to corrosive fumes or
dampness (such as may occur in subways, cellars, basements,
laundries, stables, ete.) shall be so arranged that all ungrounded
current-earrying parts are so guarded as to be suitably protected
against breakdown of insulation under the prevailing atmos-
pheric conditions.

Note: The inclosing cases of signal apparatus provide suitable
guards if substantially built of metal or insulating materials.

2. Under the conditions of (1) above, cords shall be guarded
by shields of permanently grounded metal (such as metal ar-
mor) or of non-absorptive insulating material (such as flexible
insulating tubing) or shall have suitable insulating coverings
for the individual conductors.

3. Where no protective device is installed (permissible only
for fire alarm or similar apparatus or for apparatus not for
public use, where the character of the service precludes the
use of arresters and fuses) the shiclds of cords shall always
be of grounded metal or of special insulating material suitable
to withstand the highest supply cirenit voltage to which the
signal eireuit is exposed up to 7500 volts. (See also a-2 above.)
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(¢) Protection Agwinst Induced Voltages.

1. All telephone or other signaling equipment, which must be
handled by persons and which is conneeted to a line that paral-
lels a supply line in such manner that by reason of exposure to
the supply line under normal operating conditions more than 150
volts are induced between the terminals of the signaling equip-
ment and ground, shall be protected by one or more of the fol-
lowing methods:

(I) All exposed metal parts of the equipment shall be insulated
from the circuit, and the cireuit shall be protected by arresters having
a breakdown potential not exceeding one-half that of the insulation
between the above-named noncurrent-carrying metal parts and the
current-carrying parts. Cords shall have an additional insulating tub-
ing protection. -

(IT) All exposed noncurrent-carrying metal parts shall be perma-
nently grounded and all current-carrying metal parts shall either be
permanently grounded or adequately shielded. (See b above.)

(IIT) All equipment shall be so located that persons coming in con-
tact with the equipment shall be obliged to stand either on an insulated
platform or in a booth of suitable insulating material.

Order 1393. Wiring of Radio Signaling Apparatus.

In setting up radio signaling apparatus all wiring pertaining
thereto shall conform to the other provisions of this eode that
apply for the elass of work installed and to the following addi-
tional requirements: (See also Order 1300.)

Order 1394. Requirements for Radio Stations Which Receive

Only.
(a) Antenna.

(1) Antennae outside of buildings shall not eross over or un-
der electrie light or power wires of any cirenit of more than 250
volts nor shall it be so located that a failure of either antenna or
of the above mentioned eleetrie light or power wires ean result
in a eontact between the antenna and such electric light or power
wires, '

(2) Antennae shall be constructed and installed in a strong
and durable manner and shall be so located as to prevent ac-
cidental eontact with light and power wires by sagging or swing-
ing.

(3) Splices and joints in' the antenna span, unless made with
approved clamps or splicing devices, shall be soldered.
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Exception: Antenna installed inside of buildings are exempted
from all of the above requirements.

(b) Lead-in Wires.

(1) Lead-in wires shall be of copper, copper-clad steel or other
metal which will not corrode excessively.

(2) Lead-in wires shall not be smaller than No. 14 A. W. G.

Exception: Copper-clad stéel wire of No. 17 A. W. G. or larger
may be used.

(8) Lead-in wires on the outside of huildings shall not eome
nearer than four inches to electric light and power wires unless
separated therefrom by a continuous and firmly fixed noncon-
duetor that will maintain permanent separation. The noncon-

+ duetor shall be in addition to any insulation on the wire.

(4) Lead-in wires shall enter building through a non-com-
bustible, non-absorptive insulating bushing.

(e) Protective Device.

(1) Each lead-in wire shall be provided with an effective pro-
tective deviee properly connected and located (inside or outside
the building) as near as practicable to the point where the wire
enters the building. The protector shall be isolated from easily
ignitable materials or explosives, inflammable flyings or gases.

Note: (1) An effective protective device under this order would
be a lightning arrester which will operate at a potential of five hun-
dred (500) volts or less.

(2) The use of an antenna grounding switch, which when in its
closed position forms a shunt around the protective device, is recom-
mended. This switch should not have a slate base.

(d) Disconnecting Switch.

A switeh for disconnecting the receiving apparatus from the
antenna shall be provided. '

Note: This should preferably be a double pole switch which will
disconnect the apparatus from hoth the antenna and ground connection,

(e) Protective Ground Wire.

(1) The ground wire shall be of copper or copper-clad steel.
If of copper the ground wire shall be not smaller than No. 14
A. W. @ and if of copper-elad steel it shall be not smaller than
No. 17 A. W. G. The ground wire shall be run in as straight a
line as possible to a permanent and effective ground. Preference
shall be given water piping. Gas piping shall not be used for
grounding protective deviees.




252 INDUSTRIAL COMMISSION OF WISCONSIN

Note: (1) Other permissible grounds are grounded steel frames
of buildings or other grounded metallic work in the building and arti-
ficial grounds, such as driven pipes, plates, cones, etc.

(2) The ground wire may be bare or insulated.

(2) The ground wire shall be protected against mechanical
injury.

(3) An effective ground clamp shall be used wherever the
ground wire is eonnected to pipes or piping.

(f) Wires Inside Buildings.

Wires inside buildings shall be securely fastened in a work-
manlike manner and shall not come nearer than two inches to
any electriec light or power wire unless separated therefrom by
some continuous and firmly fixed nonconductor making a perma-
nent separation. This nonconductor shall be in addition to any
regular insulation on the wire.

Note: Porcelain tubing or approved flexible tubing may be used for
encasing wires to comply with this rule.

(g) Receiwving Equipment Ground Wire:

(1) The ground conductor shall be of copper, copper-clad steel
or other metal which will not corrode excessively under existing
conditions,

Note: This conductor may be either bare or insulated and may be
run inside or outside of building.

(2) The ground conductor shall not be smaller than No. 14
A W. G,

Exception: Copper-clad steel wire of No. 17 A. W. G. or larger may
be used.

(3) Receiving equipment ground wire may not be used as the
ground econductor for the protective deviee unless it is ingtalled
in the manner required by (e) above.

Order 1395. Requirements for Radio Transmitting Stations.

(a) Antenna.

Antennae outside of buildings shall conform to the require-
ments of Order 1394 —a.

(b) Lead-in Wires.

(1) Lead-in wires shall be of copper, copper-clad steel or
other metal which will not corrode excessively.

(2) Lead-in wires shall not be smaller than No. 14 A. W, G.
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(3) Antenna and counterpoise conductors and wires leading
therefrom to ground switch, where attached to buildings, shall
be firmly mounted five inches clear of the surface of the build-
ing, on non-absorptive insulating supports such as treated wooden
pins or brackets equipped with insulators having not less than
five inch creepage and air gap distance to inflammable or con-
dueting material,

Note: Where desired approved suspension type insulators may be
used.

(4) In passing the antenna or counterpoise lead-in into the
building, a tube or bushing of non-absorptive insulating matevial
ghall be used and shall be installed so as to have a ercepage amn
air-gap distance of at least five inches to any extraneous body. 1f
poreelain or other fragile material is used it shall be installed so
as to be protected from mechanical injury,

Note: A drilled window pane may be used in place of bushing, pro-
vided five (5) inch creepage and air-gap distance is maintained.

(e) Protective Grounding Switch.

(1) A double-throw kmife switech having a break distance of
four inches and a blade not less than one-eighth by one-half inch
shall be used to join the antenna and counterpoise lead-ins to the
ground conductor. i

Note: This switch may be located either inside or outside of the
building.

(2) The base of the switch shall be of non-absorptive, insulat-
ing material,

Note: Slate base switches should not be used.

(3) This switeh shall be so mounted that its current-carrying
parts will be at least five inches clear of the building wall or other
conductors and located as nearly as possible in a direet line be-
tween the lead-in conductors and the point where ground con-
neetion is made. :

(d) Protective Ground Wire.

(1) Antenna and counterpoise conductors shall be effectively
grounded at all times when the station is not in actual operation
(unattended) by a conductor at least as large as the lead-in and
in no case smaller than No. 14 A. W. G. copper or copper-clad
steel.

(2) The ground conduector from grounding switeh to ground
eonnection shall be securely supported and run to the same type
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of ground connection and in the same manner as required by
Order 1394—e.

Note: Ground conduector need not be insulated nor mounted on
insulating supports.

(e) Operating Ground Wire.

(1) The radio operating ground conduetor shall be of copner
strip not less than three-eighths ineh wide by one sixty-fourth
inch thick, or of copper or approved copper-clad steel wire hav-
ing a periphery or girth (around the outside) of at least three-
quarters inch (for example, a No. 2 A. W. G. copper wire).

(2) The radio operating ground conduetor shall be firmly se-
cured in place throughout its length and protected and supperted
in the same manner as required for lead-in conduetors by Order
1394—b,

(f) Operating Ground.

(1) The operating ground conductor shall be connected to a
permanent and effective ground.

(2) This ground and ground eonnection shall conform to
Order 1394—e.

{(g) Power from Street Mains,

(1) When the current supply is obtained directly from street
mains, the circuit shall be installed in metal conduit, armored
cable or metal raceways.

(2) If lead covered wire is used it shall be protected through-
out its length in metal conduit or metal raceways.

(h) Protection from Surges.

(1) In order to protect the supply system from high-potential
surges and kick-backs there shall be installed in the supply line as
near as possible to each radio-transformer, rotary spark gap,
motor in generator sets and other auxiliary apparatus one of the
following : '

1. Two condensers (each of not less than one-half microfarad ca-
pacity and capable of withstanding a 600 volt test) in series across the
line and mid-point between condensers grounded; across (in parallel
with) each of these condensers shall be connected a shunting fixed
spark-gap capable of not more than one-thirty-second inch separation.

2. Two vacuum tube type protectors in series across the line with
the mid-point grounded.

3. Non-inductively wound resistors connected across the line with
mid-point grounded. :

4, Electrolytic lightning arresters such as the aluminum ecell type.
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(2) In no case shall the ground wire of surge and kick-back
proteetive devices be run parallel with the operating ground wire
when within a distance of thirty feet.

(3) The ground wire of the surge and kick-back protective de-
vices shall not be connected to the operating ground or its ground
wire,

(1) Suitable Devices.

Transformers, voltage reducers, keys, and other devices em-
ploved shall be of types suitable for radio operation.

APPENDICES OF PART 3

Appendix C. Determining Bequired Size of Conduat.

For combinations of wire not shown in Tables 1, 2 and 2A of
Order 1331 the following method may be used to determine the
proper size of conduit :

For a proper installation the combined cross sectional area of
the conductors in a econduit may not exceed 40 per cent of the
inside cross sectional area of the conduit. From Table 1 the
area of any size wire may be obtained, and from Table 2 the area

of any size eonduit,

Hrample: Find size of conduit required to accommodate 2
No.12 and 2 No. 10 A. W. G. wires.

Area of a No. 12 wire is .038 square inches

Area of a No. 10 wire is .049 square inches

Therefore (2 < .038) 4 (2 ¢ .049) = .174 square inches,

T'rom Table 2 it will be found that 40 per eent of the area of a
one-half inch conduit is .122 square inches and hence would be too
small. It would then be necessary to use a three-quarter inch
conduit, although it is somewhat larger than absolutely necessary.

TABLE 1—WIRES IN CONDUIT. DIMENSIONS OF RUBBER-
COVERED WIRE

RO CIOE RS I S = B

Wire Area Wire Area Wire ~ Area
14 .031 225,000 C, M. 55 1,000,000 C, M. 1.7
12 .038 250.000 C. M. .68 1,100.000 C. M. 2.0
10 049 300.000 C. M. .69 1,200,000 C. M. 2.1
8 .06 350.000 C. M. 7 1,250.000 C, M, 2.2
i .13 400,000 C. M. .83 1,300,000 C. M. 2.2
5 15 450.000 C. M. .02 1,400.000 C. M. 2.4
4 A7 500,000 C. M. 99 1.500.000 C. M. 2.5
3 19 550.000 C. M. 1.11 1,600.000 C. M. 2.6
2 .21 600.000 C. M. 1.19 1,700.000 C, M. 2.7
1 .27 630.000 C. M. 1,27 1,750,000 C. M, 2.8
0 .31 700.000 C. M. 1.33 1,800,000 C. M. 2.8
00 .36 750.000 C. M. 1.39 1.900.000 C. M. 3.0
0on 42 800,000 C, M. 1.45 2,000,000 C. M. 3.14
Qooo .49 850.000 C. M. 1.54
900, 000 C. M. 1.60
950,000 C. M. 1,68
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TABLE 2—DIMENSIONS TN CONDUIT

Conduit Area 40% of Area Conduit Ares 409 of Area

¥ .306 .122 3 7.34 2.93
3 616 .208 3e 9.94 3.97

1 848 339 4 12.7 5.08

114 1.49 506 4ls 15.9 6.36

114 2.03 812 5 19.4 7.96

2 3.82 1.328 L] 28.8 11.52

215 4.75 1.9 s

Appendiz D. Motor Wiring Tables.

1. Alternating Current Motors,

To assist those responsible for the seleetion of the proper sizes
of wires and the proper sizes of fuses or cirenit breakers for pro-
tecting the wires to a single alternating-current motor, operating
under normal conditions, wiring tables are given herewith.

The tables® are based on the following assumptions as to size
of fuse required to withstand the starting eurrent without blow-
ing:

Times Full Load
Current at

Type of Motor 1
H Starting

Single-phase, repulsion-induction; without rheostab.....................
Single-phase, repulsion-induction; with rheostat. . ..

Single-phase, split-phase (thrown directly across line)
Pnly-pll’msc, slip-ring wound rotor..................
Poly-phase, squirrel-cage (with approved auto-starter). i
Poly-phage, squirrel-cage (thrown direetly acrossline)..................

©F B3 G0 B D0

ocomoco
Socunooo

The current values used in these tables are the average current
values of motors of different types, all frequencies and standard
speeds. Therefore, a variation of 10 per cent higher or lower may
be expected. For slow speed motors (less than 700 r. p. m.),
wire or cable one size larger than size given in tables will, in the
majority of cases, meet the requirements. Voltage drop is not
taken into consideration in these tables. Therefore, where long
runs are involved wire sizes must be sufficiently increased to limit
drop to a safe amount,
m“mhles (1-5, inclusive), were prepared by the Committee on

Installation and Operation of Induction Motors of the Western Associ-
ation of Electrical Inspectors,
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TABLE 1—8SINGLE-PHASE (SPLIT-PHASHE TYPE) INDUCTION MOTORS

Size of Wire or
able

Running Fuse - **Rubber, Var-

H P Full Load Starting Fuse Amperes nished Cloth or
Amperes Amperes Other Insulation

110 V. 220 V. 110 V. 220V, 110 V. 220V. 110 V. 220 V.
* Vi 6.8 3.4 20 10 10 5 12 14
o 14 7 40 20 20 10 8 12
*2 24 12 70 40 30 15 6 8
*3 34 17 100 50 45 20 3 8
*5 53 26 160 80 65 35 0 5
#7135 84 42 250 125 100 50 000 2
*10 108 54 325 160 135 70 0000 2

*Motor thrown directly across line; no
**Varnished cloth insulate_d wires smaller than No, 6 may not be used.

resistance starter used.

TABLE 2—SINGLE-PHASE (REPULSION-INDUCTION TYPE)
INDUCTION MOTORS :

Size of Wire or Cable

Running Fuse #¥Rubber, Varnished
H. P Full Load Starting Fuse Amperes Cloth or other
Amperes Amperes Insulation
110 V. | 220 V.|440 V.| 110 V. [220 V.[440 V.[110 V.|220 V.|440 V.| 110 V. | 220 V. [440 V. .
3.4 10 10 10 10 ] 12 14 14
6 20 10 15 10 5 8 12 14
12.5 35 20 30 15 10 i} 8 14
16 50 25 40 20 10 3 8 12
26 80 40 65 35 20 1 5 8
38 a0 50 100 50 25 0 4 8
49 100 65 125 65 36 a0 3 6
70 140 75 180 90 50 200,000 1 5
100 200 100 | 250 125 §5 1300,000 ] 3
120 240 120 |...... 150 000 2
146 300 150 |...... 180 1
.|197 400 | 200 )...... 250 0
234 470 | 240 |...... 2890 000

*Motor thrown directly across line; no resistance starter used.
**Varnished cloth insulated wires smaller than No. 6 may not be used,
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TABLE 5
| TWO-PHASTE (4-WIRE), 2,200-VOLT INDUCTION MOTORS

H. P Full
Load Amps.

Size of
‘Starting Pro-
tection Amps.

Size of
Running Pro-
teetion Amps.

Size of Wire or

Cable Rubber or

Varnished Cloth
Ingulation®

ot

SERSRomsmmewem
&hbmwmawmmmcw

o 00 b
g

‘ ‘ THREE-PHASE (3-WIRE),

2,200-VOLT INDUCTION MOTORS

Size of Wire or
Size of Size of Cable Rubber or
| ' H. T Full Starting Pro- Running Pro- Varnished Cloth
Load Amps. tection Amps. tection Amps. Insulation®

1.6 5 3 14
2.4 10 5 14
3 10 5 14
| 3.8 10 5 14
5.1 15 10 14
6.4 15° 10 14

9.4 25 15 12

14 35 20 8
20 50 25 8
25.8 85 30 6
38.9 5 50 b
52 100 65 3
72.5 150 90 1
96.6 200 120 R
121 250 150 000
145 300 175 200,000

182 350 225 300,000 :

*Varnished cloth insulated wires smaller than No. 6 may not be used.
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The carrying capacity of a wire as given in Tables 3 and 3-A,
Order 1341—a-1, Section 134, Part 3 of the code, is based on the
assumption that the conductor will carry its rated current indefi-
nitely and in so doing will not rise in temperature above a pre-
determined safe value. However, where the current flows only
for a short period of time as in the operation of elevators, eranes,
spot welders, ete,, the current-carrying capacity of conductors,
as given in the code, can be safely increased. The current-carry-
ing capacities whieh have been found safe for different periods
of time are given in the accompanying table for all common sizes
of wire. Table 6* is based on the use of three rubber-covered
wires in conduit, with an ambient temperature of not more than
85° F. (35° C.), and for other installations at ambient tempera-
tures ranging from 85° to 125° F. (35° to 52° C.). Sufficient
time must be allowed between the application of eurrent to per-
mit the conductors to cool down to the ambient temperature.

TABLE (-—CURRENT-CARRYING CAPACITY OF CONDUCTORS FOR
INTERMITTENT SERVICE

Code Carryng Capacity, Amp., for 36
Size Conduit Deg. Fahr. Rlsle):
A.W. G for Three Carrying Actual
Conductors | Capacity, | Temp. Rise, | Indefi- Short Time in Minutes
In. Amp. Deg. Fahr. nite
Time 30 15 10 5
11 15 17 19 22 24 30
12 34 22 24 26 20 35
1020 34 27 30 35 40 45
Bl il 36 43 50 60 G5
[ A 1 52 60 73 80 105
Bolason. b, . L 00, 56 69 88 100 125
- ST 14 64 77 97 110 140
Bl 14 82 93 113 135 165
W 1ls 90 106 130 153 195
(L — 115 06 126 154 180 225
[1 SR 2 110 147 182 210 275
2-0....... 2 130 174 220 260 340
) Bl 2 150 213 270 320 420
200,000, ... fevennin.. ... 175 247 310 3585 480
Al 214 180 256 325 395 515
250,000 ... ouiriiin 205 297 375 455 585
300,000....... ' 238 345 435 535 690
350,000 2065 305 500 603 790
400,000 200 440 555 () 850
500,000 345 529 G60 800 1,000
600, 000 390 610 750 915 1,225
700,000 430 680 830 1,025 1,400
750,000 450 710 870 [ 1,080 1,450
800,000. . 465 745 905 | 1,120 1,523
900, 000 445 810 975 1,210 1,665
1,000,000.. ..... 4lg 525 870 1,040 | 1,295 1,800

* By Victor H. Tousley.
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There appears to be no fixed ratio that may apply to current
values in stator and rotor circuits of the wound rotor slip-ring
type of motor, but the eurrent values in both the stator and rotor

‘ e 5. i TABLE 8*
3 circuits are now indicated on the name plate of the motor. In
i i i istan rids and slip-
St;ele(}tltl)lg wz.ze ;ies for leads betweenfreilsta tee g ds: - t}I; Disst-Cunant Mot s Phao . .
8 n e axlmum Fermissible otors aximum
| rings be g}n ed by f:he current value ol the rotor circuit, a : ATgT GRWHRID T Dot
sgfe carrying capacity of Tables 8 and 3-A, Order 1341—a-1, Sec- . ;
‘tion 134, Part 3 of Code. 10Y. 220 V. 20V, | 4e0V. (|
2. Direct Current Motors. i = |
Although the caleulations for wire sizes for direct-current mo- R T G e e it oy s 2 T ‘
i _ ; - X ST WA DA e A v i i ‘
tors are more readlly and more qulckly made on ‘the JOb, a s1m- 1g ig g; %g gg
ilar table of wire sizes to supply a single direct-current motor is i ey es et b i o 2
very convenient and is here given: O ol on i % i
TR R e R 13 27 39 78
| ‘ S R R e e 17 33 49 07
TABLE T*—DIRECT-CURRENT MOTORS - 0o, 20 40 59 117 |
000, 23 47 08 137 {
2500338' gg 80 88 176 [
: |
‘ Full Toad Fase Capacity Size of Wire or Cable 300,000 :' 37 '?; 1{;5 %?g | |
Running Current Amperes See Note 360,000 ¢. m, 40 80 117 234 |
‘ 400,000 ¢. m. 43 87 127 254
H.P. gggggg c.m. P 106 156 312
s 201 N kS VA R R 6 12 1 59
' uov. |220v. [s50v. | tov. | 220v. | ssov. | 10V, | 220V, | 550V CR0L000 6t o 13‘3’ o &
| 800,000 bz ', i1 EI L LT It LT BT 73 147 215 30
‘ " gggggg SIS A8 £ Ve S o At 0 5 80 160 234 408
saftoam | (o ol e | ] el | 1 1,200,000 ¢ m Tyl TR 15 350 5%
9 4.5 15 10 10 5 14 14 14 1,200,000 €. m. ..o 97 195 285 57
! 17 8.5 3.5 25 15 5 10 14 14 1,800,000 ¢.m.. .. L. L. Ll 103 205 301 602
[ 245 | 125 5 35 20 10 8 12 u 0y AODL000 O Y. v oo rmiens o e 108 216 316 633
I 40 20 50 25 15 ] 10 14 100,000 6 6L Lo L L 113 237 339 664
w 59 29 1.5 70 35 15 4 8 14 1,600,000 e.m...........oo.L 119 237 348 605
| 78 39 15.5 100 50 20 1 8 12 17007000 . L bt eha st b G s i b 124 248 3063 727
95 48 20 125 70 25 0 4 10 T, 800000 80 Mitss wvir i s i i vssss i 129 250 378 757
‘ s B %z; 1 7 2O o S0, 4 8 L800,000 6.0 135 260 304 780
3 i i 8 20 2 5 o z 8 ;000,000 ¢, m.. ... " i ; 140 280 410 820 |
| | 230 115 48 275 150 70 | 300000 o 4
| | §31 gg g% iﬁg %{7)2 gg ggg:gog 200,000 3 “Prepared by Department of Gas and Hlectricity of the City of Chicago, I
378 185 78 450 | 225 90 | 600,000 0000 2 [
748 374 150 900 | 450 [ 200 |1,700,000 | 600,000 | 200,000 .
|
Note: Rubber, varnished cloth or other insulation. Varnished cloth ) .
wires smaller than No. 6 may not be used. ! :
3. Size of Wires for a Group of Motors.

| The maximum horse-power that should be grouped upon any
maing or branches supplying a group of motors is given in the
following table: ' ; . |

*Prepared by Wisconsin Inspection Bureau.
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Appendiz E. Extracts From Building Code
PART III—GENERAL REQUIREMENTS.

SeEcrioNn 10—LirguTs.

Order 5224. Oil lamps shall not be used when gas or elec-
tricity is available, except in private apartments,

Gas and oil lights shall be placed at least 6 feet above the floor
level, at least 6 inches from any combustible partition or wall,
and at least 2 feet (measured from top of flame) below any com-
bustible ceiling unless properly protected by a metal shield with
at least 2 inches of air space above. Swinging brackets shall be
provided with a guard or stop so that the light canmnot come
nearer to the partition or wall than one foot. In aisles and pub-
lic passageways, every such light shall be protected by an incom-
bustible guard unless the light is at least 6 feet above the floor.

Note: Especial care should be taken to prevent curtains or draperies

from coming into contact with a flame. Gas and oil lights should be
kept at least two feet away from any door or window where curtains
are used.

Every gas supply main shall have a service cock outside of the
building, so placed and maintained that it can be shut off at any
time without entering the building.

See also Orders 5410, 55629—31, 5715.

Note: Most large cities now require a specially, designed cock
which does not become clogged with rust or ice, and which can easily
be located and shut off by the firemen. This is very desirable, as many

small fires have become serious through the breaking of gas pipes in
the building.

SecrioNn 11—HErLeeTricAL WORK,

Order 5225. All electrical work shall conform to the Wis-
consin State Klecetrical Code, comprising General Orders 1000-
1499, inclusive, of the Industrial Commission.

Order 5255. Artificial Light. Every toilet room (exeept in
a private apartment) shall be artificially lighted during the en-
tire period that the building is oceupied, wherever and whenever
adequate natural light is not available, so that all parts of the
room are easily visible.

ELECTRICAL CODE—APP. E 265.

PART V-—FACTORIES, OFFICE AND MERCANTILE BUILDINGS.

SEcrioN 5—LigHTING,

Order 5410. All passageways and stairways when used at
night shall have lights at the head and foot of each flight of stairs;
and at the intersections of all corridors and passageways. Where
‘B fire escapes are required, such fire escapes shall be lighted
whenever the stairways are required to be lighted. For red exit
lights see Order 5132,

All gas jets or gas lights in factories or workshops where com-
bustible material is used, shall be properly enclosed by globes or
wire cages, or otherwise properly guarded. See also Orders
5224, 5225.

Note: For further requirements on lighting see Industrial Lighting
Code for Factories, Mills, Offices, and other Work Places issued by the
Industrial Commission.

-

SuerioN 8—FIRE ALARM.

Order 5413, An approved fire alarm system shall be pro-
vided in every factory or workshop where more than 10 persons
are employed above the second story, except buildings which are
provided with a complete automatic sprinkler system, and exeept
fireproof buildings whose contents are practically incombustible.

PART VI-THEATERS AND ASSEMBLY HALLS.

SecTi0N 1 —CLASSIFICATION.

Order 5500. Theaters. This classification includes all build-
ings or parts of buildings used for theatrical, operatie, or motion
picture performances of a public nature, except as provided in
the following order, '

Order 5501. Assembly Halls. This classification ineludes
all buildings or parts of buildings not included under ‘“theaters,’’
where 100 or more persons assemble for entertainment, instrue-
tion, worship or dining purposes.

A private assembly hall is one built in eonnection with a school,
club, church, or society building, and used only for private gath-
erings, and not rented for public nse. Every other assembly hall
is a public assembly hall.

Oceasional private motion picture performances may be given
in a private assembly hall, but in all such cases a fireproof booth
must be provided according to Orders 5538-5546.
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Occasional private theatrical or operatie performances may be
given in a private assembly hall; but in all such cases the stage
must be protected as in Orders 5519-26, 5533-34.

Oceasional motion picture or theatrical performances (not

"over twice a week) may be given in a public assembly hall which
is located on the first floor, accommodates not over 300 persons,
and is situated in a community of not over 500 population hav-
ing no regular theater; in all such cases a fireproof booth must be
provided and the stage must be protected as in Orders 5519-5526,
5533, 5534, 5538-5546. No place of assemblage shall be located
over any such assembly hall,

SecrioN 10—STAGE,

Order 5524. Footlight Trough. The footlight trough shall
be made of inecombustible material.

. .
Sgperion 14—LagHETs.

Order 5529. Oil and Gas. (See also Order 5224.) No oil
lamp shall be used in or about any stage containing scenery.

No gas lighting of any kind shall be used on any stage contain-
ing scenery, nor in any property room, storage room, scene dock,
or fly gallery, except in localities where electricity is not avail-
able. Gas fire used for heating water, ete., shall be enclosed in
iron jackets. B

Note: For theaters where outside electric current is not available, a
private electric plant is strongly recommended.

Order 5530. Exit Lights: Theaters. Hxit lights shall be

provided over all exits (both usual and emergeney) and in such
other places as may be necessary to direct the audience, per-
formers, and employes to a street or alley. Such exit lights shall
be either '

(1) Electric lights. (See Order 5225, and special require-
ments for theaters in the Wiseonsin State Eleetrical Code.)

(2) Candles, or oil lamps using non-volatile oil and floating
wick ; such lights shall be properly shielded from drafts and from
adjacent woodwork or other combustible material.

Note: If such candles or oil lights are used, the management must,
of course, be particularly careful to see that the lights are properly
maintained and lighted before every performance.

Every light over an exit (both usnal and emergency) shall be
provided with a red illuminated sign bearing the words “exit?’
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or ‘‘out’’ in plain letters at least 5 inches high, or a similar sign
shall be placed below a red light.

All public parts of the theater (except the auditorium), and
all exit lights, shall remain lighted thro'ughout every perform-
ance and until the audience has left the building.

Order 5531. Exit Lights: Assembly Halls. Every assem-
bly hall in which the auditorium is not kept lighted througheout
every performance or entertainment, shall be lighted the same
as requirved for theaters. (Order 5530.)

In all other assembly halls, all stairways, passageways, and
exif doors shall be properly lighted and shall remain lighted
throughout every performance or entertainment and until the
audience has left the building. Emergency exit doors shall be
marked with red lights as in Order 5132.

SEcTioN 16—F1RE PROTECTION.

Order 5536. Fire Alarm. Every theater which accommo-
dates more than 1,000 persons shall have a fire alarm box on the
stage.

Section 18—Morion ProTure MAcHINES AND BooTHS,

. Order 5543. Electric Wiring. All exposed electric wiring
in the booth shall have an approved slow burning insulation.
Each lamp connected with a picture machine shall be provided
with a separate switeh located within the booth.

PART VII—SCHOOL BUILDINGS, LIBRARIES AND MUSEUMS.

Secrron 12—LiIgHTING.

Order 5620. Artificial Lighting. Fach classroom of stand-
ard size (32 feet long by 23 feet wide) ghall be equipped with at
least six artificial lighting units symmetrically spaced.

Where electric service is available at least one ecireuit of 15
amperes capacity (see Wisconsin State Electrical Code) shall
be supplied to each standard classroom.

See Orders 2181 to 2189, inclusive, of the School Lighting Code
issued by the Industrial Commission. i

SwerioN 14—TF1RrE ALARMS.

Order 5622, Every building two stories or more in height
shall be provided with a proper alarm or gongs which can be op-
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erated from any story, including basement, and can be heard
throughout the building. - Sueh alarm system shall be tested at
least once a week.

PART VIII—APARTMENT HOUSES, HOTELS AND PLACES OF
DETENTION.

SectioNn 6—LigHTS,

Order 5715. In every building which accommodates more
than 4 families or 80 persons, and in every building which ac-
commodates transients, the publie passageways and stairways and
exit doors shall be illuminated from one hour after sunset to
one hour before sunrise. This illumination shall include lights at
all intersections of passageways, at all exits, and at the head and
foot of every stairway. The lights at emergency exit doors shall
be red lights and shall be accompanied by a sign bearing the
words ‘‘exit’’ or ““out,’”’ in plain letters.

See also Orders 5224, 5225, and 5132.

SuerioNn 16—F1RE ALARM.

Order 5727. In every building which accommodates 20
or more transients, there shall be a proper alarm or gongs which
ean be operated from any story and ean be heard throughout the
building. Every such alarm system shall be tested at least once
every week.

Appendiz F. Dry Cleaning Hstablishments

Statutory regulation of the wiring of new dry cleaning estab-
lishments is eontained in Section 167.21, subsection 2, paragraph
(i) of the Wiseonsin Statutes for 1923, which reads as follows:

¢“(i) The lighting of such cleaning and dyeing rooms shall be
secured only by keyless socket, incandescent electrie lights with
globes or bulbs in vapor proof receptacles. All switches, cut-
offs or fuses used in the installation and operation of such lights
shall be located and operated from the outside of such cleaning
and dyeing rooms. All interior clectrical equipment. must con-
form with the most advaneed approved standards of the art at
the time of installation.”
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Appendiz G, Eaxtracts From Industrial Lighting Code

Order 2113. Shading of Lamps for Overhead Lighting.

Lamps suspended at elevations above eye level less than one-
quarter their distance from any position at which work is per-
formed, shall be shaded in such a manner that the intensity of
the brightest square inch of visible light source does not exceed
seventy-five candle-power.

Exception: Lamps suspended at greater elevations than twenty
feet above the floor, are not subject to this requirement.

Note: Glare from lamps or unduly bright surfaces produces eye
strain and increases the accident hazard. y

The brightness limit specified in this order is an absolute maximum,
Very much lower brightness limits are necessary in many interiors il-
luminated by overhead lamps, if the illumination is to be satisfactory.
In some cases, the maximum brightness should not exceed that of the
sky (1.5 to 3.0 candle-power per square inch).

Where the principal work is done on polished surfaces, such as pol-
ished metal, celluloid, varnished wood, etc., it is desirable (but not
mandatory at present) to limit the brightness of the lamps in all
downward directions to the amount specified in this order.

Order 2114. Shading of Lamps for Local Lighting,

Lamps for loeal lighting shall be shaded in such manner, that
the intensity of the brightest square inch presented to view from
any position at which work is performed, does not exceed three
candle-power. i

Note: .In the case of lamps used for local lighting, at or near eye
level, the limits of permissible brightness are much lower than for
lamps used for overhead lighting, because the eyes are more sensitive

to strong light received from below, and because such light sources
are more constantly in the field of view.

Order 2116, Emergency Lighting.

Emergency lamps shall be provided in all work space aisles,
stairways, passageways, exits, and on all ‘“B’’ fire escapes (three
feet and four inches wide—See Building Code), to provide for
reliable operation when, through accident or other cause, the
regular lighting is extinguished. Emergency lighting systems;
including all supply and branch lines, shall be entirely independ-
ent of the regular lighting system and shall be concurrently in
operation with the regular lighting.
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Note: It is the intention of this order to guard against accident
‘due to the failure of the regular lighting system, by providing suffi-
cient illumination to enable the occupants to.

1. Avoid contact with moving machinery and other danger pomts
until the regular lighting is again put in operation,

2. To vacate the building safely and expeditiously when tIrus is nec-
egsary because of fire or other causes. i .

Emergency lighting may be installed in wvarious ways. - The method
to be employed depends upon the size of the premises, the extent of
the hazards of employment, and the means available for supplying
such emergency hghtmg )

Order 2117, Sw1tchmg and Controlling Appa,ra,tus.

Switching or econtrolling apparatus shall be so placed:-that at
least pilot or night lights, which may be'part of the@mergency
lighting system, may be turned on at one or more easily accessible
points, All such apparatus sh'allrb'e plainly labeled for iejenﬁiﬁ-
cation. - ' ' ook :

Note: .. The purpose of ‘this order is to make it possible for the night

watchman or other qualified persons to turn on enough lamps, when
entering any portion of the premises at night, to enable them to safely
see their way around without the need 'of a lantern or flashlight.

- Appendiz H. Hziracts, F?‘(}m Schoal Lighting O’-(_}diﬁ s

Oi’der 2187. Exit and Emergency nghtlng

In school buildings of more than one story hemafi;er eon-_:

structed, the lighting to be prov1ded. in all, Stalrways and exits
and in the passageways appu_rtena,nt thereto under Older 2183
shall be connected independently of the room llo'htmgm -Such
lighting (and *fexit lights’’—see ' Building ~Code) shall be so

supplied as not to be subject to Failura because of ‘the fallure oL~
the room lighting from internal eauses: ~« . o Tiis w0 0

Note: Electric emeyfg,ency lighting Should be supphed frorg arru in-

dependent connectlon extendlng back to the main se1v1ee enfiance f01

the buﬂdmg 7

Order 2188, Sw1tch1ng and Controlling Apparatus. e

At each point of entrance to school buildings hereafter.con-
structed, switehing or controlling apparatus shall be installed,
go” that ‘a person may turn on enough lamps of the emergency
lighting to proceed safely to the next point of control. =

cord of the reinforced or smnlar type )
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Note: It is recommended that in the case of classrooms and large
assembly rooms, auditoriums, ete., switching or controlling apparatus
for turning on a portion of the lamps of the room be located at each
p_oint of entrance to such room.

Appendiz I. Extracts From General Orders o, Hzisting
Buildings

Order 603'?.

All new electrical work shall conform to the Wiseohsin State

" Electrical Code, comprising General Orders 1000-1499, inclu-

sive, of the Industrial Commission.

All electrie wiring and installations which by reason of ‘in-
sufficient supports, defective insulation, contact with combus-
tible materials, or with econductors of electricity, deterioration,
faulty materials or from any other cause, is liable to cause fire
shall forthwith be overhauled, repaired or replaced, and made
safe, and all such repair work shall be done as requu ed by said
Wisconsin State Eleetrieal Code. !

Decorations of paper, eotton, cloth or other eombubtlble malc-

.rials shall not be attached to eleetnc light wires, globes or fix-

tures, nor within three feet of any open lights.

Electrie cords shall not be-hung on or be.fastened Wlth or
come in contaet with nails, staples, hooks, gas or water pipes,
machinery or other metal supports.

Pendant lamps must be free from eontact with fmmtme ma-

'_chlnery, posts or other fixtures.

“Where portable electric lights ‘must be used the same shall be

- equipped with keyless socket of non- combustible, non-absorbent

insulating material, lawe ‘handle of mnon- absmbent 1nsulat1ng
material, basket guard, proper reflector and gpeelal heavy duty

Appendiz J. Extracts From General Orders on Safety in
Construction

Order 3519. Illumination.

Adequate illumination shall be provided at the head and foot
of all stairs and ladders which are open to use and at openings
in floors. (See also Industrial nghtmg Code issued by the In-
dustrial Commission,)
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Appendiz K. Extracts From General Orders on Existing
Buildings

Order 2062—Equipment,

(1) Electrical Equipment. Rlectrical equipment other than
lamps and the necessary wiring for lamps shall not be installed
within the booth, and all equipment supplying electrical energy
to such booth for mechanical, chemical, heating, lighting or
similar purposes shall be installed, operated and maintained in
accordance with all of the requirements of the Wisconsin State

Electrical Code. Wiring to lamps within such booths shall be
in rigid metal conduit, '

(2) Grounding. All exposed non-eurrent carrying metal

parts of electrical equipment serving such booths, and all metal
parts of the booths themselves, unless only ceramies are used,
shall be bonded together and permanently and effectively
grounded in aecordance with the provisions of the ‘Wisconsin
State Electrical Code. (See Section 103.) Al belts driving
In or entering contaminated airways from booths shall, unless
ceramics only are used, be similarly grounded to prevent ae-
cumulation of static charges of electricity, )

(3) Ilumination. All booths shall be provided with illumi-

nation of an intensity of at least five-foot candles meésufed on a’

horizontal plane thirty inches above the floor. The distribu-
tion of illumination shall be reasonably' uniform, avoiding ob-
Jectionable shadows and sharp contrasts of brightness. To

- minimize glare, lamps shall be shaded in accordance with Orders

2113 and 2114 of the Industrial Lighting Code. If lamps are
installed within the booth they shall be enclosed in vapor-proof
globes, exeept when ceramies only are used.
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PART 4

Safety Measures.to Be Observed in the Operation of Electrical
Equipment and Lines
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Order 1408. Safe Supports, Safety Belts and Tools.............__ 276

Section 141. Operating Rules. dailiel li
Order 1410, Utilities to Adopt Operating Rule_s....... ..................... 276
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PART 4

Safety Measures to Be Observed in the Operation of Electrwa.l
Equlpment and Lines

SECTION 140. GENERAL REQUIREMENTS

(To be Observed by All Employers of Electrical and Slgnal
‘Workmen., ) -

Order 1400. Qualifications of Employes

to assure himself that each employe is mentally and physmally
qualified to perform his work in accordance with these rules. No
_employe shall be permitted to do work upon or in proximity to
dangerous live electrical lines or eqmpment or in such position
as to permit of the establishment of contact, unless heis properly
qualified or is under the direet supervision of an experienced and
qualified person.
- Workmen whose employment mcldentally b11ngs them in the

‘neighborhood of electrieal supply equipment or lines with the
dangers of which they are not familiar shall always be accom-
‘panied by and work'under the supervision of a properly quali-
fied and authorized person.

Note: See definition of “Qualified” in Introductory Part, Section
102.

Order 1401, Instructing Employes.

(a) Employes regularly working on or about live electrieal
equipment or lines shall be thoroughly instructed in methods of
first aid, resuscitation and, where necessary, in fire extinguish-
ment.

(b) All such employes shall be instrueted as to the character
of all electrical equipment or lines on or dangerously near to
which work must be done by them. Instruetions shall describe
the equipment and lines to be worked on, identifying them by
position, letter, color, number, or name,

Order 1402, Responsibility.

If more than one person is engaged in work on or about the
same electrical equipment or lines at any one location, one of
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the persons shall be designated as the foreman locally in charge
of the work; or all the workmen shall be instructed as to the
work they are to perform and the employe instrueting the work
men shall be cons1derec1 in eharge of the Work

Order 1403. Attenda.nce - -7 \

Unless a properly qualified employe is in constant attendance
in rooms where generators and other supply equipment are in
operation, such rooms shall be made inaccessible to other than
qualified persons.

Order 1404. Requirements for Two Workmen,

. Except in trouble or emergency work, at least two employes
shall be provided where work is done in wet weather or at night
on, or dangelously near, live lines ah{)ve 750 volts

Order 1405, Uninstructed Workmen and VlSltOI‘S

Unquahﬁed employes or visitors shall be prohibited from ap-
proaching-any dangerous live -parts unless accompanied by a

qualified person.

Order 1406. Protective Devmes

(a) There shall be provided in eonspleuous and suitable places
in eleetrical stations, telephone exchanges, testing departments,
and line construction and repair wagons, a sufficient supply of
suitgble:protective, first aid, and fire extinguishing devices and
equipment, to enable employes to meet the requirements of these
orders. ~Such devices and equipment shall be periodically in-
spected or tested to insure that they are kept in good order.
Safety belts and similar equipment, whether furmshed by em-

-ployer or employe, shall be inspected from time to time 16 assure

that they are in safe working eondition. :
1+{b)..Employes: that work on or near dangerous live parts shall
ber requn‘ed by the operating. rulesa (see Order 1410) to use the

'pmteetwe dev1ees and the speelal tools prowdcd first examining

them to make sure that these devices and tools are suitaple and
in good condition. Employes shall further be required to wear
sultable clothing while working on or about dangerous live equip-
ment and lines. When working under these conditions, they shall
be warned to l{eep sleeves down and avoid wearing unnecessary
metal or inflammable articles such as rings, watch or key chains,
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metal eap visors, celluloid collars or celluloid cap visors, and
warned not to wear loose clothing and shoes that slip easily when
working near moving parts.

Note: The following is a list of suitable devices and equipment, the

kinds and numbers of which will depend on the requirements of each
case: }

(1) Safety belts and similar equipment.

(2) First aid outfits,

(3) Insulating wearing apparel, such as insulating gloves, sleeves
and boots. Insulating shields, covers, mats, stools and platforms.
Insulating appliances such as rods and tongs, for any necessary han-
dling or testing of live equipment or lines.

(4) Protective goggles of suitable materials and construection.

(6) Tools of special design and insulation as to eliminate so far as
practicable the danger of forming short circuifs across conducting
parts at different potentials or bringing the user into circuit with such
parts.

(6) “Men at Work,” tags, log books, operating diagrams or equiva-
lent devices, and portable danger signs.

“(7) Fire extinguishing devices, either designed for safe use on live
parts or plainly marked that they must not be so used.

(8) Grounding devices for making protective grounds.

Order 1407. Warning and Danger Signs.

There shall be displayed in conspicuous places at all unat-
tended or unlocked entrances to electrical supply stations, sub-
stations and electrical testing rooms containing exposed current-
carrying parts or moving parts, permanent warning signs forbid-
ding entrance to unqualified persons. Suitable danger signs
shall be placed in supply stations, substations, switching towers
and testing rooms about equipment having exposed ecurrent-car-
rying parts above 750 volts. |

Order 1408, Safe Supports, Safety Belts and Tools.
(a) Safe Supports.

(1) Employes shall be instructed and required not to support
themselves on any portion of a tree, pole, structure, seaffold,

ladder, or other elevated structure without first making sure that A

the supports are strong enough, reinforeing them if necessary.

(2) Ladders used on or near dangerous live eleetrical equip-
ment or lines shall not be painted with conduecting paint or rein-
forced lengthwise with metal.

Note: Portable ladders should be in a safe position before being:
climbed. The slipping of a ladder at either end should be carefully
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guarded against, especially where the surfaces are smooth or vibrat-
ing. (See also General Orders on Safety.)

(b) Safety Belts. Employes shall be instructed and required
not to work in elevated positions unless secured from falling by
a suitable safety belt or by other adequate means, and to exer-
cise care to see that the snaps or fastenings are properly engaged
and that they are seecure in their belts before intrusting their
weights to the belts. L

(e) Tools and Materials. Employes shall be instrueted and -
required to take the necessary precautions to avoid dropping
tools or materials from elevated positions, and to use hand lines
and proper receptacles for raising or lowering them.

SECTION 141. OPERATING RULES

Order 1410. Utilities to Adopt Operating Rules.

(a) A_H utilities, that regularly employ three or more men,
shall adopt and strictly enforce an adequate set of operating
rules designed to attain the safety of such employes through the
observation of the mecessary precautions while at work on or
near dangerous live parts.

Note: Since electrical equipment cannot always be completely
guarded, the safety of employes must be attained through safe methods
of working.

(b) The operating rules adopted shall contain the general re-
quirements of Part 4 of this code, in so far as they apply to the
specifiec plant and work of any utility, and such additional rules
as may be necessary to reduce the hazards of operation to a
minimum,

(¢) Operating rules shall be filed with the Commission within
six months of the time these orders take effect.

Note: Filing of operating rules with the Commission will not act as
a guarantee that the rules so filed are adequate for the purpose of
minimizing operating hazards. In other words, the entire responsibil-
ity for the adequacy of the rules adopted lies with the employer.

Order 1411, Distribution and Posting of Operating Rules,

Each employe shall be provided with a printed or typewritten
copy of the operating rules or that section of the rules which
applies to his work, or such rules shall be posted conspicuously in

- the office, stations, testing rooms, line wagons, and other work
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places of the employer where the number of employes and the
nature of the work warrant., :

Order 1412, Knbwledge of Safety Rules and Reporﬁing De-
fects.

- (a) Employers shall require employes to study and familiar-
ize themselves with the safety rules adopted pursuant to Order
1410 and shall from time to time test their knowledge of the
rules as well as their knowledge of approved methods of first
aid, resuscitation and fire extinguishment.

Note: It should be the aim of the employer to make his employes
safe men so that they will consider the effect of each act when work-
ing on or about live equipment and will do nothing which may endanger
themselves or others.. They should be taught to always place them-
selves in a safe and secure position, taking all reasonable precautions,
including the use of such safety devices as may be necessary.

(b) Employes shall be required to promptly report to their
superiors any dangerous conditions of equipment or surround-
ings, in stations, on overhead or underground lines, of inferior
wiring connected to Tines, and all features which they note that
may endanger life and property.

Order 1413. Organization Dia,gré,m

The employing utlhty shall prepare and distribute, or post
conspicuously, an organization chart or written statement which
clearly shows to whom each employe is responsible and what per-
son is in direct charge of each phase of the work down to and in-
cluding the grade of foreman.

Order 1414, Address List and Emergency Rules.

Each employe whose work is such as to require it shall be fur-
nished with instructions indicating the individual or individuals
to be called in case of an emergency, and rules for ﬁrst aid and
reseuseitation and ﬂre extrr:fgulshment e

Order 1415 Chief Operator.'

Fach electrical utility shall place a properly qualified person
in charge of the operation of electrical equipment and lines and
shall make such' qualified person direetly responsible for their
safe operation.

_Note Such qualified person in charge of opelatmn and safety may
be designated chief operator, system operator, load dispatcher, gen-
eral superintendent or otherwise. In large organizations the duties of
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the chief operator may be delegated for any particular section of the
system to a deputy chief operator or otherwise designated employe
who shall report as required to the chief. When it is impracticable to
have the entire system placed in charge of one chief operator, the
duties of the chief operator may be performed for a portion of the

" system by a loeal superintendent, local manager, or other employe who

may also perform other duties. In small organizations the duties of
the chief operator may be performed by the superintendent, electri-
cian, engineer or some other employe who may also perform other
duties.
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INDEX TO ORDERS

(References are to order numbers. The following abbreviations are used:
def. for definition; app. for appendix ; sec. for section).

Order No
Abandoned lines ................ N SR W RO AT R SO AT 1203
Accessibility, conductors in manholes..........oveiiiiun .. L..1296-¢
conductors in stations .................. N e e 8 1131-0
ducts and manholes ............. SRR SRS 0B SR TR 1290
electric signs ............. G SRR SR SRR R SRR e i AR 1366-¢
station equipment ............. . ..., S S @ g 1142-¢ and b
B2 e DO WP B S Do Bl el S SRR T . 1144
ACTE TUPHBE: § o6l 500 00 14t 45 minie srmors sison nn siyme s e s i sine s L. 1144
AQAress Hst oiawin viees i svaian s SR B S B S 1414
ANYe-or 1ive;, delfivva. voimn aesas sea v aos 858k 15 A ST A A 1020-def, 1
ATurn O CONARGEORR  cavs s vanmn onam s abir s W R 1218, 1246-¢ and D
Anchors and anchor rods. See Guys and anchors
Angles in line, use of guys at. e e P T S N N— 1212-b
Appliances, household, def. ............. i m— — ————, e 1010
Application of orders......... EE B Sec 100, Sec. 110, 120 Sec 130
Approved materials ..... W RS P s i ST B vewa 1011
Arc lamps and constant-current series lamps,
disconnecting device of .................... Nt W R STl 1363-c
automatic cut-outs for incandescent ]a.mps ................... ..1363-b-5
BHATEINE s vioninieiod SUEE S804 e buttmmnns 1omsnt metme moleos s e .1363-¢
resistors and regulators of. Fw RO SN Ve U eeeieae...,1363-0
BUPPHOTES OF v wvwis s vm was oo PR R i T IR fia ShTAE SRR 1363-e
wiring of ............... WA SR e BRSSO AR SR B ...1363-b
Arcing shields ......conevvvivninenns e malene b b s ceenea s 1120-2-2
Areing and suddenly moving parts..............u00... s .112(} d and e, 1351-¢
Armored cable, def. .............. SRTER SRR SRS & ceaes e 1020-def. 6-¢
bends in ........... iR A R 6 s s G TR A .1332¢
broken surface at uutlets ...... SURLEIR NSRS VLRI SRR W .. .1343-n
in damp locations ........c.oviniuniennn... R RS R R +..1332-p
insulation of wires ........ g s B s oo SRR S 1342-¢
joints and splices of Wires.............. R . 1840-¢-1
mixed WIFINE waceivaes savis oy Wi SRS T G SR SR R 6 1343-1-1
protection of cord at outlet boxes............ SR SR SOV 1346-1
protection of cord at sockets........ . B wwa & R ST G ... 1346-F
receptacles for portable attachments..................... veea..1346-F

Arresters.—See Lightning arresters.

Assgembly halls.—See Theatres,

Attachment plugs.—See Connectors.

Attendance for rotating machines..................Sec. 110, Sec, 130, 1403

Authorization for work by employes.......... VIR DA W TR i 1400

Automatic, def,........... A b b somisnie s Cerrerea e nae e 1020-def. 2

Auto starters.—See Fuses, circuit-breakers and switches.

Averaging, adjacent poles............... S S R ERE Ve ®1242d and e
span lengths ................ S R R R i SRS ...1242¢c and e

Bare conductors, See Conductors.

Barriers for, conductors...................1001, 1120-¢ and k, 1310-b and ¢
station switchboards................. SR T 8RN R c0u1142-8

utilization equipment ......... e 1310 -¢, 1358b-6, 1368-¢
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Bathrooms, grounding equipment in.....-........ e 1312-g-2, 1313-¢
Battery rooms. See Storage batteries.
Belts. See Safety belts. :
Beltsy Euarding 0 seansmeanes s e i B AT e A L.1112-0
Bends in line. See Angles.
Blocking. See Locking.
DOV Lo, onmeniel stosasivasimrpuision) ston s = Y, YU LCY § TTY teveaa1243-a
Bolts and Screws,.........o.ovuenenen.. e vomimere M kel eid e an dhatises il 3 3-ds
Booth for picture machine.......eevvvevevsansns CGrEdDE artee oie e el 878~
Booth for signal apparatus.......... B RN e ven.1392-a-1 and ¢
Boxes. See also Cut-out boxes and ca.bmets

Junction boxes ...........c0i0ea.n T — vo st ineintenie it 1330F

outlet boxes and plates........ . o 1330~f—1 and 3, 1330-g, h and 1
Braces for, Crossarms............. ..1217-b and 1245-¢

8c 7 -1 [P SRR, R R A R0 SRR AT AR e TR s 1212-a, 1281-a
Brackets for vertical cunductors ........ wielh swEHS vans nasean s lastne ang @
Brakes for cranes............ 2L R O (3 1N SRCL PRSI tevenevens 1358~
Branch connections, accessibility........ N ST BV PE 1)’ -

Circuits. Seec under Circuits.

SlEarafions | .o oun cvean cvas e b e e e R T vee...1216-D
Buckarm, working and climbing space for......... s alide st paeva B b=

Buildings, clearances of conductors from..,,...,1228, 1321-a-2, 1391-2 and ¢

Buiffers for cranes...... SN WO £ TR TR VA L Ll ST AL B PO | viena..1358-d

Cabinets, accessibility of... ... . hiutiynnnn Ik E T2, ke, D0, o i, WS 0N
grounding of ....... ... s s onsilia e BT ve..1122-¢ 1813-¢
installation of.1130, 1140-0, 1141 w, 1324—@, 1325-b, 13482-¢, 1343-Fk,

and n, 1350-h, 1351-d, 1353, 1358-¢, 1365-¢ and d, 1366-a, 1374-¢

Cabled service leads......... Wi et wsiabt et et et it L U 121 96
Cables, See also Conductors,
conneetors: For 4 wuvus evar aas i 1346-g, 4 and j, 1366-b, 1377-b-2, 1382-b
installation and use of...... ..o TR ....1330-d,
1332, 1842-¢, 1365-a-3, 13875-a-4, 1375-D- 1375-c-2, 1377-c, 1382-a
iron and steel, dimensions of....... e R A T L BT L) App, A-3
BAES OF e EH WM ECHY VW AU AL MRS L S K AL ..1283-f, App. A-2
supply lines, grade of construction.........1231, 1232, 1234, 1251, 1252
U srotmding: oF voesersessen o saser Sl EnLL o Pt e I B
o ARRTEEIOAN O e watranssea st 4 R R e T T 1274-f
messengers for .......... sralesatatahe shtite et voath SRR e wvilvten v1BT4=0
pole strength for, on joint poles........ Ceereraesea..1274-0 and b
SDHCER ST - oo o0 e £ R L (L L L e .1274-¢
underground, clearances of...............0... PSR o N 1296 -¢ and d
protection of .o..oviwiviaiiied
spacing of ...........
Calculation of pole strengths........
Canopy insulators ............. i
Capacity of Conduits, number of conductors permltted ........ . .. .1331-a
Car houses and storage yards. ..o innnaaaan PE s G 173
control of lamps and motors. v SRS SR Ree e WRLE B e e . .1345-g
40w 17 R R M R EE SIE UNE S LFEND el | ) S UPEP N PR R o 1 SO L R Ly
Carrying capacity of conductors................ LA CRE R AL LA RS CLARE L 0. I 1341-a

Casings—1020-defs.-6-11-19-23, 1031-e, 1120-d, 1122 -¢, 1310~ b 1312, 1313-¢,
1324, 1325, 1350-h, 1351-d, 1353, 1358-¢ and 4, 1366-a, 1374-¢, 1378-F

Catenary construction ...............

Cedar poles, specifications for. R

strength of .............

Charging panels, of garages.....

Chestnut poles, specifications for'........coevviveannassiansnes. App. B-4
strength of ..... B R AT W R e e VR ST S App. B-1
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. Order No. Order No.
Chief operator .........cvovavin 3 et LR Biehel Thneas enlis win T seaes seae iy o vereneaeess . 1225 and b
Choke coils .....ooviniiinniin., ceeennnnn 11434 supply and signal lines..........ccvieiiiinnnen i & Vet 12280
Cinema, theaters. See Theaters, supply line only........ovvuve. 32 LN V) (SO LS LI AL AT T 1225-¢ and b
Cirenits, defs wwin v vrviivarwna ifodimers s R D e ..1020-def, 3 " Clothing, Suitability of......ooerennns. oo Dediinen byl il i ofidihg
constant-current ........oooooeiiiniaiin e e i 1253 Co-efficient of linear expansion, copper, iron and steel.............. App. A-8 .
grade of construction......... e R SRS, s .1231—{1 1232, 1234 Collector wires. See Trolley wires, cranes.
control, protection of..... MR ——— DR B AL ST et .1160-¢ Commeon use of poles, conductor size and sags........ vern....12B4-c
fuses for branch circuits.......... e 13521: grade OF COnStrTOtION. « v v et e v v e et ee s 1251 1252, 1254-b
fuses for motor circuits.......... G e, e i BREG ..1341-¢ and @ T e dadia Don 1254-¢ and b |
| grounding of . vvveniiiiiiinin Vi 1122aan&b 1205, 1313-c¢ and b trolley CONtACt COIATCEOTS .+ v vt vrs s s vieeeensaas e i 1254-d |
| guarding of. See Guarding. Compression ratio, steel............ SR P R e 1243-¢ and f I
TAENLIRORLION. OF v ots v pemmmine vew v nomes s v s sl e -1123, 1314 Clotergts Pola - it st Baans Siies sa Bia gt saln AR et RN A 1244
of different systems...........c.cuun P thdald e e, 1331-0 CoNAUBLOrE; @B wod sssini shwime wls ek ot siuta aia et o S N ..1020-def. 5
number permitted in metal raceways.........c.c00.. Vinires aen i e 1388 <e allowable number on peles....... e T T ‘
OPEration of st v vaad FraE e GeeERE VR G B cee v s 1420, 1421 SUPpPOrted BY BUVS. vt ein e g i bl 0L App. B-3
‘ PTOLECHION 10T i cuvnin croimie srrmimnisionsonionss -iari e o alatdiitas e okl s 1032-¢, arrangement on supply and signal Hnes.........coveeeerinnnrn.. 1206-¢
1120-g, 1131-q, 1143-a, 1150-¢, 1151-6-3, 1310- T’: 1320-b-1, 1357-g-2 bare, where permissible.....................1120-g-4, 1310-D-4, 1340-D
| series CIrcuits’ .....veiviiiiiiiiiiiiiiiii -.1323-a, 1360-7-3 carrying capacities, table....... ekt A o FORIBECote T30 L 15 VN ¢
size for A. C. motors. ..........ounvnnn TR RV Mo A coea1341-¢ clearances of. See Clearances.
size for branch eircuits........ A R A A v an e S 1341-b fastening Stranded WireS. . .. v e e e oe e s e ennessnessssens, 1340--2
size for D. €. MOLOIS. .. vuvvivvni it neininsntanieeven e, 1341-d flexible COPAS ..vvvvrininiiiiiins T i e
| Gizg! fo0. WADOE TAIREE e cvmemadbad b bl b iy wid ol oAbl 1362-a for armored cable. See Armored cable.
I switches for ............1140-b, 1206aandb 1324, 1825, 1350-a for 4re TatnDs, B0 y vy vuies avsiealavi s aee s SEF L Cesisieeae.. . 1363-D
h and d, 1350-f and ¢, 1358-¢, 1365-d, 1366-a, 1374-b, 1378-d, 1396-a bor concealed wirlne:  Ses ool B tihe Wil
| Circuit-breakers. See Fuses and circuit-brealkers, for conduit work, See Conduit.
| Circular loom., See Flexible tubing. for car houses and Fards. . . vvve e ooy e vineesoessnns 1345-¢ and h
L 1 Clearances. See also Separation; Working space; Climbing space. L0 CIROBE! T4 4hin Shi%s 4% V¥ TN T e e L 1358-b
U ‘ ~ conductors, above rails and ground............ ORI ) 1220-a and b . for AXtUPES ............ oSN SRS - LR 1341_9., 1360-a
at supports, from supports................... 1221 @, 1222-b for metal raceways. See Metaﬁ raceways.
| from bUlldinEs .esioevaess iv s REEEYE ERe e Foeg el .1228 for opening wiring. See Open wiring.
‘ from bridges .. .......0.. FE T, SR R e e 1229 for outline lighting ........ R N A PR 5 .1365-a
| from conductors of another line......... T T swi e v LBBTTD grounded, fuse in...... . Lt B s 1351-g 1 1032 a-2
from other conductors at crossings...... A 1220-¢ and 4 guarding." 'See GUar@ifig. ;o deee o il L e o 1 B
from poles of another line.........cooviverininninsnae....1227-a high-voltage contact .....vvvrvnveneninnss A swie et S G ; ..'1255-d
in manholes ..ivev.iveniin e e 3R ST R SRS 1286-c and d T EHROAEION 10T .0l s o Tl e it b irmnetd A FIGL s oy gue allivegeey
| longitudinal runs, from supports........ s ..1226-a-5, and b identifying covering for grounded inenLra sy mogiraee g S SIEPRAG I 12340-a
| vertical and lateral, from supports.................... 1221-a, 1226 installation of .See, 131, Seec. 132 Sec. 133, Sec. 134
connections on poles...........vevnnns B pe e wrapiyin sy b TRLOSY mtlsflan el L e A AsdTa e D JLTES Sl 1218-¢, 1226-¢
ducts, from other structures.........c. v iiiiiariiirririanas ..1205-a@ and d, 12747, 1-;41_3 1 and 3 1342 d-l 1342-¢, 1343-a-1 and 2, 1391-¢
b increases for, suspension, Z'[I]S'I.]la.tOI‘E ........... .1220-D and d, 1222-b iron and steel, mech. data for............ ..... AU LS WL L ' ADD. A-3 |
[ high voltage ......... S e S ..1220-0 and &, 1222 1Bl o Of s ar o ar oy o ALt e 1120-51 1810-0, 1213 [
‘ inoreages for; large SAES. iy i cajnil srias sam s amy e siee sy v cee.e. 1222 joints and splices in......... TR Ay e A Za PP, A S e i sl 1340-¢
TONE STANE .+ - wows wns smais soase o e 1220-b and &, 1265-a lateral, clearance of...,..... O L A ...1231-a, 1228
minimum requirements on LB TR, v oresmomss s s Darpmmn e 1201 line, def. ...... i e natdd bz b st pa s B RENRRED Taeeidet. (20
poles, from conductors of another ling............ cen...1270-d, 1287-a lightning protection, size and material. s e B By SRy S R
from hydrants .......... o SRS SRR e e SEel B0 e 1211-a loadings, resultant............... AL 4 e ienten, s28h AU App. A-4
T s I .1211-0, 1262, 1284-0 location of ....v.ovivin... s R G VL | 12215, 12237, 1296 |
signal conductors, above rails and ground.......... - .1220-¢ and D ' longitudinal ...... e e e s e b s e cee..1221-g, 1223-g |
I fromrbridges................................--...- """" . 1229 . | magnetic forces in ..... i whealas w b Wt S et s B e 1120-g-4
il from buildings ............. B R ERT R RRRE R 1228 TAEERTA] 108! wiais sinr bamone o s hoaie e e s 1E1SL oM T
[ from railways conductors .........ieesupeiearossnnsiaee., 1264 mechanical and thermal injury to, 11?0-_9, 1226-e, 1297-n-d and 1310-b
from signal conductors. .... .1220-c and d, 1223- -6, 1270-6, and f. neutral .......... e SHEEE ALl DA S D i S 1341-f
from supply conductors............1220-¢ and d, 1221, 1222, 1223-e of radio signaling apparatus.......... SRS T sy e Ml 1393, 1398
supply equipment from signal equipment. .. .. - e -.1272-f ) overload of ..... el e T ST et enre..1141-D, 1351-a [l
|| trolley contact conductors, ahove rails and ground,....... 12.20 -a and b protection of, breaking at crossing..... wates s i sk s S LOBB) 1870-g i
| from other wires at crossings.............0.u0. ¢ e s g, J2B8 damp locations ............ S s LT mE gty naie v PHMS 1191, 1312 *l
Climbers or spurs, inspection of.......... S T e T T T . 1406 deteriorating agencies .......... et L, o LM ol SR 0 N
Climbing space, def.........cvviiiiiiaiinn.. L SR SR cve..1020-def. 4 falling wires ............... L e i e L 1429.0
I 0 o< 1 [ ————— 1214-a and b, 1225 falling trees .......... A e 1226-h, 1287-g
I obstructed by cnnductqrs.......'..................... .1226-a, 1215-b hazardous locations ......... DR IER R AR, |0 L D)

\TACKE & e e B e E e el i A RS e o Ve Shje s e el B ab-D
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Order No.
inductance .......... TR S ———— ce..1340-d
supply line ............ VEREYRAET oA A e o, 0, S .1218-¢
protective covering of supply lines in urban dlstrwts SoFaa SR ..1218-¢
reduction in assumed loading, signal lines crossing railways........1281
signal lines on joInt DPOleS.......c.ivvieininneanenrnn. ce..1272-d
rheostat conmnections .............ciiiier tuiaeiiiinaa il W R 1340-f
PR s s Ehes .1219, 1224, 1246-¢ and cl 1254 ¢, 1273-c, 1283-d, 1286
cuppely:, Aabley waen e svsava e een G 5 .1283-d, App. A-1
iron and-steal, tableB. v ee vuws awnen s g et 8w 1283-d, App. A-2
separations. ............... R T RS A 1221-a, 1222, 1228-¢, 1229-4
service leads ..........iiaieiiiiai i ceeeenesess.. 1219
size of, for A, C. motors..... Wih N e, o ke SRR SR e 8 1341-¢
for branch citeults,, ...vi.0000 20 S e B TR A .1341-b
for D. O motors iaws i S T B S g 1341-d
for neutrals ...... . i A R O] S L T v W - i
for supply and mgnal lmes .1218, 1&19 1246-b, 1264-¢, 1273-¢, 1283-d
for, (trolley: elreuits ..o iineinninmesaning TS .1341-e
; Ior 'VADOr 1&MIPE, iy 550 iee 56540 ol el i AT P '.. ..,..1362-a

signaling systems, of. See Signal wires, .
dlale, TATANE BH) o oo o spamm v e S Srere e sreyn 0 A 4G~
storage-battery rooms ...... S e B I - )
stresses in ........... I S . 1120 -g-4, 1241, 1281-b
copper, tables ....... W MR SR e e e ceneen . ADD. A-L
stringing of . .onanmees v mas N SRR R S A Yo .. 1424-¢
supported by trees and roof.s W FI S S B e ST —— e 1210-D
supports for. See also Insulatur‘s. . PO [ 0 M ]
tensiona In ..veniiiiiiiiiean e, PR T - 1246-¢
copper, tables ..., e R SRR SR e LApp, A-1
froh and stedl; TabIeB iy vrais pomseaiisianing etz sl a5 7 App. A-2

trolley contact. BSee Trolley wires.

B o L oo o o RSO I . e R . 1340-c¢

. tyristed DAIY +.ovivimnerannneens e A L...1234, 1283-4, 1286-¢ and b

sy WETEICRL © ov i soe s vin s ......................1020,—55, 1221-a, 1226
weights of, for Imes, tab]e R b v SR, ST i, SR . App. A-4

Conduit, BSee also Ducts, def. B BGTIRS bR SRR S ciieensen...1020-def. 6
BroUnaing 0f ,....ceemes s s T 1122-¢, 1206-b, 1313-¢
installation of ............ A L e .1321-0-2 1330,

1331, 1340, 1342, 1343-1 and n, 134-6—]‘, T a.nd l 1350-¢0 and p, App.-C
Where TEQUITON i s v s i s s b 550 iz i
l()ﬁlZ-t}J 1120-g, 1181-a, 1150 -¢, 1151-5-2, 1310-b, 1321-b-1, 1357-9'-

Conflict, def. ............ ...t T e e atnte wivse we sy sl GEDOEE T

avoidance of ........ - PO (G 1_230-_cl, 1271-b
by joint poles ....... cesene...1880-d, 1272-a
 grade of construction for....... 1234, 1251, 1252, 1271-a

Connections, attaching to live parts. sate i p st b es TSR

Connectors of, flexible cords. «.vuveenviv i mervesnn s R Graea . 1346-g, i and j
public Zarages .......... .00 i e e e woncens Sepecesin v s S BA=D

 CRIBTLS, foea s 5, 516 3505 SRR S50 B prinir somrhn 1 It o .. 1366-b
theater stages ........ T s diaEe mwislaTTib=2

Constant-current cireuits. See also Series eircuits,................. 1253
grade of construection for........veeveuves ceeeveses.1231-d, 1232, 1234

Constant-current lamps. See Arc lamps.

Construction, character of .............. Il S T ST T Loy 1010
TIOW s ddin casis b R T S 1, ]
Toeonstrlieion, Mot « vewe smnt speing vaie, SREEE R AR .1020-def, 41
temporary .......... T ST P (11

Contact conductors. See also Trolley wires, ... Y 1255-¢ and @

Control, remote ....... Sh i E R s selimss vy s ver.1120-d-1, 1357-d and e

Control circuits, protection of o ol W R e e e e s e b e el 1 B 0-0

Control, of cranes......... e i BEE RGeS R EERE 1358
of motors and generators ............. P — 1150, 1357 -¢, 4 and e

of switches ......cvviiiiiiiininniiinnenann, SOOI . B i

ELECTRICAL CODE—INDEX 285
Order No.
Controllers. See also Resislors, accessibility of....................1355-a
. contnete: iof - R BV St igeettestetate BT, BTN srue cieiiaa 1355-D
of cranes ............ L T e PSR | .00 Y L ..1358-e
guarding of ..o .viie aiais e e A R Y T ve...1120-a, 1310-a
INAGEEIRE wiovn wmmeaie s semves SRR SR WRCRSELET SRIT D .1365-a
registors of ...........ieiiiiieen... [ Al BT SO ...1365-0
reverse-phase Telays ....vvvrvvrrvnn.es AR o S s AL I
rheostat connections ....................... A oblely < oyt S ...1340-f
Copper. See also Conductors, mechanical data for R S e App. A-3
. VBLADOIAE Sois el 2 S e el B D PR TR Ed B D e b 1246-d
Copper-covered steel conductors...... Did By i 1218 1246-¢, 1283-d
Cords, flexible, portable. ....... It e = L ........_...1343 1382
Corrosion. See also Deteriorating agencies...... B Anc A ...1246-a, 1283-d
COVETS Tor MANNOISS \iis oo sedan daue shaiie Suliis S R v fedaes o, 129800
Cradlés covovuvuvnss I e R R
Cranes, controllers of ..... s Sravee < 3
brakes .......... R e R N i e U LN o i
buffers " .Leieesseee ias S
fuses and cireuit- brea,kers fOlud ey sdoed Bal & eI ..1358-¢-1 and 3
BTOUNAINE OF * woldi Biva i st TS R LA e e cawain iovne neelEDB=L
BUMTAINE BT o Lo i s oo « S R Siee A e e .1310-a
hoists, limit switeh for............... 4 S o wiiiaiisas...1358-0-4
reverse-phase relays for ...... i et et S SR B O P ey ..1357-¢e
switches for .............. W e s o T A e «vv..1358-¢-2
wires, insulation-of .............. P L .....1358-b-1, 2 and 3
1 EA NG| L ey e ¥ i s B v...1358-b-1, and 9
SHEPOEE D 55 i faiiay s e R ..1358-b-4, 5, 7, 8 and 10
Creosote, preserving treatment for poles...... TG ) ......App, B-1, 4
Crossarms, bracing 0T, ... .. ceunesrurensnnneenns o .1217-b and ¢
double ............ 1217-0 12450, 1283-b
1oading of Woe . Jaenie ve O P P R e .1242, 1248- b, 1249-a
location of ..... e it w8 B SRR R R L v 1217-¢
material and sizes...... T gtk g e T e O N AR SrbTin s woeene.1245, 1283-B
strength of ...... e o e 1217-b, 1249-a, 1272-¢, 1283-D
BECIAl CaREN OF i iidaduis vma vewsn ceasvaeneeaa. .. 1248-D, 1249
Crossings, average span length and strength not apphcable ce-..1242-¢
cradles at, use of ....... R R T 0 i s ..........1275b
double ............ e S ek e s e M W .1230-b
grade of construetion ....... SRR (e S 1230 1234, 1235
reduction for selected poles not applicable.............. eeses.124d-¢
short span construction........ g o E b
signal lines over raliways.........oviurerunnenn.. ....1235, 1280, 1281

over supply lines ............ R AR g R G L U

over trolley contact conductors .............. P i s 11 oM 7

under railways ...... SIS R)EE Pl e e s A RTRIRR B Semearrie s vens 1285
supply lines over railways. .... T AR R 1233 1256-@, 1261, 1270-¢

over supply lines ........ e R O L1231, 1232, 1251, 1252

under Tailways ............00. s S 1268

with signal lines ..... L At AR 5 v npemn mamym e sensleBly, 120

Crossing span, grading of 1282~b
length of ........ e s G s s overs ol A e e 0. 1282-a

Curb lines ................. R O B e R I R

Current-carrying parts, def. ................. S i o 1020 def, 8
guarding of ............ L1120, 1121 1204, 1810, 1312, 1350-h,

1351-d, 1354, 1363-d 1867-b, 1368-c, 1374, 1375-¢, 1382-b, 1392-b
FEOTREIRT oo ssmmwsn swmms o5 SER GRS S RS 1120-a, 1204-a, 1310-a
working space about ,........c.0iiieinn... | v..1120-a, 1311

Current collectors, in car houses and storage yards..................1345-d
Current transformers, bridging of ............... i e e T @ 1151-b-1
grounding of ....... e BRI S, E A e - aeg B L0 1122-b
ERERATIET OT L et ane i s ar Tosisn i Tt te cmn s JIB1Sh~9
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Order No
Cut-out boxes and cabinets. See Cabinets. !
Cypress poles, specification for......... o s s e e s DD Brd
_strength of .......... e & R S SRR R S e ADPD. B-1
D i
Danger SIBNS ....vvieiar i scitl wymimiee ey e P AR S 1407
Dangerous conditions. See Defects; ha.zardous ]oca.twns et
Diead, Qe  wvaien s ovisopin s S 5 s By e i ..1020-def. 9
Dead ends, strength of construetlon at. o 5w ceeanee...1249-b, 1250-c
NEE OF BUVE 8L sa swmis ssvann sewss e S ——— .....1212—-b
Dead-front switchboards..... e 1120 -d and e, 1142 1374
Decorative lighting ..., viiniriiiiarretaasiiiaes 1364
Defective equipment ........oovvvvvnees. ST TR SRR, P SR ¢
Defects of wood poles............. S :
TOPOTEINE’ BF i cvaien s vawn onw
Definitions of special terms ....... P
Deflecting supports, use of guys on ,..
Deflection of supports ........ ik a2
Deformation of SUPPOTtS. ... ...vuvn. v : 40-
Depreciation, wood poles ......... et eieenee e eeaee...1244-D, App. B-b
Depth of setting of DPOIES +vvuerereeneeaneennerrrrnns 1283- .a, App B-4
Design and construction, lines and equipment. wetbrn o ot )
Deteriorating agencles .........cc0vuvnnn O
Diagrams, connections on SWJtchhoards e
. of organization for chief operator.............
Diameters of copper, iron and steel conductors .
Dimmers, INcloSUre of .....oveveruereruroaneanenos
awitohes  OF "o st beadd sria senees R
Disconnectors. See also Switches, def............... veveve...1020-def. 10
. blades dead when open .1350-%1
oapacity ieeivevein . BT TR T A N SR A ;..1350-6
dentification ........00000, O—_ .1123, 1314
where required .. .1140-d
Double Crossarms .......... . S Ry 4 1217-¢, 1245 -c, 1283-D
Double crossings 1230—b 12870
Drainage, of conduit .......... R RS MR i R S L i .1330-a
. for oil-filled apparatus ......vvvnvnerarn ety 1 1020 52, 1151 1356-a
for storage batteries ....... Veeaveauas Wl G R A S SR 1144-d-2
of underground systems .............0000 w5 s .1291 1292 da
Drafnage, of CORAUIE o500 05 s nin mvmennt svin o P e 1330-d
jj'raiha;ge coils or transformers........ooeveee-n R veiraenen..18392-a
Drip loops, of signal services N eyt SO o 2 venes.01391-d
of supply BETVICES ... ...iiiiie.a, Sk sl s s, w488y 118D LeDs3
Drip pans, of motors and generators ..... e PR s cewaa e 136781
Driven-pipe BTOUNA .nevveterrennureanienanens W fudiae veeean . 1084-¢
S e T L O B el At s Ao o e vean..1020-def.- 11
' clearances from other Structures ........... PP & )
" dissipation '0f heat 10 ... ey e e sheih s ey s we e v L 2884F
TETHOINE OF Wi e iisss b iae ssass bbb s s i ST S AL R R S 1291
installation of ........ Sk T A 9T e s e SR £ 0,1181-a, 1295
Jjoints in .L ~1295-g
TORBLION BE commrsis spairn somsimanae smesss. sine O a2 1290-D
material, size and finish .............. E B , 1294
separation between supply and signal ............. ceesnesenpes 1205
E
Earth, resistance between grounded part and .. i S e A 1035-a

 Harthing. See Grounding. S
.:.Ed'dy currents, precautions against ..............c0eiaieiee ... 1340-2
" BEffectiveness of ground connections ............. SRS | -
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Elastie’ limit of copper, iron and steel ............1243-¢, 1246-d;, App. A-3
Electriec furnaces and welders, glowing parts............. cvneeee 1368~
~EENAPAINE. 4 ie i e iisn v e moees rm et vi 0340 & vevnv..1368-c
hoods, goggles, ete: v.ovviiveiae. NN SR R vieva...1368-b
Llectfio . gas TEHting: iy svaiivassanms sv e o 1360-f-2
Electrie stations and sub-stations. See supply stations and sub-stations.
Electrical supply and signal lines. See Supply and signal lines. 3
Electrical supply equiDment .......o.eveveeeeennnnseensnnn...1020-def. 12

~ Electrolysis of anchor rods, protection against ............0eu0vv.r...1212-¢

Elevation as means of isolation. See Isolation by elevation. [TAES
Elevators. See also Elevator code. Reverse-phase protection for......1357-¢

CONLLOL (GIPOIILE . 1v o emiein swwmmminas watttihl e sl ieb e el KD LA -b
Hlongation, COPPer .....ueeirin e neraneenns o AN S N SR DD ALY
Employes, acquaintance with operating rules 1412

ingiructing of. aewve vinis sie e die v v 1401

QUATIHCHEION O wwowsarsprsn e veteiie sowisnssensaniti s 1400

responsibility of foremen ........ T 2 < 1402

uninstructed WOrkmen ......ooeeeieneninn.a.. R IRTRE s o]

B 1T o) o e e O o B R d ; 1405

‘when two workmen are reqmred ....... R 1 1Y vy H Lkl L. 1404
Emergency. CIEUES conascvimin caai SRS e s aerasy | ......1871 -@, 1372

NMMENARION -« v vuiere 550 00 samis svmed ddbrdohbilinadt Dot w oW 11112

rules, ............ R SR T T £ . 1414
Hquipment, eonnections to, acecessibility ......... ; Sy f el ye mIL21E

electrical supply ........
BFOUARING 0f . . voviins oo
methods of ...vvvvnnennnn..
guarding, See Guarding,
identification of. See Tdentification.

...1020-def, 12
cevsreeiinee e 1122-0, . 1818-¢
N 8 e AR AR v oA s Sec. 103

inspection of ..........0.0 Sinah s Shetier shoNaRre 1012
HHEIAEON BE- cown sl o vinm Freatt o v e B enm i 1120 1204, 1310
MBINEENATICE. BT wreswress e asisonres s T TP <t g - I it 1012
IROVADIO . vt i e e e b weewnese. . 1020-def. 32
ON POIBS .uinietnniuinannn oty mmrs woea s e b e sttt .o1214
portable ...... e R sy vt e bl W . 1020-det 38
SPEBEEETION. BF. waniey waiier s v VRS SeaRE SER S0 Sk T .11590, 1357
protective arrangement OFf ...\ ..viviauendiien it i ieih e e 1010 &
AEMIZALIONG WYl L serstos ssuamamersss L e e 1020-def. 54
BExamples of pole c;alcula.tion......... ...... P senie.cJADD B-2, 8
SUpPPOTted By - ZUFS v iu vt ioen oo omnd WAL w0k PR A By App, B-3
BEIE-Tiohts, 'of Bheaters. ¢, i svvis v saaeiani i ies op BiL e a3 18T2
Exits of stations and sub-stations .......ivieiiniiiiiinennnann.s.1112-¢
HExplosion proof, def. ............. R T e veverarareneas . 1020-def. 15
in hazardous locations ................ s WAREL AL, SO e a1e 1312+

Txposed) A6l - usiti e iiah dhe e mee s A TR .1020-def. 16
Feeders, electric railway..... O T (e D .1220- c, 1223-e, 1254, 1255 -
Fiber stress of wood poles............. spa x| Pt b o) L..1App. B-1
Fire-alarm, apparatus. See Signal apparatus. i)
lines. See also Signal lines........... VT B eieae.1234-D s,nd ¢, 1288-a
Fire Azhting: aDPTISHEEE" yummes s Sibiore SRemits FERes ook i i 550 wies TG
instructing employes in use of,.......... S R SV SR AR 1406
Fires, protecting poles against.,........ s v wrssess s Sreseey e D 3L B
Tirst aid, instruction 1o emMpPloYees oot lor e s eiesnnnns EERICTS o (1 §
OUHERAT  vjoevmmmaie spvvin, e e SRR e R SR T B i o ve 1406
Buls, DOORE  ove svsvowns pamss oviy s gEEE SR g il e e e 14105 1411
Fixtures, See also Sockets, y
_construction of ................ U Oy L AU SUN, TRTOTIRR . 1 1 1) [, 3
. inflammable matter ‘a,t‘ta.ched e P, e et bl et s 18B0-F
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Order No. .

jnstallation of ........... 00000 RIANE- I Mtbsatiinth B LR YU PO ..1360-¢
Jamp sockets and reoeptacles 15 sbaogsiamn I e s na e veen...1360-d
mercury vapor lamps eneclosed in .......cioiiiii i i i 1362-b
pendant cords ...... R SRR SRR SRR RN S R b va e sbaen o 1860-g
WoRGELeR .o coven s s s eR e s S eEEE e e 8 vk bR ay . 1360-¢
WIrIng 0f - o vvhes vdun b s LI B T e A T 0 2 ............1360—13
Tixture studs: weilo Lisdia Jaentaliuin boatfe male Tl L stiaviens besadas ve 1343
Tlat surfaces, wind pressure on..... i P e R Liéine e aiie e o« 124 2-B
Flexible condult, def. .........cc0vavaonn. R R P R L ve.. . 1020-6-c
ingtallation of .,........ o ihibed ot easensl diakoed 3 S AW WP 1332
Blexible cords, connectors for ................ TS EATOLR I BRTREY WERRITEH ..., 1346-g
connectors in hazardous locations .................... Ceieeaaaa . 1346-1
design of connectors .............. SRR SRR TN TSN L.1846-7
for elevator lighting and control o e e e sl SL MG Y4
for portable work..,.......... e SRS Dw B SR e v atialeat 41348
for show windows ...... T Ry SRR suemmmmmmeiieaiiad 1 ..1346-a
BUATAdINg ... iir it s P LYV ST U VNN cevaa .. 1346-R
limitations of use.......... ST A G e lae Sl vean el 1346-¢
of heating devices ..,........ S ailEiaEE RS SR veee e 1367-a-1
of public garages........ R st el S D veeee 1382~

of theater stages ........... SR SRR A S 1346d-3 1377-¢
protection of cord at outlet boxes 13466

protection of cord at sockets.......... i aE AN o eveeisaess i iB346-R
receptacles for portable attachments,,,.............. s w s w348
Blzme 0T b i s e e T T P T e e A ...1341-h
strain at connections..... R TR R TR W S 8 ceeeie...1346-¢
voltage limit .............. e DRSPS LI coe..1348-0
TFlexible line supports ....,.... FI—— TR e ST e e w601 249-a
Flexible tubing, for concealed knOb and tube work....... cievaee .0 1343-R
for conduit work ........ciiiviiarinn SRR R sehgw el e atanh 1342-a-4
Floor openings, guarding of.........cciiivvinvnness O cee..l1112-8
Tloor surfaces ........ A R T TR 32 R ey LY T TRATITN L 1112-b
Tloors in storage-battery rooms ............... ... RLes e P I I = 5

insulating, See Mats.
Furnaces. See under Rlectric Furnaces and welders.
Fused rTosettes ......c.ocovcrvianniiania T e 1
Fuses and circuit-breakers, arcing and’ suddenly moving parts....
..1120-d, a.nd e, 1351-e

...1362-¢

eapaoity of ... .. shh e i i vveEe I e eaani kolsdns et ine s
disconnection of before handhng e e SRR vk w1861~
for branch-circuits ........ saolitisalde Bity i 8 1352-b
:formotors..................'. ......... SRS TN T IO - o 1841-¢ and d
for services .....i.vu0aan I, o o O .1324, 1325-¢, and d

for theater and ex:tllghts SRR T i s ae ek suatrasehannng T8
guarding of ...ii.ue0 ., 3 FEE B R G B T S R 1351-d and e

in neutral wires, ground wires, ete..... SRR S e s . .1381-g
interlocking circuit-breakers ...........cc00.0... R +..1361-f
location in stations ........... 00000000 W siecd SR BaeE 1141-¢
tampering with (fuses) ...... G SRERE TRATER o savaiE i eslagmn ...1851-¢
types of fuses required ............ e e ol 1141 @, 1351-b "
where required .............. e .._....‘........11_4112 1351-a
G

Gages, wire, def. ....... R S M SR Gidan, gelay Lusd 1020-def. 57

Garages (Public), charging panels of............. e L LU REL ) 1383-a
connectors of flexible cords ................. & T S .....1382-®
flexible cords of .......... G SRR R VR SRAErTeR v S ... 1382-0
floor outlets of ........... S R R E st el OV L.....1381-0
motors and generators of ........... PR PP e IO LARRLLLE L ....1383-b
portable lamps of ......... TR IRRRWEN, L0 WA LAl TR ML LR RPN A PRV b (27 2
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Order No.
e 1884
P PR L L U L 12 £,
¥ eiae ey LRl

special precautions .............
switchboards of .......
wall outlets of .............
Gas, inflammable, See Hazardous locations.
inundergroundaystems........,,......................-.......1292-d
Gas piping, not used for roUunding............oveverininrnsnnn.. 1033-b-3
Gogeles .. iiiiiaes s B A R e e el exireanane. 13680, 1406
Generators. See also Moturs
deteriorating agencies, guarding against................. R A L .Y |
I BATEEES 00000 chihbe v s st s b idh R RAL G R et
10 CBEEIONE SR A e e e e e . 1150-e
Gloves, inslating .......oi0nvenens LS R S N S X F B i o GBS I € 7
Grade of construction required, common use of poles...........,....1254-p
JOINE 190, 0P DOPEE ol e il o5t ar s e e .1234, 1272-b 1273-¢
o SIETAL HIVBR Ul 0 b s bt moretie bbbt b i Gy L1235, 1280-¢, 1273
minimum pole SIZes ........00urnnnnin, .1283-a, App. B-4
Supply HNes vl s vis ve vt vaani o
selected poles, minimum é:zes.. ........ e r el -1244-¢, App. B-4
Guarding of crossing span, signal lines at railways. ...... ceve...,1282-p
Ground clamps .......... e 1034-?1 1391h4
Grol}nd connections, artificial ................ . ... .., .1033-d, 1034-¢
contact surfaces .............. e ) .1034-¢ and b
devices for making ................... R R W R O AR 1 1]
Bround elamps . i e simii s veii s e sh G P AN el R e I 1 T
metheds of making .............., B e o A A ST IALEE 1 Y
DDA o o S e s o e, £ el e ik 1033, 1034-a
resistance of .. viasnaanaes 1085
tohuﬂdingfra.mea....................................‘... .. 1033-¢
to piping systemsg ......

) EREI N Peradaeaa. - ceea...1033-0
to railway returns D R -1033-e
Ground detectors' ........,.... . .. .. .1142-g

Ground resistance, checking of :
6150 1c - k| e S S P T S SR g L PN & A -
Grounded, QBf . o . fiiid et butiog s 1020(11£f351$
conductors, continuity of ... e S B 11082
fusing'-of...;................................ ........ .1082-q-2
installation of 1032 1340-a
Permanently, def. ....... ¥ P 1020-def, 36
_useofswitchon_...................‘.....;....;L.-....'........1032-a3
Groundgl_i supports, imsulators on.......... . 00 o0l ol . .1247-¢
Grounded system, def. e L G S W S cie.0.1020-18
Ground conductors, attaching of..... 1031-41 and b 1391-—h 1423-b, 1428
capacity of ...............'...‘....1082b
continuityof................... ...... b e bl ..1032.g
current in ,.......... ....1'0310
for ground detectors ...... B 3 .1031-d
for_hghtnmg a.rresters....................1031d 1032- ,'1(}32-0 1036
for portables ......... S A oL i31‘a‘-e
dusing of " ... e o oka RS il .1032‘-(;—2
guarding against contact . ...
ANSUIALION “0F * 57 5000 fidies viewbit diid bitas 1
line, for lightning protection S...1218-D
BRETOIAT v i v b ErPRT VT ORER I MBGIELA 06,5/ A1 11 : ..1032-a
mechanieal protection of ...... £ ] vieeaes.1032-¢
_Separate, in different cases B i . . . 1038
A OB s SR S A At B Bt o g S ey 10824
switches of . , R G L ! o 1
vertieal w5l ;
Grounding, eable sheaths supply .':.'....'12(}5 b, 1274-4

g;l;i;nt?........ vt v R 3 e o 1122-@, 1313-¢ and b
Tt amrynmts, bbbl TRk S b T .........‘....1122-0, 1313-¢

L.10235-b

i

»02.1082-0

.1221-¢, 1226

19

1230 1233 1250-.:, 1260, 1270-a¢
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Order No.
CILATBE 5 oisis oo s v walh v s i i R S AT REASRaS 6 WA B pezee 1358-d
devices ..o G e e i e e v veeseen...1182-¢, 1313-c
equipment. ....o000.n NI A R O e e .,1122-¢, 1313-¢
furnace frames ........c000000 ST B b WA e el 1313-c
TUSBE CABOE 1 vvvvirerrncsesnsatossansniny SraA byatE i ev0.1122-¢, 1313-c
ground detectors ....... &5 e BT VRS o e L . |
ENFPRY e wiln S sea swiae SRR e B R R T . 1122-¢, 1313-¢
BUYS - iavanns . ey B NTEER  BE e R ve...1213-c and f
instrument tra.nsformers ....... Pt M B e oo va...1122-B
lighting fixtures .............. [y I . i 1312 a, 1313-¢, 1360-c
lightning arresters ............. T L DR e e . .1122-d
machine frames .... e - .1122 -c, 1313-¢
methods of ......... % 3 § BTSRRI See. 103
neutral conductors 1122-@, 1313-a and b -
noncurrent-carrying parts ... . a e ,1122-¢, 1313-¢
orders requiring it ............... 1122 1142—9, 1312 -a-2
1267, 1318, 1358-d, 1360-(,5 1366- c—3 1391-¢g and h, 1392, 1394 1395
portable devices ......... T e TN, S R SR Y 1313-¢
services, conduit of ......... . 0000 . e B ...1313-¢
signal lines and equipment ........ S 1391-g h, 1392, 1396
BIBTIENY vs sonnmommomnin woncomnay somoeopis spvoyindd Ses BT sREas TSR ER B 1366-c-3
supports at railway crossings ,........ Pl R R i e (LR
switchboard frames ........... Toh SRITGEY ORATHE SRR S| vew s e 1122-0
transformer cases and circuits .......... ok B SRR 1122-b and ¢, 1313-¢
wet places .......c00anann T S ..1312-a-2
Grounds.
for stations ........0..000. R T 8 iR & B T i .-
separate, in different cases ........... § o TR SR Wk e AT 8 1036
tests FOr o s vaasa e S BN IR AT SR e N s g Ay e vt U AL
for utilization equipment...... 1313, 1366-c-3, 1391- g and h, 1392, 1386
GUATA AT s sammy nsme raas ssemars s »is cetineesasaea,1225-a, 1267, 1275
Guarded, def. ..... e S SR S AR I SR B i 1020-def. 19
Guarding, arcing and sparkmg‘ PATEE : 5w srvavanas « R R T .1351-¢
arc lamps . veaes sanas e SR R e Ve | T My et A, semoeos .1363-d
bare parts ..... A Vi SR R A s 1120-g and h, idl()-b and ¢
conductors ............. e e R (] L
1032-¢, 1128 g, 1131~ a., 1150 -¢, 1151-b-2, 1310-D, 1321-b~ 1 1357 -g-2
current transformer secondaries ............- e R B R g 1151-0-2
deteriorating agencies, against ................ . 1124
equipment .......... o STEWTHE supiakee IR Tame s ...1120—&,1310(5,13110
PUPNAGES o wum rosmmrmg vime S e e L oS s T 4y cuv...1368-¢
in hazardous locations ....... KA =i S e 5 dasien el PR 1121,‘ 1312
lightning arresters ............. s SR aeE R A veeaa.1120-F
line equipment on poles ........ ... ..ot VTS s R e ...1214-0
live parts in storage battery rooms. S S s T 1120-¢
Of cONNectors .......vviiviarrinaes S - .1346-R
Of Cranes ........ceevvinennnnnn enlh e e e s e s e e 1358-b-6
OE AICRMPOE: 5 o056 Foe ol SHaey Sabd s e Sfaiiiann vess o i, vl 1360-d-1
of rotating equipment ..... R RN, R P Tt Gk 1357-b-2
of signal equipment .........c00c0veian S P v T o .1392-0
GERIETR o v o smuny snens v fa s B TR 13661‘)-2 and ¢-2
of station equipment ........ ... i L Tieaale 7 o ABE0
of storage. batteries........ S SRR SR, R P s 11 T
of supply line equipment..........ccooviunn s 1204 1214 b, 1297-b
of switchboards. .......... G e A SRR O 1120-e
of switches, fuses and circuit-breakers.................... !
......... S B .........1120d 135(} Tz and j, 1351-d and e
of utrlizatmn equipment .......o00i..ns b s e PRSI 4 )
of welders and furnaces ..... e e IR S S S ... .1368-0
manholes ........ SN SRR SR e s ... 1293-D
moving parts .....o000 0000 § e Ay DR G e ) ceee01112-D
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Order No. ,
ceeeigee .o 1204-8, 139256

noncurrent-carrying parts .............

SL‘l-dfienly moving parts ......ciciiienan.. SRR | i ...1351-¢
WATITIEY, (OPSI (vomwemman s vasea a3 Y TR e '3-d-
of heating devices .............. i .13:33(?‘?7;;
Guards for, buildings ............ g o i ...1i12-m
ground conductors .............. R e e e R .,1032-'3:
EBUY WIPes. o ciiin saaeis o o ke, i ... 1213-0
manholes ........ W7 TR DB S 8 R 404w mwg e an . s ..1293-p
Doles \ gnd LOWErS s wesimis soi o sieving 5eus & i o OO B ..1211-b
protection of traffic ..,........ TR S AR S AT R SR v ca.. 1422
trol]eys_. at railway crossings. v oot vinnnnnnn .. .............1256-0
under bridges ..... N NI |1 S | o
vertical conductors ........ S SRS B il b w5 vrwmme s s swns o LEZB=d
G_ua._{'ds, grounding of ......... w e e Yol e i e oy e e 1122-0 1313-¢
Guying for, signal lines ...... e ——— 1212—@, 1281 1281 b 1283-¢, 1287-4
supply lines ............... vt wisew 0. 1212- -, 1243 a, 1244 -a, 1248 1249

Guys and anchors,
allowable number of conductors carried by...
clearances from, rails or ground. . 1220 -a¢ and 'b

ol ol v b7 R e T S R
SUDPOTES ... vvnunueinnn. s wwa ; :

fastenings for ,........

1 Semsn umasene mTEW NS sEACEOROl EINERIRS 4IRS GEE o3 e vena1212-g
general requirements for ........... T e . i G 1212
o 8uards for ...l i TR TE e m e 1o st LR B h
TREHIRLIDN 10 uiesy wiasin mitiens esimsrasol o b e e g ey ) i SRl
insulators for .................. ...... 5 1213—0. to g
omission of, on signal lmes a.t crossings ..... T it .1281- b'
strength of ......... 1243:1 1244 -a, 1281
used with, steel supports R B B L e ot A pie: Ak u .1243-b

wood and concrete supports. ,.... s TR S BT et .1244-3, 1281

Guy and span wires,
grounding of guys .....
insulators of ...... i e G S Wi v
mechanical guards of guys.

vrh e e s ees 12130
1213:; b, d, e,fandg
AT, &

Halls, See Theaters.

Hand lamp, portable ....... T 0 S e
Handhole. See Manhole, def,......,....
Handrails ..... ‘

ceva 1346-m
1020—&&313. 20

Hazard, conditions of .......... . ¥ ]]:;g{?;b
Heat, dissipation of, in manholes..........o0uu... i ; .1295%‘
Heat coil ...... RLEGL, MENERY, N AN, RTINS, R A g
aE . O R TR S S tad PEV O Ve bl /18392-g
flexible cords of ........00vunnnnn. :
SUAEAINE B ox venes suvniing s e O 5. e
HOOQE,. . ooimntemmms s e s s o o .1367-b
Household apphances See appliances, R i
Hydrants, clearances of poles b 111 KRRIPENS '1211-a
I
Ice on conductors. See also ing... S
Identification of, circuits LDa-dmg‘ i gk g dowind
grounded conductors ........ R o e emiiatus
switchboards ............. ....... oSy
. station equipment ............... 1142@
LErMnAlS . .vvttts e e o ROPI-
utilization equipment ............... ------ igi:

wires ...... SOE i = e 1340
g Vo R S R TP AN S (117 4157
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Order No.
Illummatlon, OF SERHIONE oo s smsse simes bacams wa fou N T 1111
stora,ge—ba.ttery TOOMIE o4 ovesssaansnene At byl KA b 1144-¢
switchbcards .............. e e SRR e e sk T EEREERE J1111-e
2 51:7i0 ) o KRR E I S e s P Gt PSS Sldaea s 1372, 1373
‘utilization equipment. See Industrial Lighting Code. o
TRGIOEER, 0TS ©id i S dmun s diaiins i S v Giie 5ok mn Simn el s Eors v e 1020-def. 22
S e e L S A AN TR B VSRR S sl M st e 1351-b
Inclosure, guarding by, arcing and sparking parts..... et T 14‘1-_@ 1351-e
“conductors, See also Conduit.......... ool 1130, 1310-b
'live parts ....... R ks SAGS LIAST LR LN R e Al 1120, 1310
of furnaces and welders ........ o iinra e aramtet s 1368
of rheostats and resistant devices........ omialh At bk J
......................... 1354-¢, 1368—01 1356-0, 1358-¢, 1378-g
"of sw:tchboards ............................... 1120 -e, 18564, 1374
of switches i : . .1120-d, 1350-R
transtormera ..... e ] s W TR S TaTs Vmeasioe e ....1856-a
Inductance, avoldance Of .....uudieiveerraeieaieiiiiaianees aeen..1340-4
Inflammable gas and flyings. ee Hazardous Liocation, bt '
Inspection and repairs ..... !
of grciund connections
bf protective devices A
S R AR AL THEIEE 5 0n sd sadnd b aid B
~of supply lines and equipment............ e ; 3
Installation, methods of ............. SR 2T petee s URASa s :
Instru_ctmns to employes. .. .ev . 4 e 3 TRt w e R RS
Instruments, switchboard ................ T BRI
Instrumeut'transformers .................................. 1122- b "1151-B

T s I o I IO 5 L AUt S e l..1020-déf. 24

' Ingulated mats and platforms. See Mats.

Ing,ula,ted. wire. See Conductors.

Insulating, blankets and shields...........oieeeviiienon.n
CanoPiey of TEXLULEE oy vv e we wo s mve s seaein e = nese B -
gloves ‘and wearing apparel ..........iiiiiiieeieienen S S
: Prbinte Dol AR EIPES Lo 0y wle s B ST e d B g s o S
“1hLiof -aerial signal cables i.iiiiiiiiiiions i PRI el e e
mats, floors and platforms ............ el g w....1120-b and e, 1406
T oy coums s e R, ) T S S b SR A e 1406
Insulation, def. .....cciiiviimeiininianinnns BT T 102‘0 def 25
OF CONAUCTOTE + v vvevreree e eanene e aneanins e L
1130, 1131-¢, 1321-¢, 1342-¢-1, a-3, d-1 a.nd e, 1343-a-1, a.nd -2, 1391-¢c
of lighting fixtures ....civvivivvvviniveny 1312-a-2, 1360-e
of machines .......... TR b T ..—...-.-..1129 b, 1357-a
- of signal equipment ...........0.0000. S g kg F o 2 0), BITTNOS U ST gH
“of terminal bases ... . i iirerr e wrerney 1150-d, 1357-a~2
vof vertical and lateral conductors............ R T 1226 -¢' and d.
Inswlators, for conductorSi.:iwiec. iiwas cwnie saave et vt Saes o ;
Sy s e 1130, 1321-a¢-3 and b-2, 1830—f—2 1343-4, e, i, % and @
POR (BTN vonre. cmparsenr s scamsnmomstaiamste smtsn st lem e syt ahats atebyheta shem Sinne 1213-a¢ to g
for signal lINeS .. ..eepmeesemeeniaist I TP A O “ea....1283-b and e
for Span Wires .........oevuvecnnvins B sigiradinl b bl 1213-¢9
for storage batteries .......... & sene AR SO0 0 PO s Baly ) 1144-d
5T BUDDLY HHAEE . s v b st aas s omes s s s smans s o 1247
fOr SUSPENSION TODESE ..t vv vt tinnnnraeannerroosassns 1213-g, 1363-¢ and e
suspension, increased clearances for.............. 1220-b and d, 1222-0
Intensities of illumination. See also Industrial Lighting Code,.... R 111‘1
~rs¥golated,  def. v ceire s P e dEe R ST e LEEnASEn

Isolation, by elevatlon def.
of current-carrying parts
Sl k=) e I v N (N U IO P TP ORI R e O 1 1 0L L L L
storage batteries ..ivveceveivivisviiidciaiay
suddenly moving parts ... iy e vl TR0 d, a.nd e, 1351-e
y= () FPANBEOTINGYE | cvwivs vamas siwaes £ Mo S s wmE L T W NN - 1356-a
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J :
’ ‘Order No.
Joint use, of manholes .......covvain s R s s s sy e . .1295-f
' of poles, avoidance of cnnﬂwt . e 1230 d 1272 “a
by cabled Lines ....ocoeniiianadiah e I s s d
by open lines ..........o0.0 UL :

climbing space ........ §
conductor SUDDOTES ..eeviiiorenanronasossnasesonisnsoisans
extensions .....c000en0n S . 11 1 08 (Y o [ S0 IR =B 1
grade of construction ......... 00 cniiiaiain

longitudinal stresses |
strength of poles ......

B 127‘2—6
. .1272 b

transverse strength . 1272-d
Joints, insulating ......o.oieieiiieiiiee T RS L0 1360-¢, 1391-b
in conductors, taping of ; 1331-e; 1340-e
G 39 G+ 2111~ SR SR S R e enidii1295-g
TJUNCtion DOXES +euvvrvrrrrerranmrarinrsnatharaesnsnns fote e nhidd bl K 1330-1
K :
Keys. Sia e i i

of radio signaling apparatus ......... o e Mg 2B AL T e B i) 1398

Knob and tube wiring (Concealed). i :
- avoldance of inductance ............. B S IR B . 1340-d

broken surface at outllets R T e 1843-n
fishing wires ........ 000, R e s .1343-h-4
[ feiblo: BABINE o cliem s s imeie sor.one 3408 L L. 1343-h
flush switches ......convviereeeiiiinaans AT
AT Attiem v o vie,siseai i eib. ainains i e i e nas caniabbnd e aE s :
sy DIASEED o i v e T e e e
~insulation and braid .......... Vremals
joints and splices of WIrSS ... .covvverennrarsnsonarenen
mixed Wiring ....vvvvvivrnnavanenan. S
protection of cord at outlet boxes
protection of cord at sockets ......cvvvennanaeainn
. receptacles for portable atta.chmants ...........................
separation of wires ...... TR AT A T o aibbe AT A
=3 £ 53 - 4 T - O T I =
supports ...... G, e e A e T AL S, SRR R
surface snap switches ..................................
tle Wires -« im vne s duveen Pofrrn Seendabiar i et Send statd 4
wires entering ca.binets ................ 1.1
- wires passing through walls a,nd ﬂoors. AP

Laddets; for Hlgns oo evs vl v A e i 1 F 866
DL RrTUE . 0T hrevs sl s ine s whaluts isle/siuToials satamaieivingate yaiais via ~cigis e ieess..1112-B
‘Ladder space on building ........civeeniiien, Sahipldeiid ySila seears.-1228-B
Lamp sockets. See Fixtures and Sockets o '
Lamps. See also Arc'and Constant Current Series lamps.
clearance of, on jointly used poles
AIACONNTREONE 108 Lr e S0 a0 I8k BB Mt g .1216, 1363-a
for garages (portable) . ; : ..1382-¢
gas-filled 1nca.ndeacent A : p 1361
handling of ...oiue i e W 1216-b
for hazardous locations i R Cie e T e
locatmnof .......... i
mater:al.‘a of suspengwn for j
' mercury vapor lamps ..... R A e B A e
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Order No.

portable hand lamps....... TN ST 5 T A T B vov 1346-mm

on poles and towers ....... SR AL 5 GRS R 3 el ey vt e 2T,

In BtAationS . ..vnuniiiii i e e was owiwe 1111

in theaters ....... E N ..1373, 1375 1377, 1378 b, 1379-¢
Lateral conductor. See Conductors, def.............o.oovveris .1020-def, 27
Lateral working space. See Working space, def... dieen...1020-def. 28
Laterals from underground systems............... @ yw T e o1 89b=d
Latticed StrUCTUIES . ..vvivtivn e rireaitreeee i iieenerraree....1242-8
Lead sheathed wire

in eonduit in damp places...... g s nasinnmu e agtmassts prpimmsl R B B ve..1330-d

for high-potentials ....... o) BNk a6 e S T e i s TR B T SE=8
Levels, arrangement of relative. ..... bR i Cereliawenn1280-0, 1273-d

~Levers, protection from suddenly movmg See Ammg and suddenly
moving parts.

Lighting, See also Tllumination. 4|
decorative. See Decorative lighting. :

. i -outline. See OQutline lighting,

Lighting Fixtures, exposed live parts of...

T § R A D .1360-d
grounding of ........... ... i, R, 13130 1312- a-Z 1360-¢
guarding of ..... 370 SOV TR S0 e e gt i o it SR ve.1812-a-2
installation of ........ TR v e ae e 1360
A BEEEIONE o cneew omais sy s e amings yoeiies L1111-D
InsSmlation: (0f, v crmme amcesn sevsam s dh b L | i 1360-¢

Lightning arresters, for car houses and vards 1345-¢
choke coils for ......... Fosisie nintetade atntetats ‘ste-n AATLAULATAGE. D0 Stare e s .1143-d4
- disconnecting of .............. s T BTG, L S0 e .1143-¢

+-‘ground. conductors for.................. 1031 d 1032-5-2, 1032 -c, 1122-1:1
" location on poles and towers............. i) gl .1214-g
for services ....... A wisieren sraTeTE e .1325e

location in stations .1143-b

‘where required in stations ................... Sl 1143-6
Lightning protection wires. See also Ground wires...........1218-b, 1246-b
elearances 0f vy vo. cvve s es e s LA Mok .0...1220-g and b
Lightning rods, ground conmection for.. eomie s s anvn i BFE N EXR0 6 =a
Liné conductor, def.,......... ....................i.......;.1020-d‘ef. 29
Lines. See also Supply and signal lines; live lines. ‘
construction of, general ..........v.viieinaiss M s ani Al SN 120d,
isolation of ....oviiiinininiinina. s Vel PR R R 1204
oben, def, ti..v.enruneens e S S S .......1020-‘(113!. 34
~HOTE 08 BOPVICE « svi ste 005 40 et wo ok mel e et e S LRV 1208
Live lines, handling of .......... § e e 30 LRI, o 1404, 1405, 1406
not worked on, clearances of vertlcal and latera.l conductors from., 1226
climbing SpPace of .. .uueiinerncrnnnne s ...-.......'..'.....1225 -0
vertical separation ....... et R VAR I LR L P2 128 Be
permission to work on, by employes. v, cevaeese 1420
reporting clear ..... S e a R s nae eieme e ane s sas g TEBO
Live parts. See also Current-carr:ring parts. defiviii, .. o N LR 1020-1
. care about, by employes.............. o BT T, T 5 .1401 1408, 1424

handling of. See also Live lines. ...

3 waeTRe SR e e g e i st LA DA g
underground, guarding of...

A 4T R ivevneessnes1207-DB

WOrking on .............. T i o e oo A0
working space’ AHOUE woivsn pumeamsiy o 5 L1120-¢, 1311
Loading for, flat surfaces. R ..1242-p

]a.tt:ced structure ..

v wisisiacs sreie & .1242-p
s!gna.lca.bles........................ ..1281-0:
signal lines, longitudinal ................ ............1281b App. A-4
g IPANEVELEE ' v viuivien v 5 wildles s iTien s s 5 55 1281a.,App. B-1
_Supply cables ....... wn 4w Eaee a e A R ............_._,.,..._.1274-0

. Supply lines, longitudinal ................ooeenn..., 1241, App; A-4
; tra.nsverse SIS S b et e e e e e ..1242 App. B-1

Vertieal Ll seaiaesnan .......'.........1242 -a, ¢ and e, App, B-1

ELECTRICAL CODE—INDEX 295
Order No.
weeeae..1350-1
Locking and Blocking .........ccoevererevaans SO e BaE
Longitudinal conductors or runs, See Racks, Yol g
Longitudinal loading, table ............... S s dh " 1.2.8.0. b .1.281 12.87 2
Longitudinal strength of signal lmes ...... PER T e
of supply conductors ........overriniiaiiiniine, e A B SENGRE 1
of supply lines, special requirements.......... slas S5 vea .. .1249, 1270-g
Loom. See Flexible tubing. ; oy
Loops, subscriber’s signal ....... e ST e R R R s ....—...
Low-voltage protection ........... W R e W . w9 5 .1150 d, 1357-d

..1120-b, 1150, 13567

Machines, rotating ...... SRR R R ST . v
Magnetic foreces on: conductors 1010 o
Maintenance and repairs .........co0ainn o W izgu-d
signal lines ........... o o S e Pty Fyeelane
‘\vIa.nhfles and handholes, def ....... R i G e .1020—6.1e2fé3%32
covers for ............ LalEE dnee e ..:..1292_0
dimensions of ........... BRI EERESE R e W A e sy .:1292-51'
drainage of ......viiiiiiinan “““.1292-?;
entrance to ... . .:,izga-b
guards for ...cevenrrrsvanencmeins 7 - ....‘“1295&]‘
JoIntly used ....oeiiiiarenas i ol
10CALION OF tivveevevesinnsinrosesssosassnnnsssensssanssne iR
- minimum strength of 1295-h
openings, clearances of ....... . uvoiiaann Sra S e TR g
supporting cables N ... . eeiei i i .'.'..'.'.1292--d
(TN s e RSN T 1
Manufacturing processes in stations ......... o000 IO .132'1].:101;2113701
Marking of DOIES ..vevvireniaarinnns i A -g, -g
Mats, floors and platforms insulating, as guards fm‘ st
live parts of machines. R, PR R A TR .....111352‘
signla,l appa,_ramS §5 arvie S SRR SR e ..............l.'.....l.lzﬂ_a-l
:2&?2&-;%‘3‘5“3‘?‘25.:::::z::::::::.:......___._.......1120-d-4, titne2
Materials, approved .......ocoeataatarsnsanseranans Wi SV S 3
Mechanical data, copper, iron and steel wire. ;
anical protection of conductors.............. o e
Mecliozgz -c, €120-g, 1130, 1131-a, 1159-c, 1151-b 2, 1310-b, 1321-b-1, 1357£i]6§
Men at work tags .......-. AT Paoh bt st Rare eon s a SR chpie 5% arata dwe i LRSS ES .1233-)'
Messengers, required for sigmal cable.............ciciuvunnn .......1274 i)
supply lcable s R s o e e
twisted pair signal conductors......... 1283 -d, 1286-a
Metal cabinets, general requirements .............;.: ..1130, 1353
Metal molding. See Metal raceways. {548
Metal poles, See also Poles........c.ovvvinnnnasrecennans i et .”1205-11
grounding Of ... .iuiiuniiarnrssertniaoatan i iaraetaaaanes .120_5_!’
guarding of ...... sl SR e 1212-3
use of guys with ....... TR RS SISTA A T S A S amny 8o s .
Metal raceways, circuits, number permitted in......... ARl T O 333:-;
o Y I e e, 40
fittings for branch taps. . coovvv v vrrannatariianas izgg:ﬁj
floors, passing through.............. R S S 0 (O i
TEOATION! 5 diviwsiwmim oo suisrae ampin.e scompion . oo T O
partitions, passing through..........
SPHEES IM.verentenesrvviasonsssasaranes snaseianis
screws and bolts for...... § SEAEy EOER s s ..............1.314323i—c;
wires, insulation of......... R RS DER | TR SO A e -d-
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Metal-sheath cable
in conduit in damp places. . ..ov.v v vt Hraplinacd Lk s 1330-d
for hlghenotentioly, . i. biddi wod iiede st b A AL Lz 1357-g-2
BF BIENAL-BYSEOIIE: 51400 b e o sdiom oo 20 LGt b L gty 1391-b
Meter loops.......ouvunn.. PR T SN W AL ARE L & ¥ T I e L O 1343-h-1
Neters, 086 of SWIEOh WHEN, wcs v S Gl B L i b b e 1824-a
EXOUMAINE 0. voveiee wemwmmsmmmes samvn s seto it ks Ul ot 1313-¢
Meters, water, ground connectmns BT Seve it beaa AR, SRl i 1034-a
SRTNEINE {00 000 b pnivinns o lalbieie stesmints snse s st e L T, ot ]y 1034-a
Minor tracks, LSt 0f. ... tutntin e e e e 1233-b, 12356-b
T S I 1343-1
Modulus of elasticity, copper, iron and steel........oovovrvnsnernnnn. App, A-3
Molding. See Metal raceways,
yogdam N e e e e e dacet et b s g RO T, w1 1334
Motors and generators. See also Generators, bushings and bases of....1357-a
AR DARS $OT L coiv s svvi sveiie ey o e v s wee s 0L b ] s 1357-?1‘—1
IO CEAPEEEEL L b v b e ane S B TR A RS AN g TR LU 1383-b
BTOUNAIBE OFL, v i Daiene i dome Subd bom bt bmnie bl o DG ol e el 1313-¢0
BUaPdin® ofz: suscn e e nmcn o s il b voaes s e 0L 00 1310-a
LR b e e s e B R T IS CIT U SO e W (LU 1357-b-2
high potential, Wiring of . . ci.ee e diiois s ins enins tiion vadsibid 1357-4-2
low voltage, Protection oOf ... oiv,sviis ohons she it ans ancsea il 1357-d
reverse-phasge ‘Telays for.. ... i i eies v ae sas e e et by 1857-g
N SEAEIONS. vu .o v e o Fo stpteti s St et it L. 1150-d
for series-multiple operation..............uerersns e, 1367-h
speed Hmttation ofu, sunres v sim i sasm L2y o ob 2 vt : 1367-¢
of utilization Installations. . ......c.uuueiiiiines oo 1357
Weale SHETR Wik e sinbehils SRR el v et L0 1357-d
piataiey-te {or nren RIES MR ISR R R O BN i 1341-b, ¢ and d, 1357-¢
Motion Picture Machines and Booths..... R T RURL 1 T S 1378, 1379
Motion-picture Theaters, See Theaters. 2 .
Movable BEUDITENE . uieaici oot o et i o saiets 2575 00 vty L 1020-def. 32
Moving parts, guarding of...............0.... e e T 1112-p
Multiple connections, underground apparatus............ TR B 1299
MUIDIE BTOUNAR: +& o5 e oineinis sisacs simsntaias soals’ste st ane wtbili 1031-5-7, 1083-d
N
Neutral conductors, grounding of,.......... TR S 1031-a-1, 103145-2
identifieation of............vui.l. i igoals Arthne oo Do G 1340-¢
INtErEONNECtION 0F .o« i i in i som o oo b anns s w8 650 b v vies o 1341-f-2
EIIE 1000 oo momsmise, segiissn st S5 st assiiety, S e Sl o e e 1341-f-1
use of fuses and circuit-breakers ON....o.uv s eeeenninensnss 1032-a-2
NeW  CONSLIUCTION, 1t vt ittt et e ers e rre e e enrerransnnneens 1020-def. 33
Non-combustible construction 1141-¢-3,

1142-, ¢-2, and e-2, 1143-b, 1151-a, 1353- -a, 1358 -a, 1358- e-2, 1374-¢

Non-current-carrying parts, grounding of.......... A R i 1122-¢,.1313-¢
EURTHINE DI | acue e i o S egams. SRiaies SorSal Cramron oS e 1204-b, 1392.a
NUMBDEFINE 0F DOIES. o 1ottt et et vt et e e e ee e e 1204-¢, 1217-¢
0
OBBLTUEHON 08 POIES .. v yomwise i g $4/ 5050 0 0 F8A58 550 mrdinm rerereespo 1225-¢
Oil-filled apparatus, lightning arresters...................... whiaashi 1143-p
BWATCHBE: i baamceiemimne mnams ez meen s il gieb, HEtea wbi 1120-d-1
LaNSIOTINEIS &ttt e e tet b e ine e e e 1151-a, 1356-a-2
Omission of guys, signal line CTOSSINES. « v ... v tvussr v sesnennnnns 1281-b
Open wiring, ;
‘avoidance of inductance............ e SRR sk el siaas 1340-d
(o 3 Lo 1 N PO S . JCA O N ) liarg by o5 1343-d-3
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Order No
BUBLAINGE: | 10 0c s diaw i 2o Sbr nrmdin v mong sisre Srsnhd asim 3 e ol it L ey lg g
IRRGIELION " oy o o Paleii i ot Eowt TR SR reateha AL LA Tae .1343-a-1
insulation and braid............. bl b Dottt RIS, sede 1343-a-1
Jointy and splices Of WIPER. v wvwvn s v me s wes vate s ie dis 3505 1340-e-1
Brras M R O et s i et et o ISR T et SRS 1020-def. 34
BEDATALION OF “WIFBE o ot v oinlsie slemiam sirienls s aints oietuiern gonde wiebateasicy 1343-d-1
separation from other wires or PIDeS. .. ...t i ir e i eianas 1343-j
BUPPOTES wqnunins vuaies siaivs ars vy swe Boh e SWris 55 108 ob aitbnd o . .1343-@-2
Wires -entering GADINEEN. . v sy cvmai viden i v i sam i det saliee it e 1343
wires passing through walls and floors. . Seeies i R 1343-i
broken surface at outlets......oovvviinniennnn..in B AL 1343-n
Inttattloges. Lot bl Al 550 0 v srdine oo 4 o el a P VRO I BB By
INIXed: WITIIE . 4o v athe ve o vle s &ale W dEa o aie 3% sa e & Aol (0 ATl 1343-1
protection of cords at outlet boXeS....v il 1346-1
protection of wires at SOCKEIS. 4 vvcievvss i vineoviosneieeikioh ..1346-k
receptacles for portable attachments....................... 1346-f
BUT TR CE BNAD BWI OB 4 a5 555 00 5000 e e e g s et te s metn i bmbata et e 4102 1350-4
Lo L 5 R Rl T 1T 1020 def, 3
Outlet boxes and plates...... T T v..1330-f-1, 1330-g, h and i, 1343-m
Outline lighting.
CADINEEE S i i tete e e bty simieiete s e e esntasace-greearealbih sia B LR L e LI
FABAT EEOUEIE s 505 5510005 Dhae men aintalatacmtosatan meniar el ily IR L Lotk
Sockets and receDLaCles iuiuciiieie et Fren e S e e e L1
SWHEBHER: oo v snim waesmiivin
WHEINE YOL sy o smmsen sivarpin st sxases s anasibars: Ssaginiisas SRRt e BN
Operation of electrical equipment and lines,
adoption of, by utilities. ... vuuennrrrn e e
distribution and posting of ... ....covveivinrrineinniihny
knowledge of, DY €mMDlOYES. v v vuuntrsraeener s inesssinin s
TULEE: OX e Fyov s o siviarmn sswnasmmarars msmrarans. srbbhobi it A 30, Do sl oean, o
Operator, Chief. See under Chief Operator, [ !
Organization diGBTAM .. ..ot e e 1418
P
Painting of steel poles and tOWers. .u. i vuininuitnn et 1243-g
Patslboard, '@ef, . 'Ll Lol G A T Ll T e s N ..1020-def, 85
for lighting distribution systems...........coovoivulon. il 1354-b
Lor charging-in garages. : .o .. Sl aes Lot Pt d G, Lantle 1383-a
Passageways, wWorking space not used as.............v'rrsinnnrnil. 1311-¢
Pendants. See Flexible COrds. . ..vvuvvinrureieinieerenannnnsinnnns 1346
Permanently grounded, def. 0f.....vvvvreiuneeinnnsrninnennl.. 1020-def, 37

Phase failure. Sece Reverse phase relays.
Phase reversal. See Reverse phase relays.

Picture machine equipment and boothS. ......vurernnrnnnsvnnnnns 1378, 1379
IS DOTEE s syt iags s, s i) Wi i, 558 S0 oi ot 3 oty st ma r i A P App. B-1
Pins, insulator, dimMensions 0f....o.cvuuiininernnrennrssnnn. 1245-e, 1283-c .

material for,........... e e e AR B 1245-¢,,1283-¢

BENEtR OF .t iwi s spa vt mmeimn e 1245-d, 1248-b, 1249-a, 1272-¢, 1283-¢
Pins, structural Steel. ... ....uouuuvueeenrs e eeeee e s .1243-a
Pipe connections for grounding............covivorrninnnn. 1033-b, 1034-g

Platforms, insulating. See Mats.
Plug connecters, See Connecters.

Plug-type boards B R e s 1 0 -t
FOle: PA0E v b3 7055 EHERI SRR G000 S0 i Phies St 54 ettir szl 1020-def, 37
Poles,
clearances, from conductors......... 1221-a, 1226~ b 1227 EL 1270, 1287-d
' Erom HYARamitE:. 2w & ik wlbidiind wenos srooBBTRRan Sillng .1211-a
. fromerallesas o onl wnio e s gp wde o Ul .1211 -, 1262 1284-¢
OORBIEEE v 43 50 T e i B T ek s e St SR mrel R o2 1244
deflection and deformation of......ovoiienennnnnnnn.is, 1240-a, 1280-¢
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Order No.
depreciation of ... S e e mmm celee GRS W «oeJADD, B-B
depth of setting. . ... .coviiinrnnnnnnn., SO - 1283-a App. B-4
distance from street corners and curbs....... ST S vv..1211-¢ and b
eXDPOSUTE: £0: ATES L. i v vvin vijs s vaw v vd e g saldimm e e s i sEa 1211-d
foundations .......... §_SUIBINE HEESR R A e $ 1243 -¢ and &, 1244-a
guards for...... SO R S (T AT ARG I RS U 1211-b
identification of.................. e e e Lo T .1217-e
loading ...... A S I S e sad vraes e 1242
oeation ofs sina Teded TOVEY PSP SR TS DY Faon 1T v s TEER
longitudinal strength of, special cases........... . ociiiiiiiinaes o )
malntenants 0f, ¢ v vwwas oo awssien o g e App. B-5, 1244- b and ¢, 1280-d
minimum size of,........... S . .1217, 1244-d, 1283-a, App. B-4
resisting moment of..,........ Ry, S B WL i e R JApp. B-1
calculation of............... S el T T T % .. App. B-1
gelacted: & o i i poa e B B Ged ce ey aRE e ST 1244-6 App. B-4
BIENAT T8 oo s g s e s s 3y aads Sy et ...1383-@ 1288-¢
BEBOL o cuws ow omon o s KIS RIS SR et g ek e s ivlene TR
Strength of...v.eueiuironeninenrrnnns . 1217 -a, 1243-a, 1244-a
when used joIntly.........c.coivuwasnn 2.1272-b, 1273-a, 1274-a and D
shloesEes i, TOARIMIIIN dan i Sl §Rais v ey sk 1243-a, 1244-a, 1283-a
transverse loading on............... SR R e e 1242-b, App. B-1
vertical loading on..........v0vuan e T e 1242-a, App. B-1
wood ...... R AT L FCRCH R S x, s A ol o Aenitold et valnaian 1244
fiber stresse's THL 1o mmmmmrs it s =emansmae. B, AT, B, SR S App. B-1
Poler SEepi:. s o ia5, 00 a5 b s wee i e e e, TR e, 1204-d, 1226-a
Police-alarm apparatis. ...o..evinrrirraresssnoannenn i e s 1392
Poreelain TnsWIatons: v vos v s i smaes wewesrebidh G e Sazdhlany 1247-a
supports for storage batteries,............ ..o TP RPN Y PR A L AT 1144-d
Porcelain terminal bhases......... oo vvrenrrnarananan saalaes ven..1387-a-2
Portable cords. See Flexible cords. ... .vvvvverennnniann s wyeth e 1846
Portable equipment, def. ..o s s imanlbovias® o ivhmisnsn 1020-def. 39, 1346
Pot-heads
in stations....... AU EEIE RN e GRS CRETE OO O i =i 1131-d
of utilization installations................ pwami b gl SINRISE BRI 135T-g-4
Preservative treatment...... ... aniieverinannncsanssasanns

Prime movers, speed limit for,
Protecting., See also Guarding, mgnal appartuts. .1391-b and e, 1'392-0, and b

station equipment........ o e W S SREeE e Srebncaratie e o 1112-d, Sec. 112
vertical and longitudinal conductors....... S Ao e 1225-d, 1226-¢e
Protection against induced voltage. ....... .o iritieirnaniiinaas 1392-¢
Protective devices........... a e e SN SR R S e boa 1406
PubliC EATAZES . vievsviiaiosassoacsainninassas 1380 1381, 1382, 1383, 1384
Q
Qualification of employes, def. ... ... ooviiii i 1020-def. 14 and 49
requirements .......... R i 2hLe s o A A e 1400
Qualified, def....... TR RS SR R Wvaze 'y R T ai% 1020-def. 39

Raceways. See Metal raceways, def...... O e ..1020-def, 40
wooden .......ieeiiiiienns R — s suncape o R ] vee. 1334
RACKS in MANN0IES. ¢ v vyt v e e vt it iiisaniaaant s il s vowea s 1286-F
on supply lines, vertical ...... siee BRI SRS SR ¢ ....1221-q¢, 1223-g
climbing space for.......c0v.. R 5, DN S e T 4 vee..,1225-0

Radio signaling apparatus......... s s R OO ! I .. 1393
receiving stations only........cciiiiarann e n e Sasameeas 1894
transmitting stations..... noe gy 8 v ) 8 R SR e e e veews 1395
Radius of gyration.........c0vnn Sk SR R e § R B e Lo 1243-f
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Ratla, Order Neo
HemEIE OF, i 0 e 50 e ba e vae s P RO SR P S vee..1346-¢
PHTRA. i siwded avawvss ddividoe was g T P TR BB e iAie. T 1345~/
clearances of POIeS IO, . v vv e s i ire vt onenenssns 1211-g, 1262, 1284-¢
Railway construetion, electric.............. e S wiss T 1256
Railway crossings. See also Crossings, by electrm ra.llwayb ..... veasa1266-¢
assuring against loss of power at. . ... viiireinnnnn. ve..12456-a
clearances, of conductors above rails............... 1220-¢ and b, 1250-d
GEEroHeys abowe: BallEwes ollan o i s el Seales s 1267

grade of construction at. ...
Railway, feeders, See Feeders.
switchboards .....

Réceptacles, plug.
for flexible cord connections. ..
for portable attachments................cooueiuiin.n
of outline lighting....... e
of theater stages
10 SEEIORE vt s ST F3 5 TS A S b
Reconstruction, def Bfa simed S b e
Feduction in number of conducto:s permissible.

signal lines crossing railways. .o n e R R 0 1 |
signal lines on joint poles with supply 1115 91 b R BRI L Ll (L [ Lt M) 1272-d
Redwood poles.............. TR s VeRR EEn aud s RS S e st AL bR App. B-1
Regulators; induction, on DOles. .....viieeiornnineiseronneninos 5 S 1214
BN Poroine POTRE v elads o el sl alats S e s e et e vv-..1244-p and ¢
Relative levels of wires............ P R e I RN o 1230¢, 1254-a¢ and b
on jointly used poles.......ovvvvvrnin BEedLE M hln L L., 1230-¢, 1272-7
Remote control............ S i e ey e 1120-a-1 and 4
Repairs, inspection and.......... N I IR e R 1012
reporting defects........... v e Wb o S WAL SRARE T T Y 1412
Replacing equiDment. coivoueuieunnenianesnn Cevine...1244-p and ¢, 1280-f
Reporting defectS. ., ..o.vvuiiriirinrnninen S A A DAL L ARt BT A £ 0
Resistance of ground connections................. ol D e S Ea v 10356
Resisters :
of arc lamps, ete............... ST T e 3K Tk B 5 TR B .1363-¢
of controllers...... P R B LT o o NP L SRt o 13556+-¢
of cranes..... o S e e e e A ViR 6 AR SR e ..1358-e
in picture booths...................... o e LI e Shp e | AT B o 1378-f
rHeotat NN ea oS oy e R S e A AR S e Ve By Sl 1340-f
Resisting moments of poleg.....oviuiivitiiii it oinanesinois, App. B-1
Responsibility of emploves. .......ovvvu... e ] R L Lo 1402
Restoring service. . .......... .. ... AR s ageyiod e el p ey TR A S 1421
Resuscitation. See First Aid.
Rheostats, See under Resistors.
Reverse-phase relays..... Areie e B S R S e v 1357-¢
Rights of way, construction on fenceﬂ ....... e e o el e 1231-¢
Risers from underground systems. P R D, B S B Gt J TR A i 1297-d
Fig i Bt b 4l F eI T ARl e A e B Lol b 1205-b
Rivelts . oeaal Wiieis e Shrees s rh e oty S N e (L NS cpbonl oy 1243-a
Roadways, clearances of wires and conductors above.................
........... .1220-a, 1250-d, 1256-¢ and d, 1257, 1363
Rock,B'ettingofpolesin...................... EIERG LR Mg Ld A es App. B-4
Roofs, attaching conductors t0........covuieiiinnnenns 1210 b, 1228, 1385-a
Rosettes ........... Bt ot o M o AR L B S L 1 v .1360-e
Rotating equipment,
devices in addition to speed EOVEIrNOT. ........cvivviuraear s 1150-a-2
generators .......... R R o v e s 1 100=6; 1387
limiting ‘speed of D, ©, BOLOTE. Ju v unvan ss vosamman conam an s v o 1150-a-3
limiting speed Of Drilme IOVEIS. c 't e eis cn e e e en e meee e 1150-a-1
01 7e AT 0) o S S e s A ey R k. A sl 1150-d, 1357




Crasr No, i ) Order No.
1 stopping devices ...... . i i ...+ 1150-b ! et 1324, 1325-0
| | Wiringofspeedlimitingdevices................. eve..1150-¢ : BWILEHES OfF . v v oiwe Juv e g ' 1325
| . B . : street series circuits....... R U AP a
il RUBBeT, BLOVES iy i ain savi wesioe sieionioe arie faiv e i w3s $d08 W S BRI 1406 G sk 1 eng
! } Rubber-covered wire......1342-a-1, d-1 e e, 1343-@-1 and 2, 1891- -0, 1321-0 moLey cl;“u,d? we St e b R B8 e shains baiien R i
. il Rules, HOOK OF OPETALIME. .+« s trrerrererseesssnnnn. e Al SRR se"i‘fii};’ﬁi ead. i g g
| : ral districts, def. of............... g S L. 1020-42 ‘ : S LHERS NGUIRS B S VRS SSR wass e T T Ty
| Rl Aty dee ot v T Arip 100DS +.ovvvevigener i n ey ........-...........,‘....1321—13-3
' e ! ) 2 Bl insulation of WIrES.....coveciirnanasartiiines e nisc vewassesss 18810
‘ 8 ¢ ! minimum sizes and sags of leads...... iR i el sy S : 1219 |
i - i Anpsy A2 separation of wires.......oviviiciiiiiiiiiiiiii. . i, ..1321-a-1
.‘ Safety ADPUANEES 5 -oc e v womme vy vns nnne s abasdan o ssmibned s s 4408 supports ..,.... SRSt b hedd Bt R AL Seee Lo..1321-0-3
1 Safety belts, inspection of......... S B e e e B A S iy o LA 00 'where conduit is required......... o sineai SR S0, 1321-6-1 and 2
| use le T L O o v e e e s ey | L0 Services, underground. L " . i . -
| Safety switches ...........ovvn eveees.. 1120-d-1 and 4, 1350-7 and 4 protection of Wires............. e s dha e 4 ARG s e s I SO
| Sags, def, of........... S T ————. | ]| - A R S sealing Service tUDES. ... .vv.eree.oieens v oL BT L S e |
| basis of computa.tlons ........ S e o i b Shafiing Euaraing OF: . 0 shhcsbasnn s Pivh Srs TR s 0 NRHEIHITS, 435
. copper conductors, tables_.................._.....,.. ..App, A-1 Shields for signal cords........ BN g vt s pne : y
| different on same SUPPOrtS........c.ccevsieeeronren 1224 Short-span crossing construction. .. ..
| increased clearances fOr........coveviveeniaiiiaana, .. 1222 Signal equipment.
| iron and steel conductors, tables........oovveniiinnins LApp, A-2 "~ Pushings at wire entrances..... L &
it TEAAJUSLINENE OFu vuvuransnssiompin s ropesm st sins 2ne 1224-5, 1246-d B n Tans et S eh e et o :
| ‘ signal conductors ...........c.ciiiirrnnneraraneeeene..-1283-d, 1286 HPOT WITeN: 41 idads Lt S b Tadn
1111 supply conduetors . ....cverenriaioraeiaian et 1246-¢ and d, 1254-¢ suarding of current-carrying parts.....
., service leads_ e Gee 1219 guarding of non-current-carrying parts
Scope of orders, on grounding........... se. 1030 insulating jpints in ca.bles _______ ki |
W OB SEHHONE v e s e siamind s e sy Sec, 110 R SR b REOTN 0
on storage batteries............. : s s s 11440 protector eround  wire e
on supply and signal lines..........ocoovienn. aa sivit ae o AB00 ! protector ground Connectlun Ty f
on, utilization equipment........ceeeeieiereniiieiiiinirasa e Bec 130

protection against induced VO]tELgES £

. on signal equipment............... R TR ‘1390 radio signaling apparatus. See nider Radio signaling appara,tus
Boratrst. SR DO caone scnmms sgme smmine mwimims siae samm s eipitag s o b ase..1333-d transformers, etc. ....
Bealing conduit, hazardous locations.............vuun. A T e .1312-b-2 f W].res outside buildings.
Becondaries, grounding of..........0000hn caeeaines .1122 -, 1213-¢ and b ‘wires to protector.......... S, b

Selectedpo!es......................'................“...1244—c,App B-4
Separation of, bare parts.....cvviiei it e s
....1120-¢-1, e and h, 1142-¢, 1310-¢, 13‘11 1340-3, 1358b7 B 9 B.nd 10

‘wires inside building....
Signal TMhesMdets ol
2LONE Tt e e &

cables, UNderground ............... civesnrernenrrraeangupery.. 1208 [ ' classed as supply lines......... i pane cBOOIFRAN0) ML ap Sl dagg

conductors, See also Clearances ............ Teléarances, " See 'Clearafices, ¢ b ol ‘

| ; ceviereeeessens.1821na-1, 1843-d, h and j, 1365-g-7 1391;2 1395-0 g i e '-‘-‘--.-.i-.‘-----.-Q122'5-ﬂ'
" : \ ‘_horxzontal BODTOTER 0o e wcpssrems sawimen o 1222 ‘conduectors.  See Conductors, : I'f ' |

” . L | UNAErBTOUNA  +evvererrareaassnrarirssaagar ooy nn....1206-0 ' grossing or conflicting with supply lines............. 1234 1287
i where attached to bridges........ B R LI .1228-4 crossing over trolley contact conductors. .. : Al TLORE: I
“ | where attached to buildings.................. 228-e crossing railways grade of construction............covvainn .1235, 1280-a |
. lines not worked on alive..... R 11223 INSPEELION OF 44 v vvvyerveeaesaneesannenneenns 80-d |

|\ wires and eguipment on joint poles....... ...........1272_f R e e L B, 1280:1.

|' Series CIrcUitS. . oovvienenirionenanns vererenese.1323-a, 1360-1‘— minimum sizes of Material. . ......o.e.ess ] 1233

‘ relation of crossing span to line....... Al AL B

isolation of .....vvviiiiiiiiis i e ceeee 13238 strengthofconstruction.................. e il SR '.1280-b, 1281

position of ... .0.iiiian L i ..1221-b
preca.utmnwhenwmkmg B m e B o wh mie o e s gk npns s, | ARG
Series lamps. See under Arc lamps, etc. . ' '
Service, Aef. .. .uqeerrrarronneracnrineanenaess
|| : | interruption of L.....i.iieiiiiiiiiiiiiees

underground ....eicaeieneann B e TR R P 1286

‘ handling Of .. ouvesesronasvaosntounrpresasesiinssespiassosions 1429
i fire-alarm Hoes sionivieii chabiic,

1020-58f 46 ‘location of signal lines..... R Baiad Lt

on joint poles with supply lines, o2, L]
il | . maintenance of, on lines.... avoidance of conflict................. } ..1230 d, 1272 -a
; TEBLOTIIE  nvecnivinn oo wisis 675 aaind ot eie on s einc o signal lines above supply lines.. .. e el Gt 1273
| :

Service (supply) leads, size and SagS...........
cabled, size and Sags......... 40 0icenninnn
| connections Of .........evein.ns : ‘
I Services. crossings of in rural districts...
YT L R AR N e LB A

supply lines above signal lines i toynsi | LTS
with cabled supply lines...... : s R & o o
“poles £OTL. .unatii. Ll e R A e 1283&, 1288-¢, App. B-4

‘xjuies FOT, SNIDIGYEE e o el aiee saionn maa s ..Pari:4

. fuse : 3 bl eMPIOYOrs " .iiieeiiaawaiie teiaaaeaas . .Part 4
- ,separate to each hu‘ildlng.l ...... [ . short-span construction at crossmgs. B e A ce...1287-4
‘ services of 750-2,600 Volts...........ovieviiiiin s e = BpEEICAHIDNG: o il e e oo L, 1280, 1288

I "used only in operation of SUPPLY HOES. .0 vu e s r..1221-b, 1289
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Order No.
Signs.
acecessibility of .............. « W e ve...1366-c-1
connectors of ....................... 458 S S SRR SRR 3 ke sty 1366-b
grounding of ................ oy W N - U o i\ e | 13 S
BUATAING OF wuv ivwin va R T P e g vee..,1366-c-2
Y, SEREORE o iaan s e s stioh e B Rhe o S 1407
O HBEE 1o swones s eamen i TS S0 R S 1204 -c, 1229-f
switches of ................ S SRt e & 1366-a
warning and danger............. A ST R R Sk 55w 1407
Slack in overhead conductors,............. o Lo .1246-d
Slow-burning insulated wires......... R § .1342~a-1, 1343 -a- 1 1340-f

Slow-burning weatherproof insulated wire.
Snap switches. See Switches,
Sockets, connection of identified conductors to....

N BT N .1343-a-1

R TR o ...-1360-b-2

for lamps ..... Vs N I O e A S ....1860-d, 1361
for portable ha.nd]a.mps.................._.,, ..... e e .. 1346-m
guarding of Hve DAL ... bt i 0t s s son san o sas bannns P 1L 1
in hazardous locations. ...............c..00.vus. e S Taaan . AT
for outline lighting....... SRR ot e A o 1 1
protection of cords at........ Bimunrs M e e ey ogte i s LB BI0
TECRDEEABIBR © s vwie i e s .1111- ‘b 1346-f, 1360-d, 1365 b, 1375
Spans, averaged ............. Rl sty W AR TR s .......1242-€;toe
increased clearances for long spans ........ e .1220-b and d, 1265-¢
length of signal line at railway crossings. . e T P, 1282-¢, 1283-d
length of supply line...... f58 winTAIE moaVesane BEASH €8RS R W sl ..1218-b
8pan wires, clearances above rails and BYOUNG., , yowmenio mirimiye simin o 1220-a a.nj:l b
clearances on joint poles........... Wk e, SEAE Nt mran e T ——— 1272-1

insulators for s e o i L o
Sparking parts. See Arcing.

Special precautions, SUPDLY NS, ....eten . orsennninneenn.. vee...1210-B
Special requirements................... T Ty O (T ey 1358, 1370, 1380
Speclﬁcations, electric railway constructmn S P RN 1.
signal line construection.............. o CEle e e e SeaEn, i e, 128, 139
supply line construetion...............0o.........Sec 124, 125, 126, 127
supply station construction................... T S r——— .Sec. 111
Speed control and stopping devices.................. .,.1150 -a and b, 1357-0

Splices and connections
in supply cables..,..........

S R SR e R e e o prun e .. 1274-¢
location of, in crossing span...........c...oouivvnirinnn.nn.. .o..1266-a
of utilization equipment wiring....... A T S s 112" |
Spurs. See Climbers.
Stage wiring,
borders ........ e g R SR SRR it ,1375-0
CONNECLOTS .........ivvnunnnnnn. R T ....1377—&-2
equipment of picture booths £ NS £ e O A SR B RTAE sE 1378-¢
flexible cords ......... S TRy msneagin, st ot et s e 10213770
LOBTHERYR "o’ dun'sls svmine i AR RS 0 i mbamie R — soaiecs s LATE-B
house light control in picture booths R R SRl ...1378-f
lampsmpicturebooths_...............,.... ....... cesaneaeae..,1378-0
motors for curtains.......,.. e T e € TR S LT e &
plug receptacles ...... SE AT i peyeiri agaed B ..1375~a
portable arc lamps........ i SEaNE SR R e R e e . -1377-a
portable picture machines................... S5 R R e L 7 1379
portable plugging boxes..................... ...... e ....13771)-1
proscenium lights .,.... -~ p—— TR S P e 1375-b

rheostats in picture booths. .. I O PRSI 1 0 Y
scene docks ....... ;

W MRS B SR SR sy e vio v e L3TE-
special electrical effects.......... Ve R e e B S e s ....1375-f
string and festoon lights....,........... ,. .1375-e
strip and bunch lights................ T AR R SRR R .1375-0
switches in picture booths............... . e i s e 1378

ELECTRICAL CODE—INDEX ’ 303
Order No.
ventilating flues ........... iy i e ey SR SR i ¢ s s LD
wiring of picture booths..... P ot ATy St semacees B b R 1378-¢
Starters .......... el SEAR SRR SRR iR PR SR el 1350-a, 13565
Stationg, dol. uvi i e vl cea Cena TR vanavae.1020-14
construction of........ e B RN AR R SRR DRI R i ree ..See, 111
DEZETI0UE 1OCAEIOHA  Moye wein o s ssemimisress s sisome, s L — ooy 1121
identification of equipment., .. ... ... ..o eiuisreririnraririaiaa. 1123
Mumination 0f . ..d.ea 05 s i aie ves i bd BEG G ol SEE TR e 1111
outdoor .......... Sy e A R e S S VR R R v o E112d
protective grounds for...... Sl e e 1122
SE0DE OF ONAOTR. o o0 sipeiis wovimissisrn s s we Sovin STARGE Vi S viaea.Sec. 110
wentlatlon 0f. .. v eowae et s to st ang oy s nas e, 1110-b, 1144-¢
working space In.........iiiev0i00aan e L e B L
Steel conductors. See also Conductors. .......... ..1218, 1218-b, 1246, 1283-d
mechanical data for.............. SRS SRR woats sreles W ntase sk DDy Aef
Steel poles and towers, See also Poles..... R S SESTHY, AERSATESE a . 1243
Steel, yield point of........ S L Sl e . SR L LT
Steps, clearances of vertical conductors from..... S el Swalen SR o el e 1226-a
on machines ....... DER TR AR R DA e, iR R an ER s 1120-9-1
1 3 T ey ..1204-d
SLODBINE ABVICES o v winiv ymommns v ain sreaiest o5 e 60 8w a=ie: oo s g ...1150-b
Storage, in supply stations........ s g PP SOOI | o K1
Storage batteries, guarding live parts of.....ovivvviianiinns s S 11.2.0'0
hazards of .......
illumination of .......

installation of ........
isolation of ..
rooms, lamps in....

conductors in ........e0000000.0 sia i s e s e ey seie T dd el
floors of ...... N SRRy S S SR SR B e S 1144-d
ventilation of ............ ) PR TP T U SR NP |y 1. 1. 7T
Strain insulators, See also Insulators...... SR O OO CNCHTE ) [ 12_47—b
Street openings, guarding of........ Caa e e s b e sty e o LA BB
Street railway crossings, by signal lines......o.vviiinniininncaeneenns ‘1235—0
by supply lines....... e S G A TR e AR s LD e
of railroads ......... TR ST ST ST | S Leeaa. 1256
Strength of, cable messengers. P e O e o S o e S 5 .1274 c, 1283-f
CTOSSATINS, » s sos avvo s aats s i 1217-b and ¢, 1245-b, 1248-b, 1249~ -a, 1283-b
longitudinal sectiona of special Brade..... . ic.ipinianain Sarssned, . 1248
DR & el S s e e 1245d 1248?) 1249-q, 1272-¢c
Fplar. L8 PO Tt 121‘7 -a, 1240-D, 1243-¢, 1244, 1288-¢c
Joint]y used e NG .10 I b T WO B
transverse, special requirements...... O T - S vevees 1248
Strength of construction, See also Grade of construction.
electric railways ............ s e ameueie s sorfepation b @ blegass 5 1O LESH,
minimum requirements for.............. .. 00 iiiiiiniiinaae veo0 1201
signal lines crossing supply lines....... R ey e PP e 1287-a, b and o
and TEUWAYE oos cvmnrane ave ve dehas e iy 4. L
supply lines...... 2 T R ..o..1240 to 1249, 1250 1:0 1258, 1260 to 1268
special longitudinal ..... .1248, 1250-b and ¢, 1270-g
special transverse .............. o O TR T e o antatuiel okl (1248
supply and signal lines on joint poles...........uvuvue....1270 to 1275
Stresses in, Conductors...... e, SR 418 veee..1241, 1246-¢, 1281-b
COPPBT,, taBIER iy wi ove wmsmmen s W vk, SR B ¥ vereras ADppe A1
BUYS. it tneitnnnanranneenns PR b 1243-a, 12440, 1281-a and b
MAENAIE coe ah 4o i a6t o0 500 ntin e n et sh a1 e .1120-g-4
poles, conecrete .......... .1244-&
BEBBL o sovavis wemivn BEEEEERTORA SRS e b SRR Vaeloweseaean s 1248-a
WOOA ..ot e ..1244-¢, 1281-¢, App. B-1

steel and iron conductors............c.cvviuieninneriniaian.. ADD. A2
SIringINg WIreS ..uuiiiieiinerionnnrnrnrsnsecnrensssnernnennnses 14248
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Order No,

Structural steel SRRy mvimans ecuie s SRR 3 L v wo s s DO ADee

Btructures. See Poles, :
Substantial, def. ................. e s e crisieseeaes.1020-def, 48
Substatmns See Stations,

Subways, equipment in......... i
Suddenly moving parts. See Arcing.
Supervision of empioyes ....... s

Cerereesiiiee . 1120-a-4, 1121, 1312

TR, R T R 45 A O 1401, 1402

Supplylmes def. of... SRR aem rreene....1020-13
Lo e L 1231 1232, 1250-@, 1251, 1252
branch connections of. & S SR e R bt vinlney v 1BT5

cables. See Cables,
clearances. See Clearances.
ehmbing' Bpace .......

TN e s i e 3 s e v, LB D5 and ¢
conductors, See Conductors

crossing or conflicting with signal lines. ... ... .. 1280-d, 1234, 1270, 1271
crossing railways, overhead..... S S teeseceaaaa.. ... 1233, 1260, 1267
underground ................ e 1268

- crossing trolley contact conductors wiE Ry g .1255-¢
poiesfnr.................. ..... ................1243 1244 App.B4
rules for employers and employes.......... R e A e Pa.rt 4
short-span construction at crossings......... L1267, 127.:

‘specifications. .................. vee..1240- 1249 Sec 134 1‘75 126 127
Supply stations. See Stations. :
Supply equipment in factories..,...,......... ....1101, 1301
Supports conductors, See Insu]a.tors = )

for contact conductors. TSR ue e s e e s s o 180Bre, 1858

for rheostats and resxstors. Sas

++.133b6-¢

safe .. ceras 1408
Suspensmn insulators, increased clearances for. ot 1220 b and d, 1222-p
Suspension material for street lamps........ ..o 00 00 0 tevnsa..1216-B
insulation SR Snei s TS a6 A8 B E e be meae reetae o Ve »1213-R, 1363-¢

Switches, def. .1020-def. 49
accessibility ............ . "._,......135(']713
arrangement .....,.. ceeeas.18350-m

" blades dead when open 1350-1-:
capacity of ........ cevarea...1350-¢
clearances 135[}-771
contact and blade requirements. . ... ... § ST 3TN emte en. sosiaess s .. 1360-1
flush type (snap or push). . ;

G 111
forcarhouseandyards........... R P s 1 5
for cranes ..... teesraiiiiaaneae,.1858-0
for dimmers ...... e 18744D
for motor starting. .. P 11118 2
for outline nghtmg......... .. sivevnse., 1865
for services ............ e 1324 1325
for radio equipment.......................... :..1396-0
61 BIBOE i man e, N R W T T e e : ..1366-a
for short-cireuiting and groundmg A 1140—0 and ‘1142-f

for temporary wiring...... o
grounding of cabinets i3
guarding
' indicating ......

S L A T o PN, T P
cen...1313-0

mpmturebooths................................. e 200 .1378-d
in stations ........... St ol el s ety g DD '..1120d, 1140
installation in Broups......., o R T IR o 1350-n
‘locking and blocking of SRR T S e 13501

' number of conductors to be dlsconnected

Trrreeesiaiialn .., 1350-d
operation of ,.....,.

e 1427
‘of supply and signal llnES e e R Ly .1206-a and b
location on poles and- towers.....;. 3 e 1214-¢

" surface snap switehes.......

ELECTRICAL CODE—INDEX 306

Order Nu.

LIS BWIEChEE: wovvs v wvns s s W el e o SR eeneraen1850-0
to disconnect all ungrounded wires. .. .. W RIS PR S e v.0..1350-d
where required in SERHOIS. . 0vu et iy i o e s 1140-0
where required in utilization installations.................... i 1350-a
b5 af R oTa s L L o T ...............1020—;1&1’: 50
acodssibility of . .ovvnvininvivr s cevereevaasy,.1142-¢ and b-3, 1354-a
arrangement of ..., I T e v e 1142-@-1
dead front ............ ¥ B e S W R TR R den g ..., 1374-a-1
grounding non-current-carrying parts of............. o .1122:9, 1.313_0
guarding live parts of . ... .. ... 1120-e, 1354, 1310-a
handling of ........ccoivuvunn, oG, e i 290 e hatblite mtbara b inee s o TABT
identification of equipment............ VRS A S 1142-d-2
Mumination of ....uviiveinrunriinnenineanvnns { st sensaamed 110
instruments ........... .................1142-& dlanda~3 1142-¢-1
THOARION. o s svaas sneid s .................1142—?
TERERFTAL: o san v vnmins son s s 4 SR N 15 e st v sivlima .1142-c—f
plug-type ........... e SR SRS GBRE 1T e ST L] Bt 1120-3-:)
b o o o ey s ey e R e e A TR .112’(]-6.-3
separation of bare parts on................... ssvbi (30 e frsi SiFriens .1310-'(:
ST, TN w050 G4 G0 S0 ¥ a e e sommine sos e e mian s acii vl 1142-¢-3

Tables,
allowable number of conductors in a conduit,................... 1331-a
allowable number of conductors on given POIC. o s v s 1 App. B-3
clearances, wires crossing WireB.......0000. sy s cenenae ., 1220-¢
wires from ground or rails.............. N ceeannel1220-a
cnnduif size for given size and number of wires..... s e ey 1331-a
depreciation of wood pcles. e 30 wearEe i ey iR S .Ap_p. B-5
insulator test voltage..... BT M BTG R SRR ST B, STaa S o 1247
isolation by elevation............. p e Ay ST R R A s o0 0 1180-8
mechanical data for copper‘ iron and <17 =1} R M L .App. A-3
minimum, horizontal clearances and sepa.ratmns ..... SRR 20012210
size of conductors........ w33 R e TRy
sizes of messenger cdbles ..............
sizes of service leads:..,........
vertical clearances and se.pa.x ations
pole-setting depths .......... T R 2
vole sizes .......,. Eoaeieny siew e siath SR B e ...App, B-4
required conductor clearances and s&paratlons TR I e ..1222-q
resisting moment of poles,.......... S ——

resultant loads on conductors............
sags, signal conductors, copper and steel.
supply conductors, copper, iron and steel

stresses in copper conductors., R —— 3 .App.‘ A_..-l
tensions in copper, iron and steel conduc.tors. e s T App. ‘A-1-2
transverse force on conductors........ Cerenaaegan soipig g .- JADD. B-1
vertical loads on conductor supports. DT . T g —— SApp, B-1
wires, carrying ecapacity of......... T e e ceva.1341-a
working space about live parts,...... . 5 1120 a-1, 1311-b
pib o T 1T A 5 A gt Wl 1020 -def. 51
removal of ....... WA PG NS -1 1
RIEESTBE! ... % eclhin vosne siios sttt 56 : e e P ————— )
Taping ends and joints,..... L 1131-e, 1840-e

Taps, location of, in crossing span. G ST RS s 5 .1266-a
Telephone and telegraph, appara.tus. See Signal appalatus .‘,ystems
See Signal lines,

Temperatures, of rheostats and resistors.................. 1355-¢, 1358-¢-2
protection against excessive..... R S EE i L..1121, 1312-b, 1342-a
Temporary construction ............... SR W DG SRR S e 1000

.

20
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Tensions in, cable messengers. ...
conductors .. iiiiiiniraia i
copper, tables
iron and steel, tables...
Terminals, identification of.....
Terminal bases .......icieves
Test rooms, eleectrical...
Testing, of ground resistance...
of insulation of interior wiring.....
Tests for steel towers.......oevvn.-
Theaters, dimmer- switches of......
dressing room lamps..........
emergency lighting of.......
exlt Hghtsmi, Lo, bl e
inclosure of dimmers..........coouvs- 5 asuaedl
switchboards . ..vvivreiiiiriiasiarairsnns
Thermal protection of conductors............ L1141, 1351, 1341-¢c and d
Third rail ... . . PO i Ur T2 L k] T
Tie wires and other fastenings for, signal }ines et ol d siael283-0
supply lines . i .....................1245-(1, 1272-¢
special cases .. s e A SRR SRTI e S et > LABAD
Toe-boards for floors, platforms, SERIFE oo vmn s 5 L. 1112-0

Tools, safe T R AT (T Te0 N o o AR RS 14087

Towers. See Poles,
Tracks, minor ... v E i : 1233 b, '12356-0
Transformers, auto ..... PRl R L L SRR A L L e M .1356-b
grounding of ........... 1122 1313
guarding of ............ ...........'.......1214 b, 1310-a
installation of .. | veee.....11B1, 1214-a, 1356
of. drainage coils {
vaults, def, ........
transformers in
Transmission lines. See Supply 1mes
Transverse loading. See Loading,
Transverse strength of line supports, signal.
lines at railway crossings..... W ; ve....1280-b, 1281
supply lines .......... 5o . ,1240-b, 1242-D
averaging, three poles................- ceeiiii...1242-d and e
span lengths ...... / g Jieve...1242-0 and e
special requirements L E A
with joint poles....
Traps for drainage pipes in manholes
Trees, attaching eonductors to.......... !
protection from ..... 5 12()7 1266-b, 1287-g
~ trimming ...... ; SECu bl o b g i ) ¢
Trolley contact CONAUCLOES. . v v vt ii i inabinn s et s in e
e 1EBE, 1256 1341 -e, 1345- -a, '1358-b- 5 ﬁ "(, 8 9 and 10
attached to bridges....... £ veran s 12206
' clearances above rail and ground.......... 1220 a, 1255-¢c and @
guarding, at raflway crossings............ .1266-a
under bridges 5 it '2.............1236?
insulation for ........ B i A bR et 2T B L
on commonly used poles..... S Sl s e v w L aD A=
on Jointly used poles..... : : 1 s hhraas 4 i
Trolley feeders it s . viwenes...1220-¢, 1228-¢, 12564, 1255-a
Tunnel. See Subway. _
Twisted-pair signal conductors...................1234, 1283-d, 1286-a and b

ELECTRICAL CODE—INDEX 307

U
Order No.
Ultimate strength of copper, iron and steel............. ....1248-a, App. A-3
Underground, cables, See Cuables,
. conductors, See Conductors.
conduits and ducts. See Ducts.

equipment
TIGERT i hit s oAb e e
signal lines crossing under rallways
supply lines cressing under rall\vays.
systems, location of...
Under-voltage protection ....
Urban districts, def.. S e
grade of supply hnea 1n MU B Bl sl sikdnly 126,
Utilization equipment, def. o e ...1020-def. 54
classed as supply eqmpment
construction, installation and maintenance
voltage limits of.

Vapor lamps.
high potential tubes e i veiea...1362-D
mercury 5 e .1362-a
Vapor-proof globes ..... e wewes sk 123, 1318
Varnished-cloth insulated wires.. . .. 1342-¢-1, 1843-a-1
Varnished cloth wire.......... ceee e 1843-a-1
transformers in ........ ...1356-a-2
Vault, transformer, def.... i i ...1020-52
Ventilation of, manholes............. e 52 " vowavs :1292-d
stations . 3 - veeea . 1110-B
storage-battery rooms .. ciaea.1144-¢
Vertical conductors. See also Conductors, det. ... ....1020-def. B5
arrangement of........cihiienn . . 1223-f and ¢
separation of ............ - 1223-e and f
displacement of crossing span, signal lines over railways.........1282-b
loading. See Loading.
Visltors, in stations and substations...... ; . 1405
VOUBRE, @A6E  sewioe wvnior sy ...1020-def. 56
classification of, for vertical sepa.ra,tion. o ... 1223-¢
high, increased clearances for. = 1220-b and d, 1222-@, 1265-0
limits, for utilization equipment. reter) o, T S A 1300
protection against induced, in signaling systems.
reducer for radio equipment
Volts. See Voltage.

Warning and Danger Signs
Weather conditions .
‘Weatherproof cases .. S
Weatherproof insulating covering
Welders. See Electric furnaces and “’P]ﬂFI‘.‘.
Wind pressure, See Loading.
Wire gages, def,.......
Wires, See Conductors,
Wiring, armored cable, See Armored cable.
concealed knob and tube, See Knob and tube wiring.
conduit. See Conduit and conduit wiring,
in stations .........
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