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BEFORE THE
RAILROAD COMMISSION OF WISCONSIN

[U.-2776]

isi igsi ie Rules and
tter of the Revision by the Commission of the Ru nd
m t}gegn{[:?aﬁons Governing the Construction, Operation, and tl\galgr
tenance of Lines and Equipment Owned, _Memag_egi, Operﬁ ed, o
Controlled by Every Public Utility and Every Railroad ~0\I:r%ich
Across any Public Highway or Private Right of Way over .

Flectrical Energy is gI‘rs,ns-.rni’dced, or Messages are Transm

or Conveyed.

WrEREAs, An investigation has been eondilmt'ed b_y .the En_gl-
neering Department of the Railroad Commission jointly with
the Industrial Commission, involving the revision of the stand-
ards of safe electrical construction and operation, and o

Waereas, All railroads and public utilities un‘de? the juris-
dietion 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
tnvestigation, and . AL

WherEAs, As a result of sueh hearing andlmveshga}mn cer-
tain changes in, and additions to, the Wisconsin State Eleetru?,al
Clode have been adopted and promulgated by the Indpstnal
Commission of Wisconsin s their General Orders Nos. 1000 to
1499, inclusive, effective August a7, 1924; | .

I+ Ts Tmererore Orperep, That all railroads and publie
utilities subjeet to the jurisdietion of this Commission and sub-
jeet to the requirements of Seetion 1797m—1020 be, and they are
hereby, required to observe and eonform to _thc standar(?s 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 Furraer Oroerep, That all railroads and publie util-
ities subject to the jurisdiction of this C(fmptission, _be, and are
hereby, required to submit to this Cemmlsstlon full 1nforma’i?1011
regarding the construction and location (with map) of all lines
4o be built in the future and deseribed as follows:

Rlectric supply lines, of a voltage of nominally 2300 Yolts
or over between a phase wire and ground or between phase wires.
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Electrie supply lines, the voltage of which is raised, and when
this increase in yoltage requires a change in the separation of
the wires and clearance, between wires and ground or rails at
railroad erossings. '

Signal lines, where the construction will produce confliets

(not erossings) between these lines and supply line already
construeted,

Exzceptions
Lines which 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 order will supersede and take the place of the order of
this Commission with reference to standards for the safe con-
struction and operation of eleetric systems, decided Seéptember
12, 1922,

Dated at Madison, Wiseonsin, this 12th day of September,
1924,
RATLROAD COMMISSION OF WISCONSIN.
Lewis B, Gerris, Chairman
AporLrr KANNEBERG
A, R. McDonarp

Commissioners

Nore.—To facilitate the filing of the above information, blank forms
will be furnished by the Commission in duplicate upon application.
These blanks are to be filled out and sent to the Commission. One of

these forms will be returned for filing by the utility if the construe-
tion is satisfactory; if not, both will be returned, and violations of the
code pointed out; when amended, specifications are to be filed.
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WISCONSIN STATE ELECTRICAL CODE

INTRODUCTION

By Sections 101.1 to 101.31 inelusive, 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 Clommission to fix similar standards
and formmlate 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 Elee-
trical Safety Code were neeessary, and at the same time the
decision had been reached, that since safety and fire prevention
are inextricably interwoven, the safety and fire prevention re-

quirements should be combined in a single Tleetrical 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. : JLL, 1

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

Dr. M. G. Lloyd, Washington, D. C., U. 8. Bureau of Standgrda.
* Thomas Broughton, Madison, Wisconsin Compensation Rating an
Inspection Bureau. .
George E. Cooper, West Allis, Wisconsin Manufacturers’ Assoeia-
tion. ’
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, Electrical Utilization Equipment Manu-
facturers. y

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

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

A. C. Froderman, Milwaukee, Electrical Contractors and Dealers
Association of Milwaukee.

e
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As in the case of the Blectrical Safety Code adopted in 1917
the Ir{dustrial Commission acted jointly with the Railroa,d,
Clommission, which by Section 1797m—1020 of the statutes is
empowered to make and enforee rules and standards to safe-
gt}ard the public and to prevent service interference in élec«
trlc.al construetion 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
arEd t}:m: following years of 1920 and 1921. To assist t]-le com-
mittee in its work, a number of technical experts were called
upon to consult with the committee in conneetion with various
portions of the eode. The persons consulted were as follows:

G. G, Neff, Madison, Wi i oy, Li ;

G I Igiég;vegiﬁi&;lwa‘%ézgfI}Nmir;cﬁg;&;;T’T?e;fsﬁoﬁé}%&;ggg?my'

2 . Dorny Ohissor Wastarn, Battor. Blsctnial Wond,

G. G. Post, 'Milwaukeé, Milwaukee Eljé::trigcﬁs:iclz\ta}?awgl% h

v ight Co.

In Janmary, 1922, the committee presented a draft of the
Qroposed Wisconsin State Eleetrical Code to the two commig-
sions, and on Mareh 1st and 2nd publie hearings were held iﬁ
tl.le Stfi,_tfz Capitol at Madison on the code by the two eommis-
sions jointly. A number of suggestions for modifying these
orders were made at these hearingg; all of the 511ggestions-
were given full consideration and thoroughly discussed by the
Advisory Committee, subsequent to the hearings.' Most of
th.es-e 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 propesed Electrical Code, modified in ac-
cardfmee with various suggestions received at the publie
hearings, was unanimously approved by the committee and
recommended for adoption to the two commissions.

The ecode as presented by the Advisory Committee is based
upon the two excellent national codes, i. e., National Electricai
(?ode of the National Board of Fire Underwriters and the Na-
tional Electrical Safety Code of the U. 8. Burean of Stand-
ar‘ds. Valuable suggestions were also obtained from the Elec-
trical Code of the eity of Chicago. .

: On June 5, 1922, the Industrial Commission, pursuant to See-
tions 101.1 to 101.81 inelusive of the statutes, repealed the
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Electrical Safety Code issned and offective since July 1, 1917,
and comprising general orders 1000 to 1390 inelusive. On
the same day the commission adopted the General Orders, pub-
lished hereinafter (1000 to 1499 inelusive) and colleetively
known as the Wisconsin State Electrical Code, pursuant to the
same section of thée 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
Electrical Code had become exhansted. Experience in en-
forcement had brought to light vagueness in some of the or-
ders, inconsistencies in others and some matters of importanee
were not covered at all. Moreover, some meritorious new
equipment had been developed in the meantime whieh would
he 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 seeured with its nse and at the same time electrical
installations cheapened.

Henee the Advisory Committee was again called together to
consider the matter of revising the code before the publishing
of the second edition. The changes proposed by the Advigory
Committee as a result of its deliberations, were published in
pamphlet form and a publie hearing was held in the City Hall
at Milwaukee on April 16, 1924, at which all interested persons
were given the opportunity to present snggestions and eriti-

cisins not only of the Clommittee recommendations buf also any

other portions of the eode. All suggestions and criticisms elicited
the Advisory Commitftee

at the public hearing were referred to
for further study. This Committee on May 2, 1924, made a
ananimous report to the two commissions and the second edition
of the code has been modified in accordance with these recom-
mendations. -

On July 14, 1924, the Industrial Commission, pursuant to
Seetions 101.01 to 10131, inclusive, of the statufes, 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—f, 1295—a, 1295—¢, 1295—d, 1295—e, 1295—%, 1295—h,
199535, 1296—a, 1297—a, 1297—b, 1997—e, 1297—d, 1299,
1301, 1310—a, 1310—b, 1312, 1813—b, 1318—e, 1314, 1320,
1321—b, 1324, 1330—d, 1331—a, 1331—b, 1340—a, 1341—a,
1341—F, 1343—h, 1343k, 1346—h, 1346—c, 1346—4d, 1346—f,
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1346—%, 1350—a, 1850—b, 1350—d, 1360—f, 1350—Ik, 1351—a,
1351—d, 1351—f, 1351—g, 1852—b, 1353, 1364, 13556—d,
1356—a, 1357—g, 1857—h, 1358—b-1, 1360, 1361, 1362, 1378—c,
1378—e, 1378—£, 1378—g, 1382, 1391—b, 1891—e, 1391—i. On
the same date and pursuant to the same sections of the stafutes,
the Tndustrial Commission adopted the following general orders
to talke the place of those repealed :

1020—3, 1031—b, 1034—a, 1035—a, 1036—a, 1101, 1121, 1142—b,
1142—e, 1217—e, 1218—e, 1220—a, 1228—c, 1228—d, 1228,
1295—a, 1295—e, 1295—d, 1295—e, 1295—#, 1295—h, 1295—],
1296—a, 1297—a, 1297—bh, 1297—e, 1297—d, 1299, 1301,
1810—a, 1310—h, 1312, 1313—b, 1313—¢, 1314, 1320, 1321—b,
1324, 1330—d, 1331—a, 1331—b, 1334, 1340—a, 1341—a, 13411,
1343—h, 1343 —k, 1346—b, 1346—c, 1346—d, 1346—f, 1346k,
1346—m, 1350—a, 1350—D, 1350—d, 1850—f, 1350—k, 1351—a,
1351—d, 1351—f, 1851—g, 1352—b, 1353, 1354—b, 1355—d,
1356—a, 1357—g, 1857—h, 1358—b-1, 1360, 1361, 1362, 1378—e,
1378—e, 1378—£, 1382, 1384, 1391—b, 1391—¢, 1391—i. The
official publication of this action of the Industrial Commission
took place in the official state paper on July 28, 1924, and hence
hecame effective thirty days later, namely August 27, 1924,

LOCAL ELECTRICAL REGULATIONS

Section 101.16 subsection 1 of the statutes provides that when
any orders of the Industrial (lommission 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
chall 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 eity to enact and enforce
additional or more stringent local regulations, provided the
same do not abridge or conflict with this code or any other orders
of the Industrial Commission. A number of cities already require
ini_;ar"i-or wiring to be dome in conduit for a larger variety of
puildings than this code does, and where such is the case the
local regulation must be met. In other words, the State Elee-
trical Code sets forth the minimum eonstruction requirements
for the entire state, but where local regulations are more strin-
gent, in whole or in part, the additional loeal requirements
must also be met.
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Less 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 ag follows: :
The Railroad Commission will inspeet the properties of publie

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

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

@General Reguirements, Definitions, Grounding Methods.
Order 1000. Scope of Code,

This code shall apply as a minimum gafety and fire preven-

tion requirement for all electrical and signal equipment of
places of employment, publie 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 accesgible to any person, without fully
complying with this code; put all such construction shall be made
reasonably safe.

9. Rooms which are used execlusively for routine or special electrical
test work and, therefore, are under the supervision of a gualified per-
son, need comply with this code only insofar as is practicable for the
character of testing done.

SECTION 101. GENERAL REQUIREMENTS.

Order 1010. Character of Construction, Maintenance and
Operation.

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

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

should be so installed that the possibility of a leakage from; o:'onductor
to conductor, or between conductor and ground will be a minmum.

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 poliey 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
materiale have been disapproved by the Commission and provided the
manner of use does not conflict with this code.

(b) Methods of Installution. No methods of installing elee-
trical materials or devices in construction covered by this eode
shall be used which are not approved by the Industrial Com-
migsion.

Order 1012. Inspection and Repairs.

All eonstruction 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 gualified persons only.

SECTION 102. DEFINITIONS OF SPECIAL TERMS.
Order 1020. Definitions.

The following definitions give the meanings of some of the
terms oceurring in these orders; terms not defined will be under-
stood to have their ecustomary meanings:

1. Aliwe or live means eclectrieally 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-earrying’’ where the
intent ig clear, to avoid repetitions of the longer term.

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

3. Circuit.

(a) In general means a conduetor, or system of eonductors
and eonnected equipment, designed to carry an electric eurrent.

(b) Branch cireuit 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 eonnection with orders preseribing the protection of branch

eireuits, means points on such eireuits at which current is taken -

to supply fixtures, lamps, heaters, motors and eurrent eonsuming
devices generally.

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

5. Conduetor means a metallic condueting material, usually
in the form of a wire or cable, suitable for carrying an electrie
enrrent. In this eode when conductors of the bus-bar type ave
referred to, they will always be designated as bus-bars.

6. Condust. (See algo Definition 11.)

(a) For nnderground work means a single duet or a group of
duets for underground conduectors,

(b) For utilization equipment means rigid metal pipe.

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

7. Conflicting or in Conflict, (as applied to a pole lme) means
that the line is so situated with respeet to a second line (except
at crossings) that the overturning of the first line will result in
contact between its poles or eonductors and the conductors 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-
nected in or to an eleetric eireuit, upon which a voltage ig im-
pressed. Noncurrent-carrying parts arve those not intended to
be so connected.

9. Dead refers to current-carrying parts which are free from
electrical charge (not 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 ecirenits are usually

installed in civeuit 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 Equipmeni means equipment whick
produces, modifies, regulates, controls, or safeguards a supply
of electrical enmergy. Similar eguipment, however, is not in-
cluded where used in connection 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. Electrical Supply Lines meansthose conductors and their
necessary supporting or containing struetures which are located
entirely outside of buildings and are used for transmitting a
supply of eleetrical 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 he, are
observed.

14. Eleetrical Supply Stetion 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. Ezplosion Proof (As applied to protective inelosures of
electrieal equipment installed in loecations where the presence of
inflammable gas makes the atmosphere explosive in character)
means that an inelosure is of sueh eonstruetion that any explo-
sion of gas which may oeeur in the inclosure is localized and can-
not be transmitted to the exterior thereof. (See also Definition
22.) '

16. Ezposed means that an object or device 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
condneting body which serves instead of the earth, whether the
sonnection is intentional or accidental. (See also Definition 36.)

18. Grounded System means a system having a permanent
and effective electrical connection 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 current in the ground wire from causing a harmful voltage
to exist between the grounded conductors and neighboring exposed
condueting surfaces which are in good contact with the earth, or with
neighboring surfaces of the earth itself, under the most severe condi-
tions which are liable to arise in practice. ;

19. Guarded means covered, shielded, fenced, enclosed, or
otherwise protected, 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 proteeted, are mot considered as guarded. (See
also Definition 25.)

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

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

929 Inelosed means surrounded by a case which will prevent
aceidental contact of a person with live parts. A solid inclosure
means one which will neither admit accumulation 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 conducting sur-
faces by a dielectrie substance or air gpace permanently offering
a hi_gh resistanee 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
bo 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 condue-
tors insulated.

o4 Insulation (when applied to a material or device such as
the covering of a conductor or to elothing, guards, rods and other
safety deviees) 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 electric shock from the current-
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 ave used. (See also
Definition 16.)

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

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

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

99. Line Conductor means one of the wires or eables carrying
electric eurrent, supported by poles, towers, or other struectures,
but mot ineluding vertical or lateral comnecting wires. (See
also Definition 55.)

30. Manhole. (More accurately termed gplieing 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. '

91. 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.)

93 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 eonduits and con-
sisting of single conductors or of individual twisted pairs, as
opposed to multiple eonduetor cables.

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 connee-
tion to the earth (by means of an underground system of metallic
pipe mains or other suitable means) as deseribed 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 arve 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 eonstruction and opera-

_tion of the apparatus and the hazards involved. Responsibility
for the decision as to the gualifications 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.)

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

43. Sog—Apparent sag of o 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 at 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 conductor in the span, at 60° F., with no wind load-
ing.

46. Serviee means the conneecting eonductors by whieh 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 serviee 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 cireunit-breakers,

47. Signal Lines means lines for public or private signal or
communication service and devoted exelusively to the frans-
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 capacity of the
system. (See also Definition 13.)

Note: Telephone, telegraph, messenger-call, clock, fire or police
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. Substantiol means so constructed and arranged as to be
of adequate strength and durability for the service fo be per-
formed under the prevailing conditions.

49, Switeh means a device for opening or closing or changing
the connection of a cireuit. In these rules, a switch 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 usunally instruments, and
which are accessible both in front and in rear. Cireuits and
machinery of relatively large eapacity are controlled from such
boards.
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51. Tags mean tags or other markers of distinctive appear-
ance, indicating that men are at work on the equipment or lines
so designated.

52. Transformer vault means an isolated, fireproof inclosure,
either above or below ground, in which transformers, and the
devices mnecessary 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
o six-inch noncombustible sill at doorway and floor should be drained
to some convenient point outside building in which vault is installed.

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 which traffie
is often very heavy, is considered as urban. (See also Defini-
tion 42.)

54, Utilization Equipment means equipment, devices, and
connected wiring, which utilize electrical energy for mechanical,
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. Verticul Conductor means, in pole wiring work, a wire or
cable extending in an approximately vertical direction. (Bee
also Definitions 27 and 29.) i

56. Voltage or Volis means the highest effective voltage be-
tween the conductors of the circuit concerned, except that in
grounded multiwire cireuits, not exceeding 7560 volts between the
outer conduetors, it means the highest effective voltage betweer
any wire of the eireunit and ground.

In ungrounded, low-voltage cireuits, voltage to grownd means
the voltage of the circuit.

When one cireuit is direetly connected to another eireuit of
higher voltage (as in the case of an autotransformer) both are
considered as of the higher voltage, unless the cireuit of lower
voltage is permanently grounded.

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

57. Wire gages. The American wire gage (A. W. G.), other-
wise known as Brown & Sharpe (B. & S.), is the standard gage
for eopper, 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, eireuits, equipment and conduit, when the
grounding is required as a permanent and cffective protective
measure by this code,

Exception: The following orders do not apply to the grounding of
arresters on signal cirenits 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 ecircuits
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 1031. Points of Attachment of Ground Conductors fo
Parts Grounded.

(a) Direct-current Distribution Systems.

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

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

(b) Alternating-current Distribulion Systems.

(1) In alternating-current distribution systems the ground
econnection shall be made at the building serviee or near the
transformer (or transformers) either by direet 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 eonductors 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 econnection
shall be made to the conductor common to both phases. In two-
phase, four-wire systems, a ground connection shall be made
10 the nentral point of each phase.
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(5) In three-phase, three-wire, delta systems, the ground eon-
neetion 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. 7

(6) In three-phase, three-wire or four-wire, star connected
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 conneections shall be made to the grounded
neutral or other grounded conductor of a secondary system
supplying more than one utilization equipment, at intervals that
will fulfill the 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 cireuits or mains have been
blown.

(9) Alternating-current secondary ecircuits shall mnot be
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 disconnection of one
ground connection.

(¢) Avoidance of Current Flow over Ground Conductor.

(rounds shall be so arranged that under normal conditions
of service there will be no objectionable flow of current over the
ground conduetor. s

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 Arvesters and Ground Detectors.

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

(e) Equipment and Conduit.

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

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

Note: To insure electrical continuity of a eonduit system, it is nee-
essary o securely fasten all conduit in outlet boxeg, 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 corrode 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 antomatic ent-out be inserted in the
ground conduetor or conneetion, except in a ground conneetion
from eguipment where its operation will result in the automatic
diseonneetion from all sources of energy of the cirenit leads con-
nected to equipment so grounded. (See also Order 1031—h-6
and 1351—a-2.)

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

(b) Size and Capacity.

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

(2) The ground conductors for a three-wire direct-current
system shall have a combined current-carrying capaecity not
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<maller than the neutral eonduetor to which they are attached
except that the capacity need mot be larger than the largest
teeder of the same system leaving the station.

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

(4) For lightning arresters the ground econduetor or eon-
ductors shall have a eombined current-carrying eapaeity suffi-
cient to insure econtinuity and continued effectiveness of the
ground connection under conditions of excess current caused by
or following discharge of the arrester. No individual ground eon-
ductor shall have less conductance than No. 6 A. W. G. eopper
wire.

(5)For noncurrent-carrying metal parts of eleetrical equip-
ment, except econduit, armoured cable or metal raceways, the
conductance of a ground eonductor shall be not less than that
provided by a copper wire of the size indicated in the following
table: y ;

Rffwelg ?jnz_of ]
S D e Cul-gut Fround Con-
Capatity of Nearest Automatie Cul-ou e G

200 to H00 amperes
100 to 200 amperes
0 to 100 amperes
0 to 10 amperes (for portalile egu

ipment ouly)

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 conduectance 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. @& eop-
per wire shall be used where largest wire contained is larger than
No. 0 A. W, Q. copper wire,

(¢) Insulation and Guarding. . oty

(1) All ground conduetors of eirenits 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 uzed 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 econductors are accessible to unauthorized
persons or the publie, or when exposed to mechanical injury,
ground eonductors shall be protected by adequate guard.

(3) Guards for lightning arrester ground eonductors shall be
non-magnetic material unless the ground condunetor is electrically
conneeted to both ends of the gunard.

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

Order 1033. MNature of Ground Gonnecltion.

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

‘Note: “Awvailable” 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 metallic
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 eonnections 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 invelve 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 peint of
entrance to the building.

(e) Alternate Methods. ‘Where suitable nnderground metallie
piping systems are not available, other methods which will seeure
the desired permanence and conduetance 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 cireuits or equipment. In such
cases the building frame should be itself well grounded by effective
connection to the ground. This may requirve 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 ve-
guirements:

(1) No more than one such ground is required for lightning
arresters, except where for large current capacity. At least two
grounds are required for low voltage alternating-current distri-
bution ecircuits 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 cireuit 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 eonductor in accordance with Order
1032¢ wherever it is otherwise accessible, or to provide insulat-
mg mats or platform so located that persons cannot readily toueh
the ground conductor without standing on sueh mats or plat-
forms.)

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

Note: This order does not prohibit the making of drainage connec-
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 Conmnecting to Ground.

(a) Water-Piping Connections. Ground connections to me-
tallic piping systems shall be made (except as permitted below)
on the street side of water meters, hut.connections may be made
immediately inside building walls to secure accessibility 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 digturbance of water pipe, the ground connections may be
made on the building side of the meters, if meters arve 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 he taken to electrically connect all parts of the piping system
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 Connection. The ground connection to me-
tallie piping systems and eonduit 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 rust and scale have been removed or by means of a brass plug
which has been tightly serewed 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 cirenits 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 conmection
should be aecessible and its position recorded.

(e) Artificial Grounds. Artificial Grounds shall be loecated
below permanent moisture level where ground water level is close
to the surface. Where it is impossible to loecate 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 arve not available for deter-
mining the resistance of the ground conneection (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 cast-iron
plates are used, they should be at least .25 inch thick.



26 INDUSTRIAL COMMISSION OF WISCONSIN

When driven pipes are used, they should be of galvanized iron and
not smaller than ene 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
connection of any grounded eircuit, equipment or lightning ar-
rester shall not exceed the values given helow:

Water Artifiein]
- Pipe Grounds
Amperes Grounds
Chms Ohims
Toas Shaft T e manie s s Sy SRR R 15 25
b L SR | ISR UAR g SRR PES SRR S R i3 i) 11328
B an RBOME, i b Lo e m e D e e e S Borvlegs - 285

Exception: Where because of dry or other high-resistance soils it
is impracticable with artificial grounds (other than those protecting
low-voltage salternating-current distribution cirenits) to obtain re-
sistances as low ag 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 emrrent-carrying capacity of a civeunit from which
leakage can occur to the grounded cireuit or the continuons 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 cireuit, equip-
ment, conduit or arrester in the same vicinity, 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 eapacity 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 eurrent-carrying
capacities will be those of the automatic cut-outs in such cireuits.

(b) Checking.

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

(1) The resistance of station grounds shall be checked when
made,.

I P
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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 civeuit or the
grounded 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 artificial ground in
the vieinity, but not within 20 feet, > :

(2) If the station ground is to water piping, the check may be made
with eurrent 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 inspeeted 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 fo ground
at more than one place) from equipment and eirenits of each of
the following classes:

1. Lightning arresters.

2. Secondaries eonneeted to-low voltage lighting or power

circuits.

3. Secondaries of eurrent 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.

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

than eovered by Item 4, '

6. Lightning rods.

Exception: A common ground conductor for secondary distribu-
tion cireuits and service conduit at the service entrance will be per-
mitted provided the utility supplying the service has placed on such
secondary eireuits one or more permanent and effective grounds as
required by Order 1813 (b) which meet the resistance reguirements
of Order 1035,

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

(b) Arrester Grounds. Lighining-arrester ground connee-
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.
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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, including 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 guali-
fied person and accessible only to such persons. (See also
Order 1301, Section 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 Malerials. Rooms and
spaces in which eleetrical 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, TIllumination of Stations and Substations. (See
also Order 1144-¢.)

(a) Inmtensity 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
minimum foot-candles of the following table:
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Minimum Modern Practics
Foot-Candles Fooi-Candles

(1) Switchboard instr ts ga itel 1 2o 4
(2) Switchboards mf.h TIC CXPOSE hve parts. . 1 1t02
{3) Storage battery room. ......ooiciinaiin, 1z lto2
(4) Generating room, bmlea: room, pump room (af ma,chnmry or ex=

P L v o) AN B o S 1 2tod
{5) Stairways-and p (measir s made at Hoor level),

wheze thereis movmg machinery, exposed live parls, hot pipes, i -

.................................................... o

(6) ﬁny traverded space (meastired ab foor level) ... ... ceieenes Y t 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
safoty, but the “modern practice foot-candles” are recommended.

(b) Fiatures and Plug Receptacles. (Sece also Order 1346—4,
Section 134 of Part 8.)

(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 Tocated as to make un-
necessary the use of portable cords in dangerous proximity to
live electrical equipment.

(¢) 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 algo Order 1144—e.)

(d) Shading of Lamps. Overhead and loeal 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 Building Code. Buildings in
which electrical supply equipment is installed shall be con-
structed in every detail to comply with the Building Code.’

(b) General 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 ealled
for by the Building Code.

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

Order 1113. Fire Fighting Appliances.

Each 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
extinguishing agent are recommended.

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

SECTION 112. PROTECTIVE ARRANGEMENTS OF ELEC-
TRICAL SUPPLY EQUIPMENT

Order 1120. Guarding Live Paris.
(a) Eguipment.

(1) All ungrounded current-carrying parts of eqmpment shall
be suitably guarded if elevated less than the following distances
above floors or platforms:

Voltags of Part Elevation in Feet

300 to 7.0
7560 fo 7.5
2,500 ta 7 8.0
7,500 to 8.0
30,000 to 70, 10.0
70,000 to 100, 000 12.0
er 100,000 14.0

Exception: Where no guards arve ecalled for elsewhere in these
orders, uninsulated current-carrying parts operating at less than 7500
volts need 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 velts
on one side of the space, there shall be 4 minimum clearance of 3 feet;
it on two sides, b feet. .
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Hvi zgar\ghfze g'uharlcllaa{j mlzfst at times be opened, thereby exposing
» they shall be of insulating material ;
i g mat or 8o arranged that
ek ¥ make contact with live parts while being re-
pm(-fg) a:zh;l.'e pi;'lsons mgst at times enter inclosures, while such
1ve, ithe guards shall be of insulatin i i
g material, or in-
Zuta;ted from grround, unless removed horizontally 3 feet, for volt-
g(@uinto 700,.. and 5 feet or more, for higher voltages.
such live parts of equipment of outdoor stations and in

T 1 y;
51;8.1,") s (}eal,ed m tu!l"e].s ar Suh“& '?, Sha]l be IIICIOSEd In

Exception: i . ‘
Phel‘ize(it;;?t:mf_;q;zgme}?t ;li;szg‘ned to withstand the prevailing atmos
Lo which has the live part i o
contaet or isolated by elevation is exenfpte; SR uatied Kgatise

(b) Generators, Motors, M,
otor- '
i 1,150') 3 or-generators gnd Gmfve_rters.
v éjsiai;szgtﬁdbsteps or platform with insulated handrails, if
i » 8hall be provided on or about large mach; o
ing at voltages which will admit i sl 4 sl
of adjustment i
afford ready access to thege parts. AR s
& ( 2r) Wéth mach.mes having exposed live parts above 300 volts
ground Insulating mats or platforms shall be so placed that

operators cannot readily touch i

. . ve parts i

insulating mats or platforms. PR IART R e
r(3)dMach1nes haViZ.Dg exposed live parts above 750 volts to

f‘ ound, shall have suitable inclosing or barrier guards in addi
lon to the mats or platforms called for in (2) above -

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

The arrangement of cells and conneetions shall be such that
two current-carrying parts between which a voltage eti‘.'nG
150 volts exists, shall be closer than 3 feet e ——

Exception: If the parts are not l

T.o make accidental contact with b
ing is permissible.

so exposed that persons are liable
oth at the same time, a lesser spac-

(d) Switches, ireist-Bri : _
and 1141y oo Goreuit-Breakers.  (See also Orders 1140

k! (&l) All switches interrupting cireuits over 750 volts shall be
e remote control type or shall be enclosed in easings which

p‘erz?fut of operation without opening the inclosure thereby pro
tecting the operator at all times against danger ’ i
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Note: Large-capacity, high-voltage oil switches should be placed
away from the operator and operated by remote (ot level) control,
gince the blowing up of the oil containers may cause serious injuries
to persons in the vieinity, It is recommended that they be inclosed in
separate fiveproof cells or compartments. (See also Order 1141—e-2.)

(2) All switehes interrupting cireuits below 750 volts ghall be
provided with insulating handles and suitable insulating gnard
disks or shields so arranged between the handles and the live
parts as to prevent the hand from slipping into eontact with live
parts or being burned by arcing at the switehes.

Exception: Switches interrupting circuits below 300 volts are ex-
empted from this order.

Note: For the purpose of this order voltages in excess of 750 will
be included as below 750 where the excess is for purpose of regulation

only.

(3) All fuses and cirenit-breakers on cireunits over 750 volts
which are not isolated by elevation in aceordance with a-1 above,
shall have all eurrent-carrying parts inclosed.

(4) Where live parts of switehes, operating at more than 300
volts to ground, are not remotely controlled or inclosed, as per-
mitted in (2) above, insulating fleors, mats, or platforms shall
be so placed that the operator must stand on them while operat-
ing the switches or adjusting fuses and eireuit-breakers.

(5) When switches, disconnectors and fuses above 750 volts
which are ordinarily guarded or isolated by elevation as required
by a-1 above must oceasionally be operated without sueh proteec-
tion, adequate working space shall be provided so that the oper-
ator will not be required to bring any part of his body within
the following distances of the part:

Voltage of Part Distsnce in Teet
Tt o 7,500 1
TLEDO to 30,000, .. 2
30,000 to 50,000, .. 3
50,000 to 70,000, .. +
T0, 000 to 100,000 8
Above 100,000 i

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

(e) Switchboards. (See also Order 1142.)

(1) All switchboards located mnear passageways shall be
guarded from these by suitable inelosures or barriers, and shall
be made inaccessible to other than anthorized persons. Spaces

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

(2) Insulating floors, mats or platforms shall be so pla;_;ed at
¢ront 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 switch_board :apparat’us.

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

Exception: (1) Direct-current railway boards up to 150(? volts, so
constructed that the operator eannot inadvertently come 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 ave recommended where
isolation by elevation is undesirable or impracticable.

(4) Exposed ungrounded eurrent-carrying parts over 75'0
volts on back of switehboards, when not isclated by elevation In
accordance with a-1 above, or when working spaces called for
in exceptions to a-1 above are not possible, shall be guarded.
Parts above 7500 volts shall be isolated as required by a-1 above
or shall be guarded.

(5) Plug-type switchboards shall have no e_xpesed. current-
carrying parts on the face of board in excess of 150 .volts to
ground, except at times of making or breaking conmneetions.

(f) Lightwing Arresters.

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

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

(g) Conductors. (See also Section 118.)

(1) Conduectors operating at voltages over 750 ijlts, .when
brought closer to the floor line than the distances specified in a-1
ahove, or where subject to niechanieal injury, shalll be ggarded
by permanent screens, by inelosing partitions, barrier, guards or
by inelosure in metal conduit, metal duets, runways or compart-
ments of tile, bitumenized fiber, concrete or other suitable fire-
resistive materials.

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

_ age of the cireuit to which they ave connected.
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Exception: 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 switchhoards or in cableways, they
ghall each have a snbstantial flame proof outer covering.

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

. produeced ), shall be so supported that they cannot come in con-

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

(5) Ungrounded eonductors of outdoor stations and sub-sta-
tions located in tunnels or subways, when not run in conduit,
shall be installed on suitable insulators, 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 eircuits of large
capaeity 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 algo Order 1142—e.)

Order 1121. Where Explosives and Inflammables Exist. (See
also Orders 1144—e and 1144—f.) ,
Where explosives and inflammables 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, Seetion
131 of Part 3.

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

The low-voltage eireunits of all instrument transformers shall
be permanently grounded unless the ecircuits are installed,
guarded and plainly identified as required for the high-veltage
eireuits of the transformers.

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

Exposed non-eurrent-carrying metal parts of equipment oper-
ating at voltages above 100 volts to ground sha%l be grounded in
accordance with the methods set forth in Section 103 of Intro-
duetory Part. '

Exception: (1) All equipment in locations where there are no ex-
posed grounded surfaces within the reach of persons Wh(iil'f touc.hmsé
the parts under consideration and where none of the conditions hs{:,e
as hazardous in Order 1312 exist, and provided the voltage at which
the equipment operates ig less than 150 volts to ground, is exempted
from this ovder. ) ¢ i1,

(2) All equipment accessible only to qualified pe‘rsons, 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 sayi
qualified persons, at such times as said qualified persons may be in
contaet with any live part, is exempted from this order. !

(3) Exposed non-current-carrying metal pa_rts of supply fe.qu:..pment
of grounded direct-current circunits or series dirvect-ecurrent cireuits are
exempted from this order, if suitably insulated from' the ground .and
from neighboring grounded gurfaces. In addition suitable permanent
insulating barrier gnards shall be installed so that a p(frson 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-holders 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 sup'plly equipment
for signal cireunits are exempted from this order, providing they are
suitably insulated from the ground and neighboring grounded condue-
tors and surfaces, e

(7) Metal shell sockets and metal guards of portable lamps, if suit-
sbly 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 Yection 108 of the In-
troductory Part.

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

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

ELECTRICAL CODE—ORDER 1124 - 87

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 gimilar 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, cabinets and junetion boxes,
and the installation and proteetion of wires shall be made to
comply with Sections 133 and 134, respectively, 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—3-3.)

(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.

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

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

(e) Taping Ends and Joints, Ends and joints of insulated
eonductors, unless otherwise adequately guarded, shall have
aqual insulating covering with other portions of the conduetor.
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[ USES, CIRCUIT-
SECTION 114. SWITCHES, DISCONNECTERS, FUS . §
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 disconneetors shall be made to m}nforn‘l to .Ol'datr
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 shall be inserted in all leads ‘t.o genera-
tors, motors, transformers and all out-going and incoming supply
eireunits. ‘

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

(2) In cases such as between generators and transf?rmer banks
used with the generators, disconnecters only will be re‘guwed. .

(3) Where two or more pieces of electric supply eqmp{nent or sup-
ply lines are operated as a gingle unit no awiteh is required between

the(’:)- In underground manholes or in transformer va}llts, swi?:pheg are
not required, if not deemed necessary to meet operat1ng_ ):equlremem.;:?.

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

(¢) Switches for Short-Circuiting and Grounding. Swit_ch'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. Switches, which do

not make an air break, on cirenits operating at voltages 1 excess .

of 750, shall be protected by Qiseonneetors between them and the

source of cnergy supply. (See also Order 1120—£-2.)

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

(a) Compliance with Other Orders. The installation of all
cirenit-breakers and fuses shall be made to.canforxp to .Orde:r
1351, Seetion 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 1351—b, Section 135, Part 3.)
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(b) To Be Installed in All Leads. Automatic overload cir-
cuit-breakers or fuses shall be installed in all leads where
switehes are required by Ovder 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 current cireuits are exempted
from this order.

Note: See Order 1032—a-2, Section 103 of Introductory Part, for re-
quirements of automatic cut-outs in grounded econductors.
(¢) Locations.

(1) Such automatie overload protective devices shall be in-
stalled as near as practicable to the bus-bar,

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

(2) On circnits of indoor stations operating at a voltage in
excess of 7500 volts, oil eircuit-breakers shall, where practicable,
be eneclosed in separate fireproof cells or compartments, or shall
be separated by suitable barviers,

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

(a) Accessibility and Convenient Attendance.

(1) All switches on switehboards shall be so arranged that the
points of control are readily accessible 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 ecombustible material, unless switchboard is ofherwise
properly gnarded to prevent igniting combustible material.

(8) 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 and 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) Switchboards shall be made of non-combustible material.

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

(4) Tnsulated conductors, where closely grouped as in rear of
switehboards, shall each have a substantial flame proof outer eov-
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 eirenit on which the
conduetor is used.

(d) Arrangement and I dentification,

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

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

(e) Spacings and Burriers Aguinst Short Cirewil. (See also
Order 1120—h.)

(1) The number of bare parts on switchboards which are at
different potentials shall be as few as possible and shall be effec-
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 eir-
cuited or grounded by tools or other devices. i

(3) Fuses shall be so located as to minimize the danger, in re-
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 Occastonal Grounds.

‘Where protective grounds are occasionally required on eircuits
for the protection of workmen, a permanent ground connection
shall be provided and also suitable means for effectively and

_ '[-'
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rezl_d_ily connecting the parts to be grounded to the ground con-
nection. (See also Order 1140—e¢.)
_ (2) Ground Detectors, Hach 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 indication of a ground are preferable,

Order 1143. Lightning Arresters. (For Guarding see Order
1_120-f, for Grounding see Order 1122 and Section 103 of
Introductory Part.)

_ (a) Where Lightning Avresters Are Required. All overhead
lines to stations or substations shall be proteeted 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 eirenits over 7500 volts, lightning arresters shall be
so arranged, isolated and equipped that they may be readily dis-
conneeted from conductors to which they arve conneeted by air-
break manual disconnectors, having air gaps of not less than four
tir:ne-s the equivalent needle point sparking distance of the oper-
ating voltage of the cirenit to which the arvesters are connected
and in no ease less than eight inches. (See also Order 1120—£-2.)

(2) Such disconnectors shall be remotely eontrolled and oper-
ated or shall have the adjacent working space required by Order
1120—4d-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 conduectors equal at least to the in-
sulation demanded at other points of the cireunit in the station.

Order 1144. Stdra,g.e. Batteries. (For Guarding see Order
1120—e.)

(a) Seope of Order. This order applies only to storage bat-

teries exceeding 50 kilowatt hours eapacity at the eight-hour rate
of discharge.
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(b) Isolation. Storage batteries shall be placeq in separate
rooms or inclosures accessible only to properly qualified persons.
| Ventilati 3 so Order 1110—h.)
(e¢) Ventilation. (See also Order 2 ‘ _
(1) Such rooms or inclosures shall be so Ventlléll-ted as to re
move acid spray and prevent dangerous accnmulation of inflam-
mable gas. —
(2) Communication of drafts to other rooms shall be pre-
vented. .
(d) Suitable Supports and Floors. .
El) The cells shall be supported by suitable insnlators.
Exception: Small cells of insulating material are exempttffl. 1
(2) Suitable drainage or other means shall b’('i. provi ;1 a;—
neath cells to prevent aceumulation of electrolyte in case o1 leak-
age or spraying. ‘ ; i .
Note: Acid-resistive floors, such as vitrified brick set In piteh, are
recommended where large batteries are installed.
(e) Lamps. (See also Orders 1111 and 1121.) ,
(1) Lamps inside storage-battery rooms §11a.11 be of the elec-
trie incandescent type, inclosed in vapor tight globes. i
(2) Switehes controlling such lamps shall be located outside
of the battery room or shall be of the va,por.proof type. .
(£) Acid-Resistwe Coverings on Conductors. Conduc:tors in
battery rooms, if of sueh material or so_located .as to be hab_.le to
corrosion, shall have suitable protective coverings or coatings,
(See also Orders 1121 and 1124.)

: T, TRANSFORMERS, RE-

SECTION 115. ROTATING EQUIPMENT,

o ACTANCES, INDUCTION REGULATORS, BALANCE
COILS AND SIMILAR EQUIPMENT

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

(a) Speed-Limiting Devices. .

(1) Prime movers driving generating equipment shall be pro-
tected with antomatic gpeed-limiting devices where harmful over-
speed can otherwise oceur. o _ . i

p(2—) Such devices shall be in addition to their governors, if
ith s of turbines,
necessary, as with some types of .

(3) Se’parately excited divect-current motors, series n.lptors,
motor generators and converters shall have protective devices as
required by Order 1357—¢, Section 135 of Part 3.
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(b) Slopping Devices. Stopping deviees, such as switehes or
valves which ean be operated from locations convenient to ma-
chine operators, shall be provided for prime movers or motors
driving generating equipment.

(¢) Control Circuils to Be in Conduit. Where speed limiting
or stopping devices or remote control switches are electrically
operated, the control eirenits, by which such devices are actuated,
shall be in eonduit or otherwise suitably proteeted from mechan-
ieal injury.

(d) Motors. All motors shall be installed in the manner re-
guired 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 deviee of
proper design. (See also Order 1141—h.)

Exception: Public utilities serving lighting systems need not place
overload protection between lighting generators and bus-harg where
two 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
gsame is actuated by the entive generator current, and the action
thereof will completely open the generator cireunit.

(2) For two-wire direct-current generators, used in conjune-
tion with balancer sets to obtain a meutral for three-wire systems,
a protective device shall be installed, which in case of exeessive
unbalancing 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 eurrent from the
armature. Such gafety deviee shall be so interlocked that no one
pole can be opened without simultaneously diseconnecting both
sides of the armature system,

Exception: If such generators arve 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
capacity 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 cirenit-breaker, ot (2) a four-pole cireui t-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 1126—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 fr(_)m 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-cooled transformers used in stepping voltage up or
down before distribution, this will usually require a separate ﬂre-p?ooi‘
building, room or compartment cut off from the plant proper, prowd_ed
with not less than 6-inch non-combustible sill at doorway and with
floor drained to some convenient point outside the building. Traz_as-
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—ec.) . .

(1) Secondary cireuits of current transformers, 1nelu(.11ng
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 jnstrument or other deviee from
such eireuits without opening the eircuits.

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

(2) Where primaries are more than 7500 volts, secondary cireuits,
unless otherwise adequately protected from injury or contact of per-

sons, shall be in pernmanently 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 ‘GENER_AL REQUIRE-
MENTS

Order 1200. Scope of Orders.

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

Note: (1) It is not the intent of these orders to recommend a type
of construetion 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 partieulars not specified in these orders,

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

All electrieal lines and equipment shall be of suitable design
and eonstruction for the service and conditions under which they
are to be operated and all lines and appurtenances thereof shall
be constructed and maintained in aeccordance 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 gpecified minimum may be provided if other requirements
are not neglected in so doing.

(2) Service requirements frequently eall for stronger supports and
higher factors of safety than the minimum requirements of these
orders,

Order 1202. Lines Temporarily Out of Service,

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

Order 1203, Lines Permanently Abandoned.

If any support, attachment or conduetor of an overhead line
has been permanently retived 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
civeuit and allowed to remain in place when service is discontinued if
it is 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—g.)

(a) Current-Carrying Parts.

Conductors and other eurrent-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 publie
and to the employes not authorized to approach such parts or
shall be provided with guards so as to effectively isolate them
from accidental contact by sueh persons.

(b) Non-Current-Carrying Parts.

In urban distriets, ungrounded metal sheathed service cables,
service conduits, metal fixtures, and similar non-current-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
aceidental contact by unauthorized persons. Metal poles not
guarded or isolated shall always be speeially 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 imperfeetly 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 Voltages.

(1) When poles or structures carrying voltages of 6000 or
more are within 100 feet of any sehool, 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 ved 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 exeeeding 300 volts to
ground are carried on poles stepped nearer than 6.5 feet from thra
g.round or from other readily accessible space or on closely lat-
ticed poles or towers, guards or warning' signs shall be used to

i anthorz .d

1 Exception: (1) On poles carrying signal cable or twisted pairs be-
f&wt sfupply conductors one wood block may be placed not less than 3.6
ee” rom the ground or other readily accessible place without the use
of guards or warning signs.

(2) Structures on fenced 1i
( ght of wa; - i
guirements of this order. il s cokduii: e

Order 1205. Grounding Circuits and Equipment.

(a) Methods.

P.ermammt grounding for lightning arresters, for circuits, for
eql.ul_)meut, and for wire runways shall be done’aceording t{: the
requirements of orders of Section 103, and Order 1313, Seection
131, Papt 3, except for signal cireunit arresters, for u’*hi.ch”see
Order 1391—g and h, Section 139, Part 3. " RORL

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

In urban districts metal condnits, eable sheaths, frames, cases
: :

and ha]]\gel 5 Of eq 11 lpl'ﬂe}lt Shal]. b p }' 3
e elHlaLlE‘,]lﬂ 1. ee b] V f’]. ¥
Ild eﬂ? 3 i

Excepti 3 jui
equipmzrt;lto_?::. The above requirements need not be met when such
(é) G‘}Jarded from accidental contact of by unazuthorized persons
§3; ‘E;Eht fee::: or more from the ground or grounded surface. -
i Suen lme al conduit and cable sheaths enclosing signal condue-
- pply conduectors of not more than 300 volts to ground are
exposed to probable contact with circuits of more than 300 volts to

ground. b 1 5
g (See also Ovder 1204—b and Order 1318—e, Section 131,

Note: Metal conduit above |
‘ : ground, where containing extensi
zzriﬁnél:‘;!e;'gr;fndhmetabsheath_ed cable; is considered as suﬁcieit.rll:
y the sheath, if the sheath itself iz in g ( ;
: e ! good contact wi
;aolril:hlgl_s is connected to a permanent and effective ground. (See Stlft;1§
Introduectory Part.) It is recommended that supply cables

have the sheath bonded s ;
- ed to any conduit extending above the ground
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‘Order 1206. Arrangement of Switches and Identification of

Fauipment.

(a) Switches to Be Indicating. . ‘

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

iform Posilion. .

’(I‘I:J)m?iyrin};ize operating errors the handles or eontrol me_chal.n_sm
for switehes throughout any gystem ghall hlaﬂlre the same position
when open and a uniformly different position when clos;efli}. .

Exception: When this is impra.cticah.le the s:mtche.s Lj,houl e 850
marked as to minimize the liability to mistakes In operation.

(¢) Location of Conductors. g | o

All conductors and equipment’ of electrmal.supply and signa
lines shall be arranged to occupy definite positions, as far as prac-
ticable, throughout the system or ghall be 80 con;tructgd, locat?d,
marked or numbered as to tacilitate identification by employes
authorized to work thereon. |

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

Order 1207. Tree Trimming.

When trees exist near line conduetors opera.ting at voltages BX‘.
ceeding 300, they shall be so trimmed that nmt].}er the movement
of the trees nor the swinging or inereased sagging of c(.)nductm's
in wind or ice storms or at high temperatures will bring about
contact between the conductors and the trees, or clearance shall
be seeured by increasing heights of poles or by other means.

Exception: When conductors o_perat_g at voltages less tl;an. 751(1)21:
where trimming is difficult, the conductor may be pr(?teete ;_a.gaibe_
grounding through the tree and against abras',l_on by mterposil}gl =
tween it and the tree gufficiently non-absorpt}ve .zmd gubstantial i
sulating, tubing or strip, or the usze of free wire. ’ foy

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

SECTION 121. GENERAL REQUIREMENTS FOR 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 hnes. whether

or not they are required by Seetion 123 to have a deﬁmte.grac'le

of eonstruetion. The additional requirements for supply lines In

M

ELECTRICAL CODE

ORDER 1211 53

those situations whieh are required to have a definite grade of
construetion, A, B, C, will be found in Sections 125, 126 and
127. Orders 1211, 1212, 1218 and 1217 apply also to signal lines
whether or not they are required by Section 123 to have a
definite grade of construetion.

(2) The clearances and separations of conductors, elimbing
space, vertical wiring on all poles and clearances from other
structures shall comply with the requirements of Section 122,

(b) Special Precauttons. '

Where conductors are attached to structures other than those
used solely or principally for supporting lines, all orders shall be
complied with in so far as they apply, and such additional pre-
cautions as may be deemed necessary shall be taken to avoid in-
jury to sueh structures or to the persons using them.

Note: The supporting of conductors on trees and roofs should be
avoided.

Order 1211, Location of Poles and Towers.

(a) Clearances from Huydrants.

Poles, towers and other supporting structures and their guys
and braces shall be so located as to provide horizontal clearances
from them to the nearest point of hydrants and signal pedestals
of not less than 3 feet and to street edge of curb (unless strue-
tures are suitably protected from traffic) of not less than 6 inches.

Note: (1) It is recommended that the clearance of poles from
hydrants and signal pedestals be not less than 4 feet.

{2) When hydrants are located at street corners, poles should not be

set so far from the corner as to make necessary the use of flying taps
inaccessible from the poles. (See also Order 1215—a.)

(h) Guards,

Where necessary, poles and towers exposed to abrasion or
other damage which would materially affeet the strength of the
support, shall be protected by guarvds.

(e) Clearance from Rail.

Where railway tracks ave paralleled by overhead lines, the
poles shall, if praectieable, be located not less than 12 feet from
the nearest track rail, except that at sidings a clearance not less
than 7 feet is allowed. At loading sidings sufficient space must
be left for a driveway. .

Note: Supports for overhead trolley contact conductors may be

located as near their own track rail as conditions require. If very

close, however, permanent screens on cars will be necessary to protect
passengers.

— -
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(d) Protection from Fires. i

Poles and towers shall be so placed, guarded and mamtanfed
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 st'rength shall be
provided by the use of guys, braces, or other suitable construc-
tion.

(b) Angles and Dead Ends.

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

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

(¢) Guys Take Total Load.

When guys are used with wood or other poles or towers ca-
pable of considerable deflection before failure thlﬁy 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
structure as near as practicable to the center of the conduetor
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 protected by th‘e use
of suitable guy shims, and in this case guy hooks or o.f:he%' suitable
means shall be provided to prevent the guys from slipping along
the poles. Guy hooks or equivalent shall also be used wher-(?ver
the horizontal distanee from anchor to pole is less than two-thirds
the vertical distance from the ground line to the point of attach-
ment.

) Insulation,

((}(iiyf :‘gr,aehed to metal poles or structures shall be insulated
from them by suitable bloeking, when liable to be sub?cet. to elee-
trolysis of the anchors, unless insulators are placed in the guys

themselves.
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(f) Anechor 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 concrete.

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

(a) Where Required,

HKach guy wire or guy cable attached to any pole or structure
carrying supply conductors 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 conduetor 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 108 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. ]

‘When the guy wire to any pole earrying supply or signal con-
ductors, or both, is carried above or under overhead supply con-
duetors 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.

(¢) Grownding of Guys.

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

Exception: If an insulator is used which is permanently effective

against the highest voltage which is lable 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 erosses oY is above another, insulators shall ‘he
so placed that in case any guy sags down upon another the in-
sulators will not beeome ineffective.

(e) Strength. ‘ 1

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

(f) Span Wire Insulators. :

All span wires, including bracket span wires shall have twp
suitable insulators inserted between each point of support qf the _
span wire and the lamp or trolley contact eonductor supporte‘-d.

Exeception: (1) Single insulation is permitted in t..rolley Span' \lai*lre.
or bracket when supported on wooden poles supp_ortm_g only tao‘e’glr,
railway feeders or signal conductors nzed in the operation of t‘he 11a1.1 -
wéy concerned or on wooden poles supporting other cm}ductols ;v en
the insulator used is permanently effective against the highest vo tage

which is liable to be impressed upon T .
(2) This order does not apply to insulated feoder taps, used also as

span wires. .
p(3) If an insulated hanger is used, guch insulated hanger may be
considered as one of the required insulators.

(¢) Insulators in Suspension Ropes.

Effective insulators shall be inserted at least 8 feet from the
ground or grounded surface in metallic suspension ropes oOr
chains supporting lighting units.

(h) Mechanical Guards. _

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

Note: It is recommended that in exposed and poc}rh{ lighted loca-
tions such guards be painted white or some other conspicuous color.

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

(a) Location on Pole, .

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

Current-carrying parts of switehes, automatie eireuit breakers
and lightning arresters, if of more than 300 volts and located on
the elimbing 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 crossarm. The spacing between transformers
and similar equipment of supply lines, and signal equipment in-
eluding conduetors shall not be less than is required for the spae-
ing between supply conduetors and signal conductors in similar
situations . (See Table 8, Order 1223.)

(e) Working Space.

All eurrent-earrying parts of switehes, fuses, lightning arrest-
ers, also transformer connections and other conneetions 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-

duetors of eorresponding voltages. (See also Ovders 1424, 1425,
1426.)

Order 1215. Branch Connections.

(a) Accessibility. '

Connections of branches in supply eireunits, service loops, and
equipment in overhead construetion shall be readily accessible to
authorized employes. When possible, connections 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 contact 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 cffectively ingulated from the parts carrying 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
above 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 b inches.

(b) Material of Suspension.

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

Order 1217. Poles and Crossarms.
(a) Poles.

Poles used for lines for which no designated grade is required
shall be of such initial size, and where necessary s0 guyed or
braced as to safely withstand the loads to which they may be sub-
jected, ineluding linemen working on them. (See also Qrder
1212.)

(b) Crosswrm Bracing.

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

(¢) Location of Crossarms.

In general, erossarms 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 structure
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.

‘Wooﬂen poles set in earth shall be set in a manner whieh 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 structures for supp?rting supply or signal conduetors shall
p:a.rk such struetures with the initials of its name, abreviation of
its name, corporate symbol, or other distinguishing marks, as
follows: -

.(.l) I.n a community where a particular kind of serviee is sup-
pi}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 serviee is sup-
plied b.y more than one utility at least every fifth structure
owned in whole shall be marked by each such utility.

_(.II_I} All jointly owned struetures shall be marked by all
utilities owning an interest.

Exeeption: The marking of the first, la i

) ; i 1 , last and each tenth interven-
1ng st%ucture of f:pniﬁlnuous runs of uniformly and jointly owned strue-
tures in _urban distriets and the marking of the first, last and fortieth
intervening structure in rural districts will be considered compliance.
- h(]iV) S:’:ructures_ adjacent to a point where the ownership in
whole or in part changes shall be marked by t il
i - y the utilities con-

(V) Struetures at one side of railroad crossing shall be marked

Note: The marking of the nearest accesgil i )
i seible strueture withi
feet of the erossing shall be considered compliance. ik
(VI) Double structures, s i i
““H” fixtures, ete., shall i,ug;gilu?isﬁzgas P"ﬂesﬁupporhng' i
s, ote., 3 . markin structy
e v @ one strueture
(2) The iQentiﬁcation marlks shall be made with paint, stamps
1;11ef;za|,l tags, blr&nds, or other effective means, The marks shali
e of such size and so spaced and maintained as to be eﬁsily
readable from the ground.
(3) The 1dentiﬁeatiox_l mark shall be placed where practicable
between five and seven feet from the ground and on the side of
the strueture facing the ordinary vehiele traffic.

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

[ = X te agreements en t
Ilt)!es Ile Ovel'etl l} written lZOntI aets or
L4 £ 5 be twe he
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Order 1218. Conductors,

(a) Material. : -

All supply conduetors ghall be of copper, alummum (with or
without steel reinforcements), copper-covered steel, or .oth.er'x_na-
terial which will not corrode excessively under the preval.h.ng
conditions.. 1f of iron or steel and not copper-covered, eon-
ductors shall be galvanized.

(b) Mintmum Size.

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

: CTORS
__MINIMUM SIZES OF SUPPLY CONDU _
TABLE 1—MINIMUR SAN DISTRICTS)

B COPPEL. .o vv v irame e
f.Ilioaw.l c?xP I;dium Drawn Copper..
Steel

i Spens 150 Spans Dver
¢ Feet
Htranded Aluminum Feet or Less 150 Fee
St NS —= o -
; No.1A.W.G. No.0 A W.G.
Not reinforeed.. ....... b TR R s R e NG Gl
St%ef?einfmced ............................................. No

Note: It is recommended that except as modified in Ta}::éa ?, 21-:1?1;
1246, these minimum sizes for copper a:}d ste?l. be notuu?: 11:.hepﬁne
longer than 150 feet, Lightning protection ‘mrex.a.para e ‘m1g e
conductors shall be regarded, in respect to size and material requ

ments, as supply conduetors.

(¢) Protective Covering.

All supply conductors in nrban distric_ts, exeept trolley eon-
tact 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) More than 750 Volts. _ !

Supply service leads of more than 750 v?lts to. ground shai]l
comply, as to sizes and sags, with the requirements for supply
line conductors of the same voltage.

(b) 750 Volts or Less. ‘ |

(1) Supply serviee leads of 750 volts or less in sp_!an; n.ot e}}:
ceeding 150 feet shall be noft 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, and
27 inches for spans up to 150 feet.

TABLE 2—MINIMUM SIZES OF SHRVICE LEADS OF NOT MORE THAN
780 VOLTS

Situation Span 150 Feet or Less
7 i e o U [ R e S e No., 10 if soft copper,

Concerned with signal lines. . ........... No. 12 if medium or hard copper.
Over gupply lines of less than 750 volts. .. J’Ncr. 12 if steel.

Over trolley of less than 750 volts.......

Over any trolley in rural districts..,....|No. 8 !f soft copper.

Over supply lines of 750 to 7500 volts. .., No. 10 il medium or hard copper.

Over supply lines of more than 7500 volts | No. 12 if steel
in rural districts.

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

in urban districts.. ... .00 i No. 8 if medium or hard copper.
Ower supply lines of niore than 7500 volts [ Na. § if steel

in-urhan Astriets, . v ivnin s emeeme e —rade € reguirements.

(2) Supply service leads of 750 volts or less in spans exceed-
ing 150 feet shall be not smaller than required for Grade C 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 separate conductors supply service leads may be
grouped together in a cable, no individual conduetor of which
shall be of less size than permitted for separate conduetors. The

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

SECTION 122. CLEARANCE AND SEPARATION OF WIRES

Order 1220, Clearances of Conductors and Wires at Cross-
ings.

(a) Heights of Wires.

The clear space between the lowest overhead line conductor,
guy, messenger, are or trolley span wire or lightning protection
wire and the surface of rails, streets, highways, alleys or gen-
erally aecessible spaces across or above which the former pass,
shall not be less than that given in Table 3 at 60° F. with no

wind, where the conductor or wire has fixed supports and the
span does not exeeed 150 feet.




62 INDUSTRIAL COMMISSION OF WISCONSIN

The Wisconsin Statute reads as follows:

“Blectric Lines on Highways; Place of Poles; Penalty, Bection
13%%1? Any person, firm or corporation may, with the Wl‘lﬁten c‘;;n::;:i
of the supervisors of the town, construct and operate g 1}11::. :: o
graph, telephone or electric wires for the purpose of t.ransn;l. ;t g;m %h_e
or power along or within the limits ff' ar:iy highway, subje

icti conditions herein contained. )
re?}(r;)m;?f ;ﬁjs Esed in the construction of guch lines .shall bebsatt;:;
sich manner as not to interfere with the use of such h}ghwayth v e
public nor with the use of the adjoining land by the owner W:reg ;
and all wires strung upen suech poles shall be nob less thar.w.'-xf :.-;1; gn
four feet above the ground at all crossings and not less than tou
feet above the ground at all other places.”

. . » g it
“Poles, Crossarms, Wires: E«;csurityi Distance, Heights, Sectio
778-a—1.

“Tt shall be unlawful for any person, firm or cor_'poratw}':l. tudsir;;lng_
any wire, electric or other, over the tracks .oi_:' any stearfl rai I;?an -
pany except in accordance with the provisions of this sec 1;1) d e
such wires shall be suspended over a double crossarm attac t; Six.
pole at each side of the crossing, The poles shall nqt 'h‘? less than .
inches in diameter at the top, set not Iess‘than five fe(f,t in thef grc;iile 1:
securely guyed, and, unless the railroad right of way is not c:: gtl sy
width, shall be set mnot more than one hundred feet apar 2‘ e
crossings. All such wires shall be tied to ingulators on pins se m}_ﬁﬁg
crossarms. The crossarms ghall be attached to the poles by mic the.
helts and braced by at least one iron brace from each crossarm to =
pole. All such wires shall be maintained not l_esa than twen yt- i
feet above the surface of the rails at such crossing except th: 8 ;eét
yailway trolley wires shall be maintain;d not !esss E]han twenty-two

surface of the rails at such crossings. .
abﬁgiif{?:ad Commission to Enforce; Pena_ltie.s, Section 1‘?78-a——2:t.h

«The Railroad Commission of Wiscon_sm is hereby vestr?r;is wi 2

authority to enforce the provisions of Sections 1778-a—1 and 1_. 'wi—to
and any person, firm or corporation ordgred by the corr:imlsszge &
change its wires so as to comply with Sef:‘.tlon 1778-a—1 an h]. -Z i
failing to eomply with such order within _ten days from ;si e §e:111 :
thereof shall be liable for a penalty or forfeiture of twentyj ve dol ;r';;
and to a like penalty or forfeiture for every tEI_I d.ays during whie tl
shall fail to comply with the order of the commission, unless a greater
length of time to make such change shall i_)e specified by the con;n;l}?-
sion in said order, or in the manner provided by chapter 142 o e
statutes for the collection of forfeitures.”
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TABLE §—CLBEARANCES FROM RAILS, STREETS, HIGHWAYS, ETC

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

ductars or wires of classes specified at the h i
specified at the side of the table, el et e

Bignal All Con- All Con-
Conductors, ductors ductors
Mérsengers, Operating Operating
Guys, Bpans, | at Voltages at Voltages Trolle
Lightning from &00 from conta
- I Protection Vaolts to 15,000 Cenduetors
Natuore of Crossing Wires, and Ground up to (not feeder
Sapply Lines to 15,000 50,000 cables)
and Bervices Volts Volts
Less Than Between Betwean

300 Voltsto | Conduetors | Conductors
Ground

Crossing above track rails of steam rail- Fest o e, Tt

............................... (1) 27 1) 28 a0 22
Along streets or alleys in urban distriets | (2) 18 W 20

ing streets or roads in urban or 22 @
riral disbriets, . ... ... AR 24 24 2 24
Along the roads in rural distriets or other
places where vehicles are fiable to pass | (2) 14 18 20 (2) 18
Crossing above spaces or ways sccessible
o pedestrians only. .o oooo s (4) 10 15 17 (4 18

(Reference numbers refer to exceptions and additions below.)

Exceptions and Additions to Table 3.

(1) This elgarance may be reduced to 25 feet when paralleled by
trolley eontaet 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 iz sufficient clearance.

(8) This clearance is the minimum clear height in the middle of the
trolley contaet conductor span and the peint 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 eurbs where traffic guards are provided.

(b) Increased 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 voltages over 50,000 the clearances given shall be in-

ereased at the rate of one-half inch for each 1000 volts of the
eXCOsS,

= o Pl g
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(3) Where the lowest supply conductor at a crossing over

track rails is supported by sugpension insulators the initial elear-

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

(4) Provisions for increased 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,

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

The clear space between the lowest overhead line conduetor or
wire and any other conduetor or wire over which the former
erosses (except for crossings between conduetors and guy wires
or span wires on the same poles for which see MTable 5, Order
1221) shall not be less than that given in the following table at
60° F. 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 neaver supporting structure of each span does
not exeeed 100 feet. |

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

PABLE 4—WIRE-CROSSING CLBARANCES IN FEET

R ——

Go?ducl.urs Crossing Over
1

g Guys,
) Conductors| Serviges |[Conductors Conduct e
Si_ﬂal operating | operating operating | operating lspan wires,
Conductors Crossed Over sondustors|at 0 to 750] at Less at 750 af 7,500 jehining
X Voits than 750 | to 7,500 | to 50,000 Protection
Volts Volis Volts Wires
Signal including their cables and
TOOSEEHEC S, v o ecae szt 2 (2) 4 2 4 i} 2
Conductors operating at 0 to 750
M, wonvn s d e e s * 4 2 2 2 4 2
Conductors operating at 750 to
7,500 volta. ..., . I * 4 g ¥4 2 4 E'
Conductors operating at 7,500 to
50000 VOIS . . vverowia e nvenmannss * g %4 g w4 4 &
Trolley contact conductors and as- J
pocinted Teeders. . . voevoennssose (3) 4 {(8) (4) 4 4 t ] 4
Giiys, Inessengers, Epan  wires,
lightning protection wires and
BEPVIOD J0ODE. + (v s rernmriraes 2 2 2 4 4 (12
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: Note: - (1) Reference numbers refer to exceptions and additions be-
OW. :

(2) An asterisk before a clearance indicates that lines operating at
the v?ltages stipulated at the top of the column in which the clear-
ance in gquestion appears should not cross over the type of line indi-
cated in the horizontal heading for this clearance.

Exceptions and Additions to Table 4.

(}} Completely ipsulated sections of guys to supporting structures
having no conductors operating at voltages higher than 7500 may
have less than this clearance from each other.

(2) A clearance of 2 feet will be permitted where the supply con-
dlf.Ctt.)l' is above the signal conductor provided the crossing is not
within 6 feet from any pele concerned in the crossing and the voltége
te ground does not exceed 300 volts.

(3) Trolley contact conductors above 750 volts should have at least
6 fget clearance. This clearance should also be provided over lower.
voltage trolley contact conductors unless the crossover conductors
are beyond reach of a trolley pole leaving the trolley eontact condue-
fmr or are suitably protected against damage from trolley poles leav-
ing the trolley contact conductor. I

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

(d} Inereased Clearances.

- (1) Where the sum of the distances from the nearest support-
ing structures of two spans concerned to their point of crossing
exceeds 100 feet the clearances shall be increased by 2 inches for
f:ach 10 feet of ‘the excess between 100 and 200 feet and by 2
inches for each 20 feet of the excess beyond 200 feet. L

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

(3) Where the upper line at a crossing between two lines is
supported by suspension insulators, the clearances above lines
crossed. shall be inereased sufficiently above those given in the
precedlngltable to prevent the clearances from being reduced by
the breaking of a conductor in either adjoining span by more
than 2_5 per cent below the specified clearance.

(4) The above increases are cumulative when more than one
applies.

Note: The arrangement of insulators so that they are restrained

1.31'0m displacement toward the crossing will avoid the necessity of any
inerease over the clearance given. :

&
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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 (exeept 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
itself.

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

TABLE 5 —MINIMUM LINE CONDUCTOR CLEARANCES AND
SEPARATION AT SUPPORTS

Ap
also graer 1223 for lateral working space.)
Clearance
from S;{;:rn Clearance
and ires | from Burtaces
Harizontal Attached to of Poles or
. Beparation the Same Pole Crossarms
Classification Conesrned between or from Ver= or from
Conduetors tical or Vertical or
not of the Lateral Lateral
Same Phase. Conduetors Conduetors
or of Other of the Same
Polarity Cirguits Clircnit
Tnches Inches Inches
Bignal. oo i e B i A {1 8 3 2) 3
Direct current railway feeders No. 4-0 or larger,
O=T0 voltS. oo oo v imn e s A & (3 6 a
Railway feeders 750-7,500 volts and direet surrent s
sailways below No. 4-0, 0-750 voltg, . cooovnne 4y 12 {32 ‘55) [} 3
Supply conduetors 07,500 O o L Ly s () (4} 12 (3) (5) @ 3
For all conduetors above 7,500 volts add for euch -
Tev, over TA00 woltB. v viirinien vrraienied 0.4 () 0.% 0.25

(Reference numbers refer 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.

lying to conductors of the same eircuit or of different circuits. (See -
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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 B
feet from any supply line operating at voltages exceeding 7500 volts
carried on the same pole or structure.

(3) Where a 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 mot 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 oOr
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
materia_.l 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 clearance.
(See also Orders 1223—g.)

(b) Location of Wires.
Supply lines of any one voltage classification (See Table 8,

"Order 1223), may he maintained on the same crogsarm with the

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

(1) Tf they occupy pin positions on opposite sides of the pole.

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

(3) If the higher voltage eonductors oceupy the outer pin
positions and the lower voltage conductors the inner pin posi-
tions.

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

(5) If the two lines concerned are signal lines used in the
opgratmn 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. '

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

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

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

TABLE §—SEPARATION 1IN INCHES IFOR CONDUCTORS SMALLER
THAN NO. 2 A. W. G.

Separation for Sngs Shown

Voltage -
| 48 | 7 l 96 120 | 180 | 240
17.0 24.0 28 L bl
176 | 245 | 30 55 a1 52
185 | 255 | 31 36 45 5y
215 | 85 | 3¢ 39 48 55
................ a0 | 38 |- 53
................ aro | 43 41 57 4

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

Hag in Inches
Voltage | L
36 48 72 96 120 180 240
22 27 31
23 28 32
24 28 34
7 32 a6
31 36 40
30 41 45

Note: The formulas used in the derivation of the above separa-
tions are as follows,—for other voltages geparation may be ealeulated

by the same formulas.

For conductors smaller than No. 2 A.W. G.
Separation—2 in. per K. V.A6vE/a—a.
For conductors No. 2 A. W. G. or larger.
Qeparation=.2 in. per K. VAT,
& is the apparent sag in inches of the conductor having the greater
gag and the resultant separation is in inches. K. V. is the maximum

voltage of conductors concerned.

The blank spaces in the table indicate that for these sags and volt-
ages the values obtained by Table 5 are greater than those obtained
by the above formula and therefore apply.
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(b) Inereased Lime Conductor Separations and Clearunces at
the Supports of Suspension Insulators are used.

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

(2) Where suspension insulators are used and are not ve-
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 clearances 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 eonduetors at different levels shall have
an approximate vertieal height of mot less than that given in
Table 8 of this order with a minimum of 2 feet. ;

(b) Waidth of Working Space.

This space on the elimbing side of the pole extends laterally
from each side of the climbing space to the outer pin position of
the arm and With a minimum horizontal width from the face of
the Crossarm equal to the width of the climbing space required for
the highest voltage conductors concerned. (See also Order
1225—a.) i

(e) Freedom from Obstruction.

Sb vertical or lateral conductors shall obstruet this working
space. Suc:h conduetors, if not on the opposite side of the pole
from th'e'r climbing side, must be at least as far from the crossarm
as the width of the elimbing space required for the highest voltage
conductors concerned.

(d) Only One Buck Arm.
Since buck arms obstruet the lateral working space between line
conduetors not more than one single or double buck arm shall be

placed on any pole, unless the voltage of all conductors concerned
on the buek arms and adjacent line erossarms above and below
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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 cnncluct?rs
a}stached to the buck arm and the conductors on the adjacent line
arms to which the conductors on the buck arm are not connected.

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

(e) Minmimum Vertical Separations Between Conductors on the
Same Structures but on Different Crassarms.

The vertical separations between conductors of the same or
different voltage classification when carried on the same strue?ure
but on different crossarms 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 w}.lere 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 hr}es
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 yoltages in-
dieated 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
in Orders 1221—b, 1254—a and 1273—d.

TABLE 8 MINIMUM VERTIGAL SN "0n O N e " OLTAGE

ASSIFICATION WHEN CARRIED ON THE SAME
o SSSTRUE?TURE BUT DIFFERENT CROSSARMS

Supply Condugtors at Higher Levels

; ower Different | Same
R L T 750 7500 | Utilities m"_%rm«
0 to o 15,000 15,000
to 7,500 15,000 1o _to
750 Volts Volts 50,000 50,000
Volts {97 i (1) Volta Volts
Feef Feet i Teet . Feet 8 TFeet
ol TINes. .ovvnsirrrgmssazn-snans P (3 4 B i 5
Sié:al lrr::s uged i operation of supply Tines. ... 2 (2) 2 i 2 i
Dfo 760 valts. . oo ieeenimrires 2 22 & . i
750 to 7,600 volts. . A e 3

7,500 to' 15,000 volt;

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

" Exceptions and Additions to Table 8.
The specified clearances usually indicate the minimum vertical sep-
aration between parallel erossarms (center to center) at the pole, and

ELECTRICAL CODE—ORDER 1223 1

where these clearances are provided between the centers of the cross-
arms the elearance 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 4 minimum
vertical spacing between the respective conduetor 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 conductor
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 eircuits 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 construction
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 erogsarm
shall be at least 30 inches horizontally from the center of the pole
and the cable be so placed as not to obstruct the climbing space. (See
also Order 12256—a-3.)

(£) Vertical Arrangement of Conductors,

Supply eonductors of the same cireuit arranged vertically on
separate CrOSSArmS May Oceupy the same erossarms with supply
conductors 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 crossarms
shall be that required in Table 8 of this order for the highest
voltage concerned.

(g) Vertical Backs.

Conductors of cireuits of less than 750 volts may be carried on
vertical racks at one side of the pole where normal spans do not
exceed 150 feet if the full width of elimbing space is maintained
past the rack and at least 4 feet above and below. (See Table 5,
Order 1221, for necessary elearance from surfaee of poles.)
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Order 1224. Conductors of Different S8ags on the Same Sup-
ports. i

(a) Variation in Clearance. _ .
Lime conductors supported at different levels on the same strue-
ture and strung to different sags shall have vertiegl spacings at
the supporting struetures so adjusted that th}e minimun $p@§1ng
at any point in the span, at 60 F. with no Wl?:rd, ghall not be 1'e-.
duced more than 25 per cent from that provided for by Orders

1221, 1222 and 1223, at the supports.

(b) Readjustment of Sags. ‘ ‘

Sags shall be readjusted when necessary t{.) acen'mphsh 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 sizse_s are strung .to
the same sag for the sake of appearance or to maintain unreduccled
clearances throughout storms, the chosen sag should i.ae such as _wﬂl
keep the smallest eonductor involved in compliance with the sag re-
quirements of Order 1246.

Order 1225. Climbing Space. ;
(a) Supply Lines Alone or on Joint Poles with S::lg-ngl Lines.
All poles or structures carrying erossarms supperting supply

lines alonme or, supply and signal lines on joint poles shall’ be

a,rranged'and maintained so as to provide an unobstrueted vertical
climbing space on at least one side or eorner of the pgle or strue-
ture having dimensions horizontally each way as follows :

(1) With supply conductors alone of less th-a.n.300 .volts- to
ground the climbing space shall be not less than 24 Lnghes,

- (2) With supply eonduetors alone of more tha_n’B{](:) volts to

oround the climbing space shall be not less than 30 inches. .

(3) When lines of voltages between 7500 and 1‘5,000 volts are
worked on or climbed through when alive a climbing space of at
least 36 inches horizontally each way shall be prcvided. |

(4) With signal conductors on the same pole -a.nd belgw suppl,\'
conductors the same elimbing space shall be provided through the
signal eonductors as required for the supply conduefors 1mime-
diately above.

(5) With signal eonduetors on the same poh? and above su;?ply
conduetors not exceeding 7500 volts the climbing space required

for the supply conduectors shall extend up o a point at least 4 feet
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above the highest supply conductors carried on the pole. If the
supply conduetors exceed 7500 volts this distance shall be 6 feet.

Exceptions: (1) Where Men Do Not Ascend Beyond Conduclors.

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 velts, a 24-inch climbing
space is permitted.

(2) Protected Vertical Conductors.

Vertieal 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
or corner of this space when buck or reverse arm construction is used
are not considered to obstruct the elimbing space.

(8) Protected Longitudinal Runs,

Longitudinal runs of cable or conductors are not considered to ob-
struct 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 eonduit, 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 earrying signal
econductors 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) Special Clearance for Longitudinal Runs.

In cases where longitudinal runs of supply conductors 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 located at
levels at least 4 feet above or below other supply conduetors car-
ried on crossarms, sufficient side elearance from the pole center
shall be provided for the line conductors on the adjacent cross-
arms to afford the full width climbing space for at least 4 feet
above and below the longitudinal runs concerned.
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(e) Obstructions.

All poles shall be kept as free as practicable from posters, bills,
tacks, nails and other unnecessary obstructions. Through bolts
shall be properly trimmed.

Order 1226. Clearances of Vertical and Lateral Conductors.

Exception: Provisions (a) and (d) do not apply to po.rtions Of, a
pole which workmen never ascend while the conductors in gquestion
are alive.

(a) Climbing and Working Spaces.

Vertical and lateral conductors, ground wires and metal
sheathed cables shall not abstruet the vertical elimbing spaces (see
exceptions to Order 1225) or the lateral working space bet:ween
line conductors at different levels (see also Order 1223) or infer-
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 conductors which are rigidly supported on
fixed supports shall have the minimum separations and clearances
from other conduectors, eonduits, pole gurfaces and guy, span or
messenger wires provided below. Where not go supported greater
separations and clearances shall be used. (See also (e), (d) and
(¢) below for exeeptions.)

Note: This order is not intended to prohibit the placink of supply

circuits of the same or next voltage classification in the same iron
pipe if each cireuit or set of wires be enclosed in a metal sheath.

(1) From surfaces of supports and from other CO]].dU'GtQI‘S of
the same cireuit 3 inches for 7500 volts or less, plus .25 inch for
each 1000 volts over 7500 volts. (Highest voltage concerned
should be used as basis for caleulation. Also see exception under
Note 2, Table 5, Order 1221.)

(2) From span, guy or messenger wires and from conductors
of other circuits 6 inches plus 0.4 inch per kilovolt (highest volt-
age concerned ), in excess of 7 500 volts for supply eonductors and
3 inches for signal eonductors.

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

(¢) Vertical Supply Conductors Through S_*i_g_ml Qonducto-rs‘

(1) Vertical econduetors including gr'ound wlvu'es which .are car-
ried through a space occupied by signal cireuits shall be inclosed
in insulating condnuit 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 feet below the lowest signal con-
duetor to a point at least 6 feet above the highest signal conductor

or equipment if the supply voltage exeeeds 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 thelatter case the distance above the highest signal con-
duetor or eqguipment may be reduced to 2 feet if the supply voltage
is less than 300 volts and 2 feet has been established as the vertieal
elearance. (See Exception 3 to Table 8, Order 1223.)

Exception: Vertical and lateral conductors of street lighting cir-
cunits and service leads of less than 750 volts may be run on the street
gide 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.)

Vertieal eonductors of not more than 7500 volts shall clear the
pole eenters 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 earried
on or within 4 feet of the pole. If the vertical conductors are of
more than 7500 volts this clearance 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 conductors, 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 ecovering
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 dig-
tance of approximately 5 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, kuobs or brackets provided they are
rubber insulated twisted pairs and do mot 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 Near Grouwnd.

Where within 8 feet of the ground a suitable mechanical pro-
tective covering shall be provided over all vertical conductors, in-
cluding lead sheathed cables. The protective covering shall be of
wood molding or other insulating material if for the ground wire
of a lightning arvester.

Exception: The covering may be omitted for cables and for ground
wires having a triple braided weatherproof insulation in rural dis-
tricts and for cables armored or installed in grounded metal conduit
in urban distriets. A

(£) Conductors not in Conduit.

Conductors not incased in conduits shall have the same clear-
ance from conduits as from other surfaces of structures.

Order 1227. Clearances of Conductors of One Line from Poles
and Conductors of Another Line.

(a) Clearances from Poles.

Where conductors of one line are carried within 6 feet from a
supporting structure 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 gecond line shall; if
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, inereased by 1 inch for each 2 feet of the
distance from the supporting strueture of the second line to the
nearest supporting structure of the first line. The elimbing space
on the strueture of the second line shall in no case be redueed by
a conductor of the first line.
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(b) Clearances from Conductors.

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

1t shall be at least equal to the apparent sag of the conductor
having the greater sag plus .2 inch for every 1000 volts of the
highest voltage coneerned.

Order 1228. Clearances from Buildings.

(a) General.

Conductors shall be so arranged and maintained as to hamper
and endanger firemen as little as possible in the performance of
their duties. .

(b) Ladder Space. ;

Where buildings exceed 3 stories or 50 feet in height overhead
lines shall be arranged where praecticable 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

. raiging of ladders.

(e) Clearance of Supply Lines of Not More Than 7500 Volis.

(1) Supply conductors operating at voltages mot exceeding
7600 (unless in grounded eonduit or metal sheath cable or other-
wise rendered inaccessible) shall be so arranged that they do not
come nearer than 3 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 balceny 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 more than 3 feet above building roofs which cannot readily be
walked on.

9. Where the above clearances ecan not be provided or where
supply conductors are placed near enough to windows, verandas,
fire escapes or other ordinarily accessible places to be exposed to
contact of persons, the conduectors shall be properly guarded by
conduit barriers or otherwise.

(d) Clearance of Lines of More Than 7500 Volts,

Conduectors 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 1ot
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 aceordance with the following table:

Distanoe of Wire fram Tlevation of Wire-ahove Cornice
uilding ' of Building
Feet Feet
s 0
20 2
14 4
10 (]
34 :
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 Buildvngs. )

Where the permanent attachment of open supply eonductors 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 dlso Section 132,
Part 3.)

(1) COrossing Raofs.

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

Order 1229, Clearances from Bridges.

(a) Accessible Portions.

Supply eonduetors 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
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attachments. For conduetors operating at voltages above 7500
(unless in grounded eonduit or metal sheathed eable) the mini-
mum clearances shall be those required by (b) and (¢) below.

(b) Ordinarily Inaccessible Portions: Where Atlached.

Open supply conduetors passing over, under, or near g bridge
(other than brick, concrete, 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

0.
)
3.
a.
7

oD oo

15,

(¢) Ordinarily Inaccessible Portions: Where Not Attached.

Open supply conductors 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

g 3.0

5.0
15,000 to 25,000 . 7.5
25, 000 to 35,000 9.0
Exeecding &5, 000 12.0

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 Ozder
1221 for elearances from surfaces of poles and erossarms or less
than the following :

Span Length Beparntion in Inches

E=k-24

I;;E a1 A S S R e LN U S S R s -2 e S
to 50 feeb. . ...l P i e L e S L BT ) B
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(e) Trolley Contact Conductors.

Trolley contact conductors attached to the under surface uf_
bridges shall be provided with a substantial inverted trough of .
non-condueting material or other suitable means shall be taken to
keep the trolley pole from making eonneetion between the trolley
eontact conductor and the bridge structure.

" (£) Warning Signs. [

The pin-supporting strueture attached to bridges ‘shall be
plainly marked with the name, initials, or other identifying ?n.ark
of the utility responsible for the attachment and, in addition,
when the voltage of the conductors exceeds 750 volts, b__y the fol-
lowing or equivalent sign ‘“‘DANGER—DO NOT TOUCH.”

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

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

(a) Various Conditions of Hazard.

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

(I) When concerned in crossings or confliets.

(II) Where carried on the same supports with othep lines,

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

(2) The conditions determining each grade of construetion 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) Grades of construction A, B, and C are deseribed in the
orders of Section 124, Grades of construction D-and E are de-
seribed in Section 128, In any ease where two or more of the con-
ditions listed below exist, the grade of construetion shall be the
highest ealled for under any item applying.

(5) Where one line erosses over or confliets with a.nother‘ the
orade 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 gignal lines and to neighboring lines as given in Order 1289.
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(b) Double Crossings.

Where a line erosses in one span over two other lines, the
strength of construction shall be not less than would be reguired
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 required to comply with Grade A
construction at the crossings. This is a double crossing and intro-

duces a greater hazard than where the upper supply line crosses the
signal line only.

(e) Arrangement of Relotive Levels.

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

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

(2) Where circuits of different elassification are concerned in a

erossing, eonfliet, or common nse of poles, the construction for the -

cirenit 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 ahove
the other,

(d) Awvoidance of Conflict.

(1) Two parallel pole lines, either of which carries supply con-
duetors, 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 following supply lines in urban distriets shall comply with
the requirements of Grade B, exeept as given in (b) and (e)
below :

(1) Lines of more than 7500 volts.

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

Vi s
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(b) Grade C. ‘

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

(1) Lines of more than 7500 volts if in cable having perr‘na-
nently grounded continuous metal sheath or armor and complyng
with the requirements of Order 1274. -

(2) Lines of voltages between 750 and 7?‘,1_00.. e

(8) Lines of less than 750 volts when earried above lines o
voltages between 750 and 7500.

(¢) No Specified Grade. Vil »

The following supply lines in urban districts need comply only
with the general requirements of Sections 120, 121 and 122, .

(1) Lines of voltages between 750 and 7500 if in cable hav;ing
permanently grounded continuous metal sheath or armgr and in-
stalled in complianee with the requirements of Order 1274,

(2) Supply lines of less than 750 volts where alone or {:()El-
cerned only with signal lines or with supply lines of less than 750
volts or both, : i

(8) Lines on fenced rights of way, except where erossing (werf,
conflieting with, or higher on joint poles with the eonduetors o
other lines. :

(d) Constant-Current Circuits. i i’

(lonstant-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. ol I

(1) When either of two supply lines in rural distriets, one of
more than 7500 and the other of less than 750 volts, erosses, con-
flicts with, or has common poles with the other, the upper one
shall comply with the requirements of Grade C, unless the Im'e of
higher voltage is in cable having perm'anently. groun'defi cﬂn_tn’{u-
ous metal sheath or armor and ig installed in compliance with
Order 1274. ‘ )

(2) Constant-current circuits are ineluded in this order, the
voltage being the nominal full-load voltage. :

Exf‘;ption: Supply lines of more than 7500 volts are ‘exemptfzd from
this requirement if erossing over or conflicting only with service con-
nections from supply lines.

(b) No Specified Grade. : ot

(1) Supply lines of more than 7500 volts 1n mr"al 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 Seetions 120, 121 and 122,

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

Order 1233. Supply Lines Crossing Over Railways. (See also
Section 126.)

(a) Grade A.

Supply lines carried over railways, operated by steam, electric,
or other motive power, except as provided in (b) and (e) below,
shall eomply with the construetion requirements of Grade A.

(b) Grade B.

Supply lines carried over minor tracks ineluded in the follow-
ing list shall eomply 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.

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

(e) Street Bailway Crossings. ‘

Supply lines crossing over street railways on traveled portions
of highways need conform only to general requirements, but when
carried over trolley contact conduetors shall have the same grade

of construetion 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 (e-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 comply with the requirements of Grade A,

(1) Constant-potential alternating-current supply lines nor-
mally operating at more than 7500 volts between conductors or
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4400 volts to neutral or ground, or constant-eurrent circuits of
more than 10 amperes, or direet-current trolley circuits of more
than 750 volts to ground where at higher levels and erossing over,
conflicting with, or having joint poles with signal lines except as
noted in (b-3) below for certan signal eonductors.

(2) Signal lines carried at higher levels than the supply lines
specified in (1) above where involved in erossings, conflicts, or
joint use of poles.

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

Supply lines and signal lines ander the eonditions specified
helow shall comply with the requirements of Grade B.

(1) Constant-potential alternating-eurrent 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-current cireuits of between 7.5 and 10 amperes, where
at higher levels and crossing over, conflicting with, or baving
joint poles with signal lines (except as noted in (¢-3) below for
eertain signal conduectors).

(2) Signal lines carried at higher levels than the supply lines
specified in (1) where involved in erossings, confliets, or joint
use of poles. j

(3) Supply lines specified in (a-1) above when at higher levels
and crossing over, conflicting with, or having joint poles with
signal lines carrying nof more than four wires used mainly for
local exchange service, or only subseribers’ loops, or mot more
than two local telegraph or fire alarm wires.

(¢) Grade €. (See exception ahove.)

Supply lines and signal lines under the eonditions speeified
below shall comply with the requirements of Grade C.

{1) Constant-potential alternating-current supply lines nor-
mally operating at voltages between TH0 and 5000 between eon-
duetors or voltages between 440 and 2900 to neutral or ground
and eonstant-current eirenits of not more than 7.5 ampéeres and
supply lines of more than 5000 volts in eable having permanently
grounded continuous metal sheath er armor (and ingtalled in
compliance with Order 1274) where at higher levels and erossing
over, confl’eting with, or having joint poles with signal lines.

(2) Signal lines carried at higher levels than the supply lines
specified in (1). except as amaller conductor sizes are permitted
by order 1283—d.
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(8) Supply lines specified in (b-1) above when at higher
lew‘.rels .a.nd crossing over, conflicting wiﬁh, or having joint poles
with gignal lines carrying not more than four wires used mainl
for local exchange service or only subscribers’ loops, or no:)‘;
more tha_n two local telegraph or firm alarm wires. |

(4) Signal lines carried over trolley contact conduc-tora; of
less than 750 volts shall ecomply with Grade C requireﬁlents as
to econduetor sizes and sags except as noted in Order 1286, ‘

Order 1235. Signal Lines Crossing ' :
] ing Over R . Sl
Section 128.) g Over Railways. (See also

(a) Grade D.

. Tt?.leph(.me,.telegra_ph, and other signal lines carried over rail-

ways _opera,ted E.Jy steam, eleetric, or other motive power shall

ngh (th)e exfeeptmns noted below in paragraphs (b), (e) (d),

and (e), of this order comply with the e Vibn ‘Honire-

el 0 ]_le ith the eonstruction require-
(b) Grade B.

. Signal_lines carried over minor tracks ineluded in the follow-
m_g{ IIL;_stSsha]l conform to the reguirements of Grade E

Spurs less than 2000 feet long, and not di
tracks in the same span. : it i

(2) Branches o i 4 i
9 Mo n.whaeh no regular sehedule of operation is
1(:3) Narrow-gage tracks or other tracks on which standard
rolling stock ean not, for physieal reasons, be operated. .
(4) Tracks used. only temporarily for construetion or similar
puz‘g;)ses for a period not exceeding one year
Tracks not operated as a o ntility
Xy . . publie utility, such as i stri
railways used in logging, mining, ete. i iy
(¢) Street Railways.

) %ignal lines carried over street railways not having overhead
_ro lt?y contact cor{ductars{, need comply only with the general
reqn_lrement-s for signal lines alone. (See also Order 1288 and
Sections 121 and 122.) | 13

(d) Trolleys.

-} \Vhell:e signal lines eross over trolley contact conduetors of less
than 7:.10‘ volts to ground, they shall comply with the require-
ments of Order 1283—d as fo conductor sizes and sags. For

T
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trolley contact conductors of more than 7-5q volts to ground,
the requirements for erossing over supply ]_mes must“ne met,
namely, Grade A for direct-current trolley lines, and f:rade 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 tfhall, wh.e_rﬁ
crossing over railways, comply with the eonstruetion require-
ments of Order 1233. (See Order 1289.)

Order 1236. Cooperation to Avoid Hazard. (See algo Seetion
127.)

Utilities or parties responsible for location or eonstruc_tion' of
new facilities or change in voltage, construction or operatng
method, shall consult with other utilities or parties between
whose facilities and their own confliets may now or later h_e cre-
ated for which precautionary csnstruet.ion‘ measures will bg
necessary to prevent hazard, and the parties concerned shall
couperate with a view to preventing hazard. Loyt

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 shoulld, u:lﬂ_ess joint
construction is recommended, be located on the opposite side c':f the
highway, street, alley, railway or right-of-way from that ?ccup}ed !ay
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 Requirements.

(a) Preliminary Assumptions.

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

(b) Transverse Strength.

The paragraphs which specify the transverse strength re-
quirements for supporting structures relate to Grade B con-
gtruction unless otherwise stated. For Grade C the tl‘z?,nsverse
strength shall be not less than two-thirds of that required for
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Grade B. For Grade A the transverse strength shall be at least
50 per cent greater than that required for Grade B. See also
Appendix A. :

Order 1241, Calculation of Stresses in Conductors.

In eomputing 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 inch in radial thickness, com-

bined with a transverse herizontal wind pressure of 8 pounds

per square foot on the projected area of the ice-covered con-

duetor. 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 upon poles, towers, and erossarms shall be
taken as their own weight, plus the weight of the ice-covered
conductors supported. The thickness of iece coating shall be
taken as one-half inch. (See Appendix B, Table 35, for vertical
loads due to conduetors,)

(b) Assumed Transverse Loading.

In eomputing the stresses in poles and towers the loading
shall be taken as that due to a horizontal wind pressure, at right
angles to the direction of the line, of 8 pounds per square foot
upon the projected area of eylindrical surfaces of the conductor
when covéred 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 eonductor 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
cgnt to allow for the pressure on the opposite face; this total, how-
ever, need not exceed the pressure which would oceur on a solid strue-
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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(¢c) Awverage Span Lengths.

The caleulated 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 ease
be less than 75 per cent or more than 125 per cent of the actual
average of the two spans adjacent to the structure concerned.

(d) Awerage of Three Poles.

A pole not individually meeting the transverse strength re-
quirements will be permitted when reinforced by a stronger pole
on either side if the average strength of the three poles meets
the transverse strength requirements, and the weak pole has not

“less than 75 per cent of the required strength.

Exception: An extra pole ingerted in a normal span for the pur-
pose-of supporting a service loop may be ignored, if desired, in the
caleulation 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—b-3 and e-3), the
actnal lengths of the two spans adjacent to the two structures
concerned, and 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. TUnder 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
4 whole would be liable to failure. i

Structural Steel:

Tensior ..o« s+ ...27,000 pounds per sq. inch
Shear .........-..24,000 pounds per sq. inch
Compression ...... 27,000—90L

=

Bolts, Rivets, Pins:

Bheny i 24,000 pounds per sq. inch
Bearing . ..vivine 48,000 pounds per sq. inch
Bending ......0c0t 36,000 %)ounds per sq. inch
GUYE «ovrnnnnsoenn One-half the ultimate strength
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(2) These values for struetural steel are for material having
an ultimate tensile strength between 55,000 and 65,000 pounds
per square inch 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 obtain compliance with these requirements
i8 regarded as generally undesirable, When the guys are neees-
sgrily used, the steel supports or towers unless capable of con-
giderable deflection shall be regarded as taking all of the stress
in the direction in which the guy acts, up to their safe working
load, and the guys shall have sufficient strength to take the re-
mainder of the assumed maximum stress. (See Order 1212—¢
for flexible towers.) LR

(e) Total Minvmum Slrength.

~ Steel towers shall have a minimum strength sufficient, if all
cfm_cluctors are removed, to withstand a transverse force three
times that computed for the tower alone,

Note: Unless sample structures are tested, or similar structures
hsfve been tested, to assure the compliance of structures in any line
\!..uth these requirements, it is recommended that structures be de-
signed to have a computed strength at least 10 per cent greatef thaﬁ
that required by the rule.

(d) Fouwndations.

Steel 1:Owers or poles shall preferably be placed on concrete or
other suitable foundations extending above the ground line. If,
hmvs{everl, t_he steel is set in earth, it shall be suitably protected
against injurious corrosion at and below the ground line,

Note: Sinee in many localities the soil and climatic conditions are
s}xch as to alter the strength of foundations considerably from time to
time, the?'e should usually be provided a considerable margin of
strength in foundations above that which (by ecalculation) will just

w?thstand the stresses under the assumption of average conditions of
elimate and soil. g

(e) Anchor Towers.

, W.hen steu} supports or towers are nsed which are not capable
of withstanding approximately as great a foree longitudinally as

Yy e Ak
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transversely, anchor towers shall be placed, at intervals not
greater than 10 spans, whieh 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,

(£) Thickness of Steel. :

(1) Steel poles or towers of Grades A, B, and C shall have no
less thickness of metal in members than the following :

Legs, galvanized, 3¢ ineh; other members 14 inch.

Legs, painted, 14 inch; other members, 14 inch.

(2) Such steel poles or towers, ineluding footings, shall be so
constructed that all parts are aceessible for ingpection, cleaning
and painting when necessary and that pockets are not formed in
whieh water can collect. The ratio of L, the 11n.§upp0rted 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
900 for other members having figured 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 inereasing L, the value of the stress is reduced so much
that no hazard ecan 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
similar parts of material subject to injuriocns eorrosion under
the prevailing conditions, shall be protected by galvanizing,
painting, or other treatment, which will effeetively retard corro-
sion.

Order 1244, Strength of Wood or Concrete Supports.
(a) New Poles.

Wood and reinforeed concrete poles and their foundations and
guys (when used) shall, when installed, be of such material and
dimensions as will withstand the loads assumed in Order 1242,
without the stresses under these loads exceeding 50 per cent
of the assumed nltimate 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 reinforeed 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
construction, '

(e) Selected Poles.

Except for erossings over railroads and over signal lines (other
than those mentioned in Order 1234—b-3 and ¢-3) two-thirds of
the movement on wood poles (ealculated as in Order 1240 and
1242) due to transverse wind pressure may be used in finding
the stresses in the poles, under the following eirenmstances:

(1) The poles shall be speeially selected clear wood poles,

(2) They shall have dimensions not less than those ]isted'in
T-ab]es 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 inspected and maintained by
treatment, repair, or replacement in accordance with 124.-4—1;.

(d) _ Minimum Pole Sizes.

Wood poles in grades of eonstruction A, B and C shall be of
Se]ﬁ'(}ted timber free from observable defeets that would deereasé
t}?elr strength and durability and shall have no less nominal top
diameters than 6 inches, except that for Grade A a minimum of
T inches is required. .

N(?_te:- See Appendix B for data for computing transverse and
loneitudinal strength required for line supports.

(e) Guys.

When guys are used to meet the strength requirements for
W‘t}(}d or eoncrete poles, they shall be considered as taking, in the
dn_'f‘et-:tl.(m 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 cross-sectional dimensions of selected yellow

pine or fir erossarms for Grades A, B and C construetion shall be
as follows: |
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For Grades A and B For Grade C
DioP d Pilie gvenns oalisions 3 x4 in 2% x3% in.
B 078 Pinw calie e il 3iixdla in I R ¢

Exception: (1) Grade C signal line crossarms may be 284 x3%
inches for 6 pins, and 3x4 inches for 10 pins.

(2) If of other material they shall have at least equal strength.

(b) Crossarm Strength.

Crossarms for construction 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 conduetor pulls
are normally balanced, of 700 pounds at the outer pin,

(e) Bracing.

Crossarms shall be seeurely 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
crossarm or buckarm exeept 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 conduectors. In general, they. shall
be maintained at right angles to the axis of the pole and to the
direction of the attached conduetors, and at wire erossovers shall
be attached to that face of the structure away from the ‘erossing,
unless special bracing or double crossarms 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 sometimes used.

(d) Pins and Conductor Fastenings.

Pins, ties, and other eonductor fastenings for Grades A, B and
C construction shall have sufficient strength to withstand  the
unbalanced tension in the eonduetor, 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 conductors.

(e) Height of Pin.

The height of the pin and of the conductor 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,‘pin—type ingulators mounted on 1%x9 inch wood pins of locust
or equivalent wood will usually provide strength up to 1000 pounds
conduetor tension with the conductor 3.5 inches above the erossarms.

Suitable steel pins afford greater strength both for the pins and for
the crossarms.

Order 1246. Conductors—Material, Minimum Sizes, and Sags.
(a) Material.
All cosnductm's of Grades A, B, or C shall be of copper, alumi-
num (with or without steel reinforeement), copper-covered steel,

or Dthe.r material which will not corrode exeessively under the
prevailing conditions.

(b) Minimum Sizes.

S‘upp_l‘y eondnctors (including lightning protection wires para-
lallinlg 1111-35 conduectors) shall not be smaller than indicated in
the h.)]lowmg table, except that longer spansg 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.

OR STRANDED CONDUCTORS
A. W. G. for Copper and Aluminum; Steel W, . for Steel
MEDIUM OR HARD DRAWN COVERED COPPER WIRES

TABLE 9.—MINIMUM ALLOWABLE CONDUCTOR BIZES FOR SOLID

' Limiting Span Length in Feet
Grade 150 175 200 00

el s SR e el H

4 4
i 4

BIBD

MEDIUM OR HARD DRAWN B_*:iRE COPRER WIRES

Limiting Span Lengthin Foet

Grade 150 175 200 300 400 300

oo

1 4 4
& 4 4

(L
be

SOFT DERAWN COPPER WIRES

Grade ) Limiting Span-in Fest
g 150 175 200
& o T
o e 4 2 1
A LA 5 A M/ RN AR 4 2 2
(3 2 b

e




04 INDUSTRIAL COMMISSION OF WISCONSIN
STEEL WIRES
Girad Bpuns 160 Beck | Bpus figpding
Tade el .
4
O i o 5 6

ALUMINUM WIRES \;V’ITHOT_TT STEEL REINFORCEMENT

Grad l e |
TROE -
100 3. o O o S et l * 1 0
ALUMINUM WIRES WITH STEEL REINFORCEMENT
Grade .Slm::' iﬁgsFeet- Spﬂnlf'ﬂ']wdltfaﬁd 5 .
; O sl cnarmtv el e iy [ 4

Note: For sizes and material requirements of supply service leads
see Order 1219,

(c) Sags and Maximum Tensions. i :

In grades of construction A, B or ¢ conductors of lhm d,
medium and soft-drawn copper and steel .shgll have normal sags
4t 60° F'. with no wind as nearly as practicable to those given in
the tables of Appendix A. =

Exception: Less sags than those listed may be use_d if pn:ls-,tiz;st;:;:
ings, erossarms and poles of sufficient strength to Wlth;tf:ﬂ 3' o
responding increase in longitudinal stresses are used, (;1 E;;g Gy
not be so decreased from the tabulated values, that, under te e
mum assumed loading, the tension will exceed b0 per cenA o -
preaking strength of the conductors concerned for (:}ra-d_es an
construction, and 60 per cent for Grade C construction.

Note: (1) The sags given for copper in the tables are based 1:.11;(:;
experience and are designed to give thfe best results from the sta
point of safety and continuity of service. | o s

(2) In order to minimize the danger from wires swinging toge n_c-
and to permit the moderate pin spacings and cl'fassgrm s'pa.cu.lgs s_t:; A
tioned by modern good practice in overhead line construction, lded
necesgary to assign a limit to the sag, ‘and henFe 130 the recon};m%rlx -
length of span of the smaller sized wires, as indicated bydt t'ath ;1

spaces in the tables. Longer spans may, however, be’use - wi : i
listed conductor size if separations and elearances (given in Slec o
122), and the sags given in Appendix A are correspondl‘ng y 1;;;
creased. It is recommended that medium hard-‘dmwn copper w-nen :
used instead of soft in new construction, 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) Paking up Slack.

Slack shall be taken up when, because of the permanent elonga-
tion of the wire or movement of supporting structures, 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 mechanieal and electrical per-
formance and durability.

Note: It is recomrﬁepded 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 Insulators.

Where strain insulators are used they shall have the same clec-
trical strength as other insulators on the line when under the
normal mechanical stresses to which they may be subjected.

(e) Insulators 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 eonductors are attached to grounded metal pins, grounded
crossarms, steel bridges, steel towers, or other grounded strue-
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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io] k ting : tures for the crossing span

Exception: Where the suppmtmg.struc
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 Vollage.

Insulators shall be so designed that their dry flash-over voltage
is not more than 75 per cent of their puncture voltage at a fre-
quency of 60 cycles per second. .

(e) Factory Tests. - :

Insulators shall be capable of withstanding w;thoui.: ﬂas}‘l-ov.er.
at a frequeney of 60 cycles per seeond the values given m the
following table:

TABLE 10
Test Vollaga
Voltage of Cireuit Dry et
5,000 8,500
3000 §, 000
17,0100 13.000
27, 000 20,000
20,000 gg,m]a
000 '
%g,mo 5,000
15, (04 Eg,ﬁﬂl]
135,000 ¥
160, 000 115,000
i 5
lzgglégg 170,000
285,000 200,
47h, 000 225, (00
- dbD 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) Bach insulator for use on lines ape_ratin.g at voltages. in excess
of 15,000 should be subjected to a routine tac.tory dry test at the
values given in table above for a period of 3 minutes at a frequezjcy
of 60 cyéles or to any other test sanctioned I-by good modern practice,
such as high frequency tests.

(£) Protection Against Arcing. =y

In installing the insulators and conduetors such precautions ash
are sanctioned by good modern practice shall be taken to pre'v_eut
as far as possible any are from forming or to -prevent any are
which might be formed from injuring or burning any .part,f;;f_
the supporting structures, insulators, or conductors, which might
render the conduetors liable to fall.
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Order 1248. Special Transverse Strength Requirements.

(a) Alternative Construetion in Special Cases.

In the case of structures of Grades A or B construction where

beeause of very heavy or numerous conductors or relatively long
spans the transverse strength requirements of this section eannot
be met except by the use of side guys or special structures, and it
is physically impracticable to employ side guys, the transverse
strength requirements shall be met by side guying the line at each
side of and as near as practicable to the crossing or other trans-
versely weak structure, and with a distanee 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 shall be constructed to withstand the caleulated transverse load
due to wind on the supports and ice-covered conductors, on the entire
section between the side-guyed structures.

(2) The line between such side-guyed structures shall be substan-
tially 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 entire section between the transversely strong structures
ghall comply with the highest grade of construction coneerned in the
given section, except as to the transverse strength of the intermediate
poles or towers.

(b) Strength of Crossarms and Pins.

The erossarms, insulator pins, and conductor fastenings con-
nected fo the structure at each end of the transversely weak sec-
tion in lines of grades A and B eonstruction shall be such as to
withstand, under the conditions of loading preseribed in Order
1241, an unbalanced load equivalent to the combined pull in the
direction of the transversely weak section of all the eonductors
supported up te 10,000 pounds plus one-half the excess for grade
A, or plus one-fourth the exeess for grade B.

Note: If the unbalanced tension in any conductor does not exceed
1000 pounds, the necessary strength will usually be provided by the
use of single wood pins, and if the tension does not exceed 2000
pounds, 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 1249. Special Longitudinal Strength Requirements for
Sections of Grades A and B Construction in Lines of a
Lower Grade of Construction (or adjacent to Angles or
Dead Ends).

(a) Required Stremgth.
The supporting structures (ineluding poles, towers, erossarms,

insulator pins, and conductor fastenings) for the ends of the
T
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higher grade section of the line shall be construeted 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 eon-
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 diffieult 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 impraeticable 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
wither 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 oceurring 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 conerete poles, or some types of metal poles _and towers, it
will be necessary to increase the normal clearances gpecified 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 of more structures on either side of the crossing, su_‘ch
stpuctures 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
sides 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 conductors up to 10,000 pounds eombined
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 special construction should fail. In cases where,
due to change of direction of the line or because of dead ends the
longitudinal stresses in the conductors of the stronger section are
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not normally balanced by the conductors of the line beyond this
construetion, the construection shall be such as to with;;-ta.nd the
total combined tension. -

; (2) Where the gection 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 12560. Compliance with Other Orders.

(a) Grade B or C Construction.

In a.‘dt?ltion to the requirements of Seetions 120, 121, and 122,
the requirements of t_his seetion shall be met by all supply lines in
urban agd rura?,l districts where a definite grade of construction
B,or C is required by Section 123, except in the important cases
of erossings over railways or signal lines, eonflicts, and the joint
use of poles, which are covered by Sections 126 and 127.

(b) Special Strength.

Speeial long:itud_inal 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.

(¢) Dead Ends.

Where supply lines of more than 7500 volts in urban districts
come'to d,ea_d ends or to changes in line direction (even where no
cmss:mg ‘eXIstsj they shall have construetion complying with the
longitudinal strength requirements of Order 1249, .

(d) Clearances.

For clearances of conduetors and wires ahove roadways, rail-
ways and _'footwa,ys, and from other conduectors and wires sce
Orders 1220, 1257, and 1258. '

Order 1251. Supply Lines in Urban Distriets.

(a) Lines of Less Than 750 Velts.

(1) Supply lines of less than 750 volts in urban districts where
alone, or where erossing over, eonflicting with, or where higher
and on eommon poles with other supply lines of less than 750

S ' ? W h . .
"Olt 3 NE ed on _!‘ e{}mplﬁﬂ W lth t €& genel‘ai I‘E(]L‘Lll erne L&
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(2) 1f the lower supply lines have a voltage greater than .75_0
volts and are not in cable having permanently grounded confinu-
ous metal sheath or armor and are not installed in compliance with
Orders 1274—c, d, e and £, both lines shall comply with the re-
quirements of grade C; if the lower supply lines are of mote than
7500 volts and not in such cable both lines shall comply with the
requirements of grade B. :

(b) Lines of Voltages Between 750 and 7500,

(1) Supply lines of voltages between 750 and 75q0 %u urTE)gn
districts, where alone, or where erossing over, or conﬂ19tmg with,
or where higher on common poles with, other supply }mes of ?mt
more than 7500 volts shall comply with the construetion reqqlre—
ments of grade C, as given in Section 124, unless the supply lines
arve in cable having permanently grounded continuous metal
gheath or armor and are installed in eompliance with Orders
1274—e, d, e, and f, in which case no grade is required. y

(2) If the lower supply lines have a voltage greater than '7;300.
and are not in sueh cable, both shall comply with the construetion
requirements of grade B.

(e) Lines of More Than 7500 Volts.

Supply lines of more than 7500 volts in urban districts where
alone, or on the same poles with other supply lines of any vlolta:ge,
or crossing or conflicting with such lines, shall comply with the
construction requirements of grade B.

Exception: Such lines if in cable having permanently grounded

continuous metal sheath or armor and ingtalled in com]_::lia‘nce 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 distriefs are not eon-
cerned with erossing of railways or gignal lines, or conflicts or
joint use of poles with signal lines, no grade of co§*1.<;tructinn is
required for conduetors or supports, except as noted in (b) b_elf)w.
Such lines are subject only to Seetions 120, 121, and 122 for iso-
lation, guarding, clearances, and pole arrangements, ete.

(b) Grade 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-
flicts with. or hag eommon poles with the ather, the upper one
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shall be of grade C, unless the line of higher voltage is in cable
having permanently grounded continuous metal sheath or armor
and is installed in compliance with Order 1274—e¢, d, ¢, and £.

Order 1253. Constant-current Lines.

‘Where supply lines only are concerned, constant-current lines
arve included with constant-potential lines and graded by the nom-
inal full-load voltage of the eireuit concerned.

Order 1254, Common Use 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 Seetion 122. :

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-
-gite gide 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
zpacing be identified if necegsary 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 construction determined by Section
123 for the highest voltage lines carried on such poles or towers,
all conduetors of all voltages being ineluded in the computations
of stresses on the poles or towers, i

(2) The crossarms, pins, and fastenings of conductors on poles
or towers used in eommon by supply lines, as noted in Order
1254—a, shall have the grade of construetion determined by See-

tion 123 for the lines earried by the crossarm, pin, or fastening in

e o
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question, according to their relation to other lines carried on the
poles or towers.

(¢) Conductor Size and Sag.

The size and initial sag of each conductor shall be determined
by its own voltage and the arade of construction required for it,
according to its relation to other conductors carried on the pole
or tower.

Note: The different conductors on a commonly used pole may
therefore be subject to different grades of construction regquirements,
the grade necessary for any crossarm 0r pole being the highest re-
quirved for any conductor carried, by Section 123.

(d) Trolley Wires.

Where a trolley contact conduetor is supported on a commonly
used pole, it shall be included in the computation of transverse
stress on the strueture,

Order 1255, Electric Railway Feeders and Contact Conduc-
tors.

(a) Trolley Feeders as Supply Lines.

Except where specifically exempted (as for clearance and ele-
yation 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 rights of
way by overlapping guards composed of wood or other suitable
material.,

(e¢) Trolley Contact Conductor Supports.

All overhead trolley contact conductors shall be so supported
and arranged that the breaking of a single conductor fastening
will not allow the trolley eonduetor or live gpan wire or cnrrent-
earrying connections to come within 10 feet from the ground or

~ from any platform accessible to the general public, Span wire
insnlation for trolley contaet conductors shall eomply with Order
1213—f.

(d) High Voltage Contact Conductors.

Tyery trolley contaet conduetor of more than 750 volis in urban
distriets (where not on fenced rvight of way) shall be so suspended
that if broken at a single point it cannot fall within 12 feet from
the ground or any platform aceessible to the general publie.
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(e} Supply Lines Over Trolley Contact Conductors.

Supply conductors earried over trolley contaet conductors shall
'{:;()nt'orm to the same requirements as where erossing over supply
lines of equal voltage whether in urban or rural distriets.

Order 1256. Electric Railway Construction,

(a) Assuring Against Loss of Power at Railway Crossings.

Ut.lless electric-railroad systems are protected by interlocking
derails or gafes at grade crossings with interurban or other heavy
or high-speed railroad systems the trolley contaet condnetors shall
e.it]lﬁl‘ be arranged with live trolley guards of suitable eonstrue-
tion or ghall be at the same elevation above their own tracks
throughout the erossing and next adjoining spans, with catenary
construetion for erossing spans exeeeding 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 conduetor, 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 cleetrical

conneetion hetween the contact conductor and the bridge strue-
ture. (See also Order 1229—e,)

(e) Construction at Railway Crossings.
Trolley contact eonductors and feeders and their supporting
struetures, where erossing over railways, shall conform to the

“strength requirements speecified for supply lines under Seetion 124

and Order 1‘260. The clearance of trolley construetion supports
:fro'm the rails of railways erossed over shall comply with the re-
quirements for supply line supports under Order 1211—e,

(d) Strength of Construction in Urban Districts Generally.

Trolley eontact eonductors, feeders, and their supports, in
urban districts, shall eomply with the strength requirement’é for
supply lines of equal voltage. Dircet-current eirvenits of more
tha_n '75'.(} volts to ground where at higher levels and erossing over,
e'.tmﬂmtmg; with, or higher than and having joint poles with,_signal
lines shall comply with the requirements of grade A. (See Order
1234—h-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 eon-
ductor or feeder, or guy, span, or messenger wire and the surfaces
of rails, streets, highways, or alleys over which ;he 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 gpace between the trolley-contact conduetor and the

lowest overhead conductor or wire crossing above shall be not
less than the following at 60° F. with no wind.

Feet
P i Tty il e sidebekidagie ol bbbt v sekdisiinty 4
T I sl A 8 %
Bt!gppty Tinnes, 040 TH0 YOIB. . o4 shuswuvsieiie s rith o sm st gie mm v i
Supply lines, 750 to 7,500 volts. . :
Gupply lines, 7,300 to 50,000 volts. . ... ilesran tiog :
Gy, span, and messenger wives and S0IVICe OODS. oy oonnvepoprn i g :

1f trolley-tontact conduotor is of more than 760 volts, mo conductor shall eross ab less than. .. .,

For clearance increases see Order 1220-b. .

Exception: Trolley feeders are exempt from"a. clearancfa reqmre;
ment from contact conductors at the same nominal potential and o
the same system. .

Note: Unless the cross over conductors are b.e_yonc} the reach of -3
trolley pole leaving the contact conductor or are suitably pratecfce :
against damage from a trolley pole leaving the contact conductor, thflz
clearance from trolley-contact conductors of less than T50 volts shal
be not less than 6 feeb.

SECTION 126. CROSSINGS OF SUPPLY LINES OVER RAILWAYS .

Order 1260. Grades of Construction.

Overhead supply lines (or signal lines which have taken on the
character of supply lines) erossing over railways shall comply
with the construction requirements of Grade A, exce?t Wl_len over
gpurs, branches, or other minor tracks only, in which case they
ghall comply with the construction requirements of Grade B (S{_ee
Order 1233 for full statement and Section 122 for Wisconsin
statute on eleetric lines.)
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Order 1261. Compliance with Other Orders.

Sueh overhead supply lines shall comply as to conduetor sizes,
materials, and sags, and as to materials, sizes, and strength of sup-
porting strucetures and attachments with the requirements of See-
tion 124 and Order 1270—c; as to separations, clearances and
relative levels of conductors and wires on the line itgelf, 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 requivements of Sections 120 and 123.

Order 1262, Pole Clearance to Rail.

(1) Poles or towers supporting the erossover spans of overhead
supply lines over railways shall, unless physical conditions or mu-
nicipal requirements prevent, have side clearanee not less than 12
feet from the nearvest track rail, exeept that at sidings a elearance
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 crossed over, the pole
or tower structures of each line concerned in the crossover shall
have clearances from the econductors of the other line as required
by Orders 1221 or 1227—a, whichever applies.

COrder 1263, Wire Clearances Above Rail,

(See also Order 1220—a, where the same requir.ements are given
in tabular form.) \

The elear space between the lowest overhead supply line con-
ductor or wire and the heads of rails above which the former eross
shall not be less than the following at 60° I, with no wind, where

the conduetor or wire has fixed supports and the span does not
oxceed 150 feet.

(a) Clearances Where Men Are Permitted on Cuars.

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.

Exeeption: 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.

Exeeption: 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
shall be increased at the rate of 0.5 inch per 1000 volts excess.

(4) Trolley Contact Conductors, 22 feet.

(See also Order 1256.)

(b) Imereased Cleéarance for (a).

The clearances of (a) apply to spans not exceeding 150 feet.
For longer spans they shall be inereased by 1 inch for each 10
foct of the excess between 150 and 300 feet and by 1 inch for
each 20 feet of the excess beyond 300 feet.

Order 1264. Crossover Wire Clearances to Railway Wires.

(See also Order 1220—e, 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 conductor or wire
erossed over coneérned in the operation of the raliway (exeept
for erossings between conductors and guy or span wires on the
game poles, for which see Order 1221) shall not be less t}mn
given below, at 60° F, with no wind, where the upper conductor
or wire has fixed supports (pin or strain-type insulators), and
the sum of the distances from the point of intersection to the
nearest supporting structure of each span, d@es_ not exojced 1{?0
feet. (When crossing.over supply condnectors of the railway in
excess of 7500 volis, the clearances of Order 1220—e apply.)

(1) Above signal conductors (of railways) :

e, I,L“m B T oo o 3 fovk f U rossing is mof within b feet of sty pole concorned in the
erossing and the voltage is nob more than 300 volis.

Supply lines, 750 to 7,500 volts........ St

Supply lines, 7,500 to 50,000 volts

Servics supply connections (0 to 750 volis) -

Cluy, messenger, a0 SPATI W, . . uusvsiie e rrsas st ses e e ana s e

b3 b

(2) Above supply conductors of not more than 7500 volts.
(Signal conductors are defined as supply conductors 'when _op'er-
ating at more than 400 volts to ground and supplying railway
signal systems.)
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Supnty lines, Ot ThOmalte: -ismanmimsiinaans b Sl s S dai
Supply lines, 750 to 7,500 volts......
Supply lines, 7,500 to 50,000 volts, . ,

uy, messenger, and span Wires ¥

e S BT

*May be reduced to 2 feet when voltages do not exceed 750 volts
Order 1265. Increase of Clearanceg in Special Cases.

(a) Clearance Imcrease for Long Spans.

The clearances of Order 1264 sghall be increased where the
sum of the distanees from the point of interseetion 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 ecach 20 feet of the excess beyond 200 feet.

(b) Clearance Inerease for High Voltage.
The clearances of Order 1264 shall be inereased, where the

supply line voltage exceeds 50,000 volts, by 0.5 inch per 1000
volts of the excess. -

(¢) Clearance Imerease for Suspension Insulators,

The initial clearances, where the upper 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 elear-
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-
duectors or wires. '

Note: The arrangement of insulators so that they are restrained

from displacement toward the crossing will obviate neeesgity of any
inerease over the clearances given in Orders 1263 and 1264.

(d) Inereases Cumulative..

The above increases are enmulative 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 crossing 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
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noarer to the crossover support than is the nearest conduetor

erossed over. )

Note: It is not the intent of this order to prohibit the installat}on,
i1 either the crossing or adjacent spans, of reliable proteeifi*:re dfavm:_ea
of the drop-out discomnector type that require making a joint in the
conductor.

(b) Palling Trees. s
The erossing span and the next adjoining spans ghall ag far
ag practicable be kept free from overhanging or decayed 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 g1'011nd or of the rails, the requirements specified in Sec.tion
1924 as to conductor sags and sizes are, so far as they are required
by reason of the railroad erossing, waived provided that a per-
manently grounded guard arm is installed at each erossover
support in such a manner as to prevent conduetors which break
in either adjacent span, from swinging back into the space be-
tweon the erossover supports.

Order 1268. Underground Lines Crossing Under Railways.

Underground supply lines ¢rossing railways shall cqmply with
the requirements of Sections 120 and 129, and particularly ot
Orders 1290 and 1295. These orders require that manholes, pull
boxes, and terminals shall, where practicable, be located away
from the roadbed, and that conductors and cables carried under-
oround, under railways, shall be placed in suitable duets.

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 e¢ir-
eumstances noted in Order 1234 shall comply with grades of con-
struction A, B or €, as noted in the order referred to.
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(b) Compliance with Other Orders.

Such overhead supply lines shall comply as to eonductor sizes,
materials, and sags and as to materials, sizes and strength of sup-
porting structures and attachments with Section 124 ; as to sepa-
rations and clearances of conductors and wires of the supply
line itself with the requirements of Seetion 122; and as to guys
and their insulators with the requirements of Orders 1212 and
1213, :

(c) Where Concerned with Other Ouerhead Lines or With
Ralways. '

Such overhead supply lines where also concerned at the cross-
over with crossings, conflicts or common use of poles with over-
head lines other than the signal lines ¢rossed 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
character of eonstruection, with Orders 1281 and 1282 as to guy-
ing, span length, ete., and with other orders of this section which
apply to these conditions.

(d) Pole Clearance.

The pole or tower structures of each line concerned in the
crossover shall have clearances from the conductors of the other
line, as required by Orders 1221 or 1227—a, whichever applies.

(e) Wire Clearance Above Signal Wires.

The clear space between the lowest overhead supply line econ-
duetor or guy, messenger, or span wire, and any signal line con-
ductor or guy, span, or megsenger wire over which it erosses (ex-
cept for crossings between conductors 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
conductor 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 structure of each span does not
exceed 100 feet,

(1) Above signal econductors:

Fect
(o Lo PR G SR G RSO ol N SRR R RO X £m s e O R 2
Bupply lines; 0 to To0 volts, . ....oooiiiiin e P e P P D, 4
xception: This may be reduced to 2 feet, if the croseing is not within § fect from any
pole eoncerned in the erossing, and the voltage is not aver 300 volts.
Services and supply Hines, 750 to 7500 YO8, ... .o ovvmrrrmrmssnmessen e ss s insios 4
Services and supply lines, 7,600 t0 50,000 velts. .. ..o i 6
1Y, FIESOTEET, AN SPOI WHH - . o i s s s e s s R BoSe o e 4w 1 ok R 2
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(2) Above guy, span, or messenger wires (of signal lines) :

Feet
Supply lines, 0 to 750 volts, ... 2
Supply lines, 750 to 50,000 volts. 4
Cliy, messenger; And SPATUTITES . o . oovteansveeshanne st st dan i s 2

(£) 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. 1

Order 1271, Supply Lines Conflicting with Signal Lines.

(a) Stremgih of Construction.

Where supply lines are at higher levels and conflict 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. et Al

(b) Awoidance of Conflict.

Two parallel pole lines, either of which carries supply lines,
ghall, 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. T

(a) Avoidance of Conflict by Joint Use. ;
The separation of two parallel pole lines, one of which’carries
supply conductors and the other signal conductors 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. = : i s

Note: (1) If separation beyond conflicting distance is imprac-
ticable the choice between a joint pole line and separate conflicting
lines depends on the voltage of the supply cireuits, the total number
and weight of conductors, the tree conditions, number and location of
branches and service drops, availability of right of way, ete., as af-
fecting the relative safety attainable at reasonable cost. ’
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(2) W_here signal lines in urban districts are conecerned only with
supply lines normally operating at voltages not exceeding 5000 volts
between conductors (or 2900 volts to neutral or ground) or constant-
current cireunits not exceeding 7.5 amperes, joint construetion is ree-
m_nrne_nded 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 cireuits makes joint use undesirable.

(3) Outside corporate limits of cities or villages or distriets having
t‘he same character or density of population supply lines and signal
lines (unless in cable) should where practicable occupy opposite sides
of the highway.

(4) -W'hera signal lines are concerned with supply lines normally
operating at more than 5000 volts between conduyetors (or 290.(1 volts
to neutral or ground) or with constant current circuits carrying more
than 7.5 amperes, joint use is not recommended in preference to sepa-
rate pole lines, except .

(;) 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 eve.n't, however, joint use ig preferable to the overbuild-
ing of one pole line by another.

(b) Strength of Poles.

Poles }Ise{l Jointly by supply lines and signal lines with the
supp.ly 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. o

E:{cception: Where the signal lines are used exclusively in the op-
eration of supply lines the grade of consfruction need not be that

required above, but the lines shall oecu for i
ipy the same relativ
noted under (f) below. RELIE: Mo eons

(e) Conductor Supports.

The strength of erossarms, pins, and fastenings shall conform
to the highest grade of eonstruetion required for the lines carried
by _t_he partieular 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 ecross-
arms, : .

(d) Special Provision Regarding Transverse Stremgth.

In caleulating the transverse forces upon poles earrying sup-
ply conductors above signal conductors, where no supply con-
ductors are below signal conductors, and where the r_eduéiion in
transverse moment given in Order 1244 ¢ is not nsed, the num-
ber of signal eonduetors npon which the transverse force 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. Q. if copper.

Note: There are 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 confliet-
ing pole lines used to limit the number of wires per pole lead.

(e) Longitudinal Stresses.

In caleulating the longitudinal stresses upon jointly nsed poles
complying with Grade A or B construction requirements where
crossing over railways or over signal lines (where these eross-
ings would of themselves require compliance with Grade A or B
construction of the erossover 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 condnctors at 60° I.

(£) 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 cov-
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 conduetors, 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 permitting 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—8ignal Lines Above Supply Lines.

Note: This relation 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-
quirements 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
signal lines, includes the size, material, and sag of eonductors 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.

(c) Grade C Signal Conductors.

Signal conduetors which are required to comply with Grade C
construction may be smaller than Grade C supply econduetors,
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 conduetors 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 conductors of signal
cireuits for public use above supply conductors has been gener-
ally established, minor extensions with the conduetors in the
same relative positions and with the clearances covered by the
table may be made in either system, but these extensions shall
not continune beyond a loeation at which it becomes 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.nsed jointly by signal lines and cabled supply lines not
having permanently grounded eontinunous metal sheath or armor
shall meet all the requirements for poles used jointly by open
supply and signal lines given in Order 1272, '

o

————

s P P T T

—_—
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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.

(c) Messengers.

Messengers shall be stranded and of galvanized or copper cov-
ered steel with streneths and sags as speeified 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 ineh of ice and subjected to a transverse wind pressure of 8
pounds per square foot of projected area.

(d) Grownding 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 feef
apart. (See Introductory Part for method.)

(e) Splices.

Splices in the eable shall be so made that their insulation is
not materially weaker than the remainder of the eable. The
sheath or armor at the splice shall be made electrically con-
tinuous.

(£) Imsulation. - :

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 eonductors and between 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 conductor 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 a 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 erossed over.
Note: This character of construction is facilitated where the span

crossed over is at a minimum elevation above ground level, and where
the erogsover supports can be placed quite near together. '

(b) Cradles.
Cradles are not recommended. It is less expensive and better
to build the supply line strong enough to withstand extreme con-

ditions than to build a cradle of sufficient strength to eatch and
hold the supply line if it falls.

SECTION 128. STRENGTH AND OTHER REQUIREMENTS FOE
SIGNAL LINES AT CROSSINGS AND ALONE

Order 1280. General Requirements.

(a) Conditions Determining Grade.

(1) Signal lines crossing over railways, exeept in the cases
mentioned in Order 1235—b, e, d and e, are classed as Grade D
and shall have construction in aceordance 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. T

. {2) Where also crossing over supply lines (or signal lines hav-
ing the character of supply lines) in the same span, the con-
struetion required shall eomply either with Grade D, Grade E,
or with Grade A or B according to the voltage of the supply line
(see Section 123.)

(3) Signal lines crossing over the supply lines covered in
Order- 1234—¢, and also ecrossing over railways in the same
span, shall eemply with Grade D or E requirements except that
Grade C requirements apply to conduetor sizes and sags, for
gpans exceeding 150 feet. (See also Section 122 for Wisconsin
statute on electrie lines.) : :

Note: The requirements for signal lines crossing over or conflict-
ing with supply lines only are specified in Order 1287, and for signal
l_ineus crossing over frolley contact conductors in Order 1286.
 (b) Transverse 'm?.d'Lé%gi’tudind:l'"B%i'mg#h.

The paragraphs which specify the transverse and longitudinal
requirements relate to Grade D construetion 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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(e) Preliminary Assumption. .

In the calenlation 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 gc-
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 calculated 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 eonductors shall be
taken as 8 pounds per square foot of projected area on eylindrieal
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
conduetors 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,

(8) 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 sp ecified below.
The guys shall be considered as taking, in the direetion 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 nltimate strength of the
material.
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(2) The longitudinal load shall be assumed equivalent to an
unbalaneed pull in the direetion of the crossing of all conduetors
or wires supported, the pull of each conduetor 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) Tor head guying, cables are not included in the count of
wires since the messenger serves as a head guy.

Exception 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 B construction 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
tengions 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
500 feet from the nearest crossing pole, provided that the line iz ap-
proximately straight and that a cable 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 poles in the adjoining spans, additional guying shall be placed
to take care of the increased stress,

Order 1282, Relation of Crossing 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 elo_se]y'adjacent trees or inflammable material
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or structures. (Sée also Order 1211 for requirements as to loca-
tion of poles.)

(2) The crossing span shall be as short as practicable, and in
general shall not be longer than the normal span of the line. No
crossing span shall exceed 125 feet in length if this can be avoided.

(b) Grading or Vertical Displacement of Crossing Span.

The vertieal distance from the top erossarm of a erossing pole
to a straight line connecting the top erossarms of the next ad-
jacent poles on cither side of this erossing pole, shall not exceed
the values given in the following table:

" g e T Allowahle Vertioal
Average Length of Span in Foet Distance in Feet

Lipss than 100
100 to 130, . ... .ys
Execeding 120

Sy

Order 1283. Minimum Sizes and Construction Details.

(a) Size of Pole and Setting.

Wood poles supporting the erossing 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 ecarrying 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) Crossarms. ik

(1) Wood crossarms supporting the erossing span.shall be of
yellow pine, fir, or other suitable timber and shall have a minimum
section of 234 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 crossing
poles. The crossarms shall be held together with properly fitted
spacing blocks or bolts placed immediately adjoining the outside
pins and shall not support more than 10 conductors.
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(¢) Pins, Insulators and Tie Wires.

(1) Insulator pins shall be of steel, wrought iron, malleable
cast irom, or loecust or equivalent wood. Stecl or iron pins shall
have a shank diameter not less than %4 ineh. Wood pins shall be
sound and straight grained with a diameter of shank not less than
1% 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 eon-
duetor attached to the insulator. The econductors shall be seeurely
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 steel shall not be used
in localities where exeessive corrosion would result.

(2) If spans in excess of 150 feet are necessary, the size of
conductors specified or the sags shall be correspondingly inereased.
(See Order 1282—a.)

(3) Conduectors 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 copper 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 Grrade E in spans longer than 125 feet, and shall be eliminated
as far ag practicable. Bach wire of a twisted-pair not supported
by a messenger shall be tinned hard-drawn copper not smaller
than No. 14, or tinned copper-eovered steel not smaller than No. 17
or equivalent,

(5) The minimum allowable sizes for eonductors of the cross-
ing span shall be as follows:

TABLE 11.—(1) MINIMUM WIRE SIZES FOR GRADE D

Bpans Over
Conductor Spans 125 125 Feet pnd Mot
Freot or Tess Creer 150 Fact
Hard drswns 800D . ..0ve v s srmenns LY - No. 100A. W. G. Ne. DA.W. G
Galynnized steel. . ..., o LS s i No. 10 St W. G. No. 88l W. G
Galvanized steel in raval disteiets. ... No. 12 8iL. W. G. No. 18 8tl W. G,

Note: The use of No. 12, and No. 10 steel wire is not recommended
over railroads where frain serviee is frequent or wire is subject to
excessive corrosion.
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TABLE 12.—(2) MINIMUM WIRE SIZES FOR GRADE E
Spans 125 Spans Over
Conductor Feet ar Lioss 125 Feet and Not
Over 150 Freet
e R N e g oy Bt 2 No. 10 A, W. G. No. 10 A W. G
gﬁaﬁ?&"ftﬁ?? ............................. Ng. 12 Bil. W. G. No. 10 Sth. W. G.

(3) MINITMUM WIRE SIZES FOR GRADE C

‘Signal conductors which are required to eomply with grade C
construction 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 ve-
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 0F HARD-DRAWN BARE COPPER WIRE OR STEEL

Bag in Inches
Length of Span in Feet i )
SR At 20° . AtGOP L | At 1007,

2.5 4.5 8.5
3.5 5.5 it
4.5 7 12
h.5 8.5 14
5.5 10 16
7.5 n 10
9.5 15 22
11.5 18 25

(e) Guys. 5

Guy anchors shall, where possible, be located go 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 as 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 suppor ting different
sizes of conductor cable:

TABLE 14— MINIMUM SIZRES OF MEBSSENGER CABLE

iz of r Clabl { Megseriger Cable (Nominal)

Smﬁi Wg;m‘;?:? It‘o::t : | Ultimate Tensile Strength
Yicse than 2. 25 POundS. « o ocvprenarqrssnssesrssnss ’ #, 000 pounds
8 82853 to s.’;npc d{? ................................. 10, 000 pounds
Excesding § and less than 8 POUDAS. < vvewnrnrness 16,000 pounds
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(2) For 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 presevibed in Order 1281 the tension in the mes-
senger cable will not exeeed the following values:

Nominal Ultimate Tensile Strength of Bafe Working Tension of
Messenger Cable Megsenger Cable
5, 000 pounds 3,500 pounds
10,000 pouiis &, 400 poands
16,000 pounds 4,500 pounds

Order 1284. Signal Line Clearances.

(a) Clearances [rom Ground or Bails,

(1) The elear space between the lowest signal conductor, guy
or messenger and the heads of rails shall, at 60° F. with no wind,
be in general not less than 27 feet.

(2) When the signal conductors are paralleled on the same
highway by a trolley eontact conduector at a lower level, the clear-
ance of the signal conduetors from the rail may be reduced to
25 feet.

(3) When signal conductors eross tracks not carrying traffie
which involve brakemen riding on top of standard freight cars,
the above clearance may be reduced to 25 feet for steam railroad
tracks and 18 feet for other tracks.

(4) When spans exceed 150 feet in length, additional clear-
ance must be provided as given by Order 1220—bh.

(b) Clearances from Other Wires.

(1) The clear space between the lowest signal conductor, 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
structure of each span is 100 feet or less. Where the sum of these
distances exceeds 100 feet and for crossings over supply wires,
the requirements of Order 1220—c and d must be met.

(2) The vertical clearance between conductors supported on
the same pole or strueture and at different levels shall in no case
be less than 12 inches.

Note: This should preferably be 24 inches. (See also Order 1228.)
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(e) Pole Clearances.

Unless physical conditions or munieipal requirements prevent,
the side elearanees of poles shall be not less than 12 feet from
the nearest 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 conduetors 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 condnetors 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 Or-
ders 1290 and 1295. Manholes, pull boxes and terminals shall be
located away from the road bed (preferably outside the fenced
right of way of the railway). Conductors and cables earried 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 conform to the general requirements of Seetion
120, to the requirements for grade of eonstruetion of Seetion 123,
to the requirements for econductor clearances and separations of
Section 122, and to the speeial requirements for supports and
wiring arrangements of Section 121.

Order 1286. Signal Lines Crossing Over Trolley Contact Con-

ductors (Where Grade D or E Is Not Required).

(a) When Crossing Trolley Contact Conductors Not Ezceed-
g 750 Volts.

(1) Signal lines, except twisted-p air eonductors and fire alarm
conductors (for which see Orders 1283—d and 1288—h), carried
over trolley-contact conductors of not more than 7 50 volts shall
have conductor sizes not less than the following : s

No. 12 hard-drawn copper or steel in spans less than 100 feet.

No. 10 in spans of 100 to 125 feet.

No. 9 in spans up to 150 feet.

(2) Sags shall not be less than those given in Table 18 for
Grade D. Tor spans longer than 150 feet the requirements of
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Order 1246 for conductor sizes and of Appendix A for sags of
Grade C supply lines shall be complied with.

(3) Twisted pair conduetors, unsupported by messengers, shall
not be used in spans over 100 feet, if earried over trolley contact
conduetors unless each wire is hard-drawn copper not less than
No. 14 or tinned copper eovered steel not less than No. 17, or its
equivalent.

(4) The eclearance of signal lines above confact conductors
crossed over shall be in aceordance 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 carried over trolley contact conduetors of
more than 750 volts to ground see Order 1234,

(2) Twisted pair conductors may be used under the restrietions
given in (a) above, but if in A or B eonstruetion, 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 T500 volts the twisted pair shall always
he 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. 8ignal Lines Crossing Over or Conflicting with
Supply Lineg of More Than 750 Volts.

Note: This construetion is not recommended except over trolley
feeders. '

(a) Strength of Construction.

Overhead signal lines erossing over supply lines under the cir-
cumstanees noted in Order 1234 shall comply with the construe-
tion requirements of Grade A, B, or €, as required in that order.
(See Order 1289 for signal lines used in the operation of supply
lines.)

(b) Complianee with Other Orders.

Where signal lines crossing over supply lines are required to
comply with Grade A, B, or C construetion, they shall comply as
to eonductor sizes, materials, and sags, and as fo materials and




124 INDUSTRIAL COMMISSION OF WISCONSIN

strength of supporting struetures and attachments with Section
124 ; as to separation and clearances of conductors and wires of
the signal lines themselves with the requirements of Seetion 122;
as to guys and their insulators with the requirements of Orders
1212 and 1213, and in general with the requirements of Seetions
120 and 121.

(¢) Where Concerned Also with Bailways.

Where the signal lines referred to in (a) above are required to

comply with Grade C eonstruction and ‘algo eross over railways
under cireumstances calling for compliance with Grade D or B
construetion, Grade D or E shall be met in all respeets except
as to conductor sizes and sags, which shall eomply with Grade B
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—Db and Appen-
dix A.

(d) Pole Clearance.

The pole or tower structures of each line conecerned in the eross-
over shall have clearance from the conduetors of the other line as
required by Order 1221 or 1227, whichever applies.

(¢) Wire Clearance Above Supply Lines.

The clear space between the lowest overhead gignal line con-
duetor (or guy, messenger, or span wire) and any supply line
conductor or guy, span, or messenger wire which it crosses over
shall not be less than given below, at 60° F. 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:

Signal Lines
- Abigve supply conductors of lesa thim TH00 wolts. . ... Lot
Above supply conduetors 7,500 o 50,000 velts, ... oooooiiiinn
Above supply service conductors (not exceeding 750 volis) ;
Ahove supply Zuy, messenger a1 SPAT WIFS. .. 1. v vousiansyans st an e sty s

S b

Guy, Span and Messenger Wires,
bove supply eonductors of less than 750 volts. .
Above supply eonduetors 750 to 7,500 volte. ..
Above supply conduetors 7,500 to 50.000 volts -
Fxception: For crossings between conduetors and guy, ¢ o epat wires on the same
pole, see order 1221,

]

(£) Clearance Increases. -
Clearance inereases for long spans and high voltages are given
in Order 1220—d.
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(g) Halling Trees.

The erossing 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) Special Longitudinal Requirements.

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) Special Short Span Crossovers.
For special short span crossing construction, see Order 1275.

(i) Guys.

Guys may be used to meet the strength requirements of Seetion
194 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 eonflict 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 eross 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 ILines.

Conduetors used for fire alarm ecireuits 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
srades A, B or C construection requirements according to Order 1234,

(b) Conductors for Other Signal Lines.

Conduetors for signal lines other than fire-alarm lines unless
erossing over railroads or crossing at higher levels or conflieting
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. (See
Order 1201.)

(¢) Supporting Structures for Signal Lines.

(1) The poles used for all signal lines, unless erossing over
railways or exposed to supply (or trolley) lines by erossing above,
conflicting with, or being carried above the supply lines on the
same poles, need not comply with any requirements as to strength
and material except that poles and erossarms shall be of such
initial size, and so guyed or braced where necessary as to safffly
withstand the vertical loads to which they may be subjected, n-
cluding linemen working on them. '

(2) In other respects all signal line supports shall eomply with
the general requirements of Sections 120 and 121 covering traffic
guards, pole clearances, guys and other matters.

(d) Clearances Above Ground (see also Order 1220—a and b).

(1) Signal eonduectors alone and their guys, span wyires, and
messengers shall have clearances above streets, highways, alle'ays
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 GUY, SPAN OR MESSENGER WIRES Feet
(j{uming aj;e_ets ;anc} l[ilgéiwntgs ............................................................. Sl{t
2 in o raral digteiets. ... P IS e e L e R T 2 _‘._.-:..uu
cggﬁ ahov;. spaces or way4 aceossible only to pedestrians and above roadways to residence 4
e RS S e e e

Exception: The clearances do not apply to guys not carried over
roadways, or to guys along one side of a street or alley, unle_ss over
driveways. For guys on private right of way, or parallel to s'ldewal.k
curbs, when not passing over pathways, or roadways, no clearance 18
required; and if pagsing over only pathways the clearance may be
reduced to 8 feet.

(2) For signalline 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).

Signal conductors and their guy, span, or messenger lines con-
cerned in crossings, conflicts, or common use of poles with other
gignal lines only, shall have a minimum of 2 feet elearance from
those of other lines.
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Exeep{;ion: 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.

(f) Grounding, Isolation, or Protection.

(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 publie use
by one of the methods speeified in Part 3, Seetion 139. These
lines shall elsewhere be isolated by elevation or otherwise guarded
so as to be inaceessible to the publie.

(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
inaccessible to the publie. .

(3) Metal sheathed eables and messengers shall be isolated or

grounded in conformity with the general requirements of Section
120.

Order 1289, Signal Lines Used Exclusively in the Operation
of Supply Lines.

(a) Under Other Lines.

Such signal lines when

(1) Crossed over by, or

(2) Having conflicting with them, or
~ (8) On common poles and helow high voltage direct current
trolley eircuits 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 eonflict with, and
are not on common poles with, and higher than other lines or
equipment and :

(2) The signal lines and connected 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 deseribed to comply with the requirements of Sections

125 and 127 as to strength of consgtruction, but the conductors shall
be not smaller than permitted by Order 1246—b.

(b) Ower Other Lines.

Such signal lines, if erossing over, eonflicting with or higher on
common poles with other lines or equipment shall comply with all
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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
arvesters, 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.

SECTION 129. UNDERGROUND LINES—MANHOLES, HAND-
HOLES, SPLICING CHAMBERS AND DUCTS,
CONDUCTORS AND EQUIPMENT

Order 1290. Location and Accessibility of Conduits and Man-
holes.

(a) General Locations.

Underground systems of electrical conduetors shall be so lo-
cated as to be subjeet to the least practicable amount of disturb-
ance.

Note: When being designed and installed, care should be exercised
to avoid catch basins, street railway tracks, gas pipes, or other un-
derground structures.

(b) DPucts.

To facilitate installing and withdrawing cables 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 curves, 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 8 feet.

Order 1291. Grading of Ducts.

Manholes or handholes shall when practicable be so located
and duets so graded that drainage of ducts will always be toward
manholes or handholes. To insure satisfactory drainage, the
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duects shall be so installed as to provide, where practicable, a grade
of not less than 3 inches in 100 feet of length.

QOrder 1292. Mechanical Details of Manholes.

(a) Minimum Strength.

The mechanical design and eonstruetion 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 eonstructed, 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 conduectors, these shall be so arranged, if prac-
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.

(8) Manholes shall have adequate ventilation to open air
where any opening exists from such chambers into subways en-
tered by the publie, 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
seeurely closed by covers of sufficient strength to sustain such
mechanieal loads as may reasonably be expeeted to be imposed
upon them, and the arrangement shall be such that a tool or ap-

pliance is required for their opening or removal,
9
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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.

Duets used in underground systems of distribution for electri-
cal supply and signal conduetors shall be of such material, size,
mechanical strength, and finish as to facilitate the installation
and maintenance of conductors or cables.

Order 1295. Installation of Conduits.

(a) Protection.

Duets shall be suitably reinforeed or be laid on suitable foun-
dations of sufficient mechanical strength where necessary to pro-
tect them from settling, and shall be protected by concrete or
other covering where necessary to prevent their disturbance by
workmen when digging, or by other causes.

(b) Smooth Surfaces.

Duets shall have clear bores and be freed from burrs hefore
laying. They shall be laid in line in such manner as to prevent
inside shoulders at joints.

(e) Termination in Manhole.

Iron pipe conduit terminafing in manholes, handholes, or other
permanent openings of underground systems shall be provided
with an effective shield, bushing or other smooth ?utlet.

(d) Clearances. _

(1) Duct runs shall provide as great a clearance from other
underground structures as practicable, and particularly fr’om
gas' lines. The distaniee between the top of the conduit covering
and the pavement surface or other surfaces under which the duct
run is constructed, shall be sufficient to protect the conduit from
injury.

(2) The top of the conduit structure shall generally be loc:':Lt.ed
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 eleetric 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 see-
tion which is subjeet 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 construction and
protection should be provided or the conduit placed at a greater depth.

(e) Walls Between Supply and Signal Conduits.

Conduits, including laterals, to be occupied by signal condue-
tors for public use shall, where practicable, be separated from
underground conduit and laterals for supply conduetors by not
less than 3 inches of eoncrete or its equivalent.

Exception: Cable extensions may, however, be made to existing in-
terconnected or jointly owned and jointly occupied duct systems teed
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 supply conduetors occupy duets
terminating in the same manhole, the two classes of duct 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) Jounts.

Joints in duet runs shall be made mechanically seeure to main-
tain individual duets in alignment,

(h) Opewings Imto Manholes.

Duet openings into manholes or handholes shall, where ptrae-
tieable, have a elearance 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 service 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—Dh, Section 132, Part 3.)

(i) Dissipation of Heat.

Conduits designed to carry supply eables of large eurrent ea-
pacity shall be arranged, where practicable, so that duets earry-
ing such eables 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 duects.

Order 1296, Location and Identification of Conductors.

(a) Separation of Supply and Signal Systems.

Underground systems of eleetrical supply conductors and of
signal conductors for public 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 duect systems used in common by muniei-
palities, sighal eompanies, and power companies are exempted from
the above.

Note: When signal conductors for public use and electrical supply
conductors oceupy the same manholes, they should be maintained at
opposite sides of the manhole and where necessary separating barriers
should be installed. Where supply cables are of large current capacity
all eahles 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 ares.

(b) Identification. )

Cables shall be permanently identified by tags or otherwise at
each manhole, handhole, or other permanent opening of the un-
derground system, except where their position, in eonjunction
with diagram supplied to workmen, gives sufficient identification.

(e) Aeccessibility.

Cables in manholes shall be reasonably aceessible from the clear
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 eable for ingpection 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 ahove the floor of any manhole of not less than 6 inches.

Order 1297. Mechanical Protection, Support, and CGuarding
of Live Parts.
(a) Cable Sheath. '
(C'ables, 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 areing.

(b) Guarding of Live Parts.

(1) Protective, control, or other apparatus on supply lines
where installed and maintained in manholes and handheles shall
have live parts inclosed in suitable cases.- The metal sheathing
of all conductors or cables shall be made mechanically and elec-
trically continuous with the metal cases of proteetive, eontrol, or
other apparatus.

(2) Joints or terminals of eonductors or cables of under-
ground electrical supply systems shall be so arranged that there
are no bare ungrounded current-carrying metal parts exposed to
aceidental contact within manholes or handholes.

(e¢) Supports.
Mechanieal 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) Conduetors or cables from underground systems which
connect to overhead systems shall be mechanieally protected.
Hxposed metal riser pipes containing supply eonductors shall be
grounded unless such conductors are covered with a grounded
metal sheath or are themselves grounded.

(2) Conduectors or eables from underground systems which
conneet to overhead systems shall, if operafing at more than 750
volts to ground, terminate in suitable potheads, switches, or sim-
ilar devices of approved design or construetion.

(3) Open supply wiring connecting to underground systems
shall begin not less than 8 feet above the ground surface or plat-
form accessible to the public.

(4) When practicable, risers to contain conductors or cables
used for signal systems shall not be placed on the same pole with
risers 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 practiecable, be placed on op-
posite semi-circumferences 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 duets 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 (parheularly supply dis-
tribution and signal systems) shall not be run in the same duet.

Order 1299. Multiple Connections.

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 indieate that
faet.

Exception: Such marking is not required when suitable cut-outs
are provided on both high and low tension sides of appa,ratus
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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,
eircumstances will sometimes call for modifications. For in-
stanee, where many large conduetors are carried by a pole line,
greater sags than those listed for the larger conduetors will some-
times be advisable, to reduce the stresses on poles at turns and
dead ends, and to permit smaller longitudinal guying at cross-
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 ean be readily measured by methods
and instruments in practical use for this purpose.

The definition of “‘loaded’’ may be found in Order 1241,
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TABLT 15—8AGS FOR HARD AND MEDIUM DRAWN BARE COPPER
WIRE FOR DIFFERBNT SPAN LENGTHS

(At 30°, 60° and 90° F., wires without load.)

o L o Span Longthe—Peet
i o r st eg. I = i 3 e e
' w0 | 195 | 150 | 175 | 200 | 250 | 300 | 400 | &00
e | | | D | I | I | | | Dn
No. 8 (&3 20 8 a2 |. :
. | 12
90| 18
No. & A | &
60 12
an | 16
B 0
B0 10
a0 14
G sl 6
B0 1
o | 14
Neoo ¢ All 30 i
) 60| 10
g0 M
No. 2 Al | 6
80| 10
90| 14
No. 1 All 0| ®
. | 1
Bl 14
Wo. 0 AN 0| 6
6| 10
o0 | 1
Ko 00 All 0| @
wl| m
| 14
Yo, 000 Al sol el wsl 1 | 18| 138 28| s| wW| s
v {113 | 15 18 21 24 32 42 84 132
oo| 12| 10.5] 23| 2| 3 | 40| 0| s| w2

TABLII 1
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6—SAGS FOR HARD AND MEDIUM DRAWN.COVERED COP-
PER WIRE FOR DIFFERENT SPAN IYVENGTHS-

(At 30°, 60° and 90° F., wires without load.)

o Bugs
Size Cradeof | Temp. F Li ]
e 2 Cr . D;l% : fpan Lengths—-Feet .
100 1256 150 175 200 250 300
% I In. 7. 8
No. 8 ¢ sl e | M i e L
&0 % 27
90 21.5 31
Na. 6 A Bl 15 23
6 8 37
g 21.5! al
No. 6 B 30 11 17.5
0 15 32
90 18 26
No. & o 30 8.5 14
60 12 18
90 16,5 2.5
No. 4 All 30 8.5 14
i} 12 1
80 17 22.5
No. 2 All 30 BB 14
60 12 18
i T
No. 1 All 30 8.5 13.5
60 12 18
_ 90| 155 225
Ne. 0 All 30 8,5 13.5 20.5 226 26 42 66
80 12 18 26 28 32 49 72
go| 155 228l 3t a4 38 56 8
No. 00 All 20 2.5 135 20 225 26 a8 a7
L] i3 18 25 28 31 46 66
45 i 22.5 30 34 38 53 73
No. 0000 All a0 8.5 13.5 18.5 21 2.5 3l 43
Lili] 12 18 24 27 80 | 38 50
20 16 225 29 33 36 48 58
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TABLE 17—S8AGS FOR SOFT-DRAWN COVERED COPPER WIRES FOR

DIFFERENT  SPAN LENGTHS
(At 30°, 60° and 90° F., wires without load.)

Bags
Bine Gradeof | Temp. Span Lengths—Feot
X W, G Consir. | Deg. F. -
100 125 150 175 200
In. In. In.
No. 6 ¢ 30 18 2
60 21 a3
90 24 26
No. 4 A 30 ﬁ'ﬁ 28
90 24 35
No. 4 B& O 30 14.5 23
60 18 27
90 21.5 3
Nao. 2 A 30 14.5 23 36 4
. 60 18 277 40 54
g0 21.5 3l 44 58
No. 2 B&C 0 11 17.5 28 40 55
i 80 | 15 22 33 45 69
90 18.5 2 38 50 B4
No. 1 A 30 105 - 175 28 40 55
600 15 7 33 45 &0
o 8.5 26 37 0. 65
No. 1 B&C 30 8.3 13.5 91.5 31 43
] 12 18 27 37 48
80 15.5 22.5 32 53
No. 0 All 30 2.5 13.5 20.5 29 39
G0 18 18 28 35 45
a0 15.5 22.5 3 2 51
No. 00 All 30 8.5 13.5 2 2% 36
B0 12 18 25 a3 42
a0 15.5 22.5 a0 38 48
No. 0000 All 30 8.5 13.5 18.5 24,5 30
60 12.0] i8. 2 30 6
90 16 9225 28 i 48

T
|
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RE FOR DIFFERENT SPAN LENGTHS
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'I‘A.BLE 18—%ENSIONS IN HARD AND MEDIUM-DRAWN B(A:F.E COPPER

Tensicns
Sige. Grade of | Conditi
A W. G, Jonstr. of Loud ) Span Longth—Peet
°F, 100 | 125 | 180 | 175 | 200 | 250 500
No. 8 c 40° No load
60" No lord
90° No load
0° Loaded
No. & A 30° No lead
60° No load
90° Mo load:
0° Loaded
No. 6 B 30° No load
B0° No load
90° No
No. @ c 30° No load
0° No load
90° No load
Load
No. 4 All 30° No load
60° No load
40° No load
Loa
No. 2 All 30° No load
60° No
0% No load 2801
0 L 1,250
No. 1 All 30° No load G501 740|  820|
q £0° No load 4701 550 B30 i
20° No | 370 430|500
0 Loaded 1,450( 1,600 1.,?0? 1,800
No. 0 All | 30° No load go0| . 30| 1,050
* No load oo 7oL 800l 7
90° N load 460| 540|630
0 Loaded 1,650| 1, 2,000] 2,150
No, 00 Al 30° No load 1,050 1,1a0] 1,300{ 1,500
60° No load a0 0] 1,000] 1,050
90° No load 580|  680| 790
Toaded 1,950( 2,150| 2,350 2,550
Na. 0000 All 30° No load 1,6560| 1,8501 2,050{ 2,300
| 60% No lgad 1,200] 1, 1,400] 1,850
90° No load 630{ 1,100| 1,250] 1,500
@ p Z,SWBIIII 3350 3,750

(8) Correspond to the sags of Table 15.
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TABLE clg-——TE\TSIOVS IN HARD AND MEDIUM-DRAWN COVERED

(®) Correspond to sags of Table 17.

|
| ER WIRE FOR DIFFERENT SPAN LENGTHS (*) : TABLE 20—TENSIONS IN SOFT-DRAWN COVERED COPPER WIRE
| | FOR DIFFERENT SPAN LENGTHS (*)
|
[ : Terigions
! - Bize Grande of | Condition : | Tausions
i AW, G, | Constr. of Load Spun Length—Feet -
B - . Span Length—Feet
| °F. an | 125 | 150 175 200 | 260 300 Size | Gradeof | Conditior
A W.G. | Constr. | of Load ;
| °F, 100 125 150 175' 200
o E Ths, | Lbs, | Lhs. | Tbs | Lhs | Lbe | Lba. '
No. 8 (& 30° No load 77 71 j
60° No load 2 (] |
90° No load 54 58 . Lbs. Lbs. Libs, Lbs. Libs,
07 Loaded | 470 | 520 No. B C 30° No load 91 o . I
60° No load 82 8 -
No. 6 A 30° Noload | 115 115 & 90° No load 1 76
60° No load 98 0° Loaded 540 590 |
| 90° No load 8l 87 :
0° Loaded | 580 | 610 No. 4 A 30° No load 140 140 -
. $0° No load 120 120
No. & B 30° Noload | 1 155 90° No load 105 115
60° Noload | 110 120 | 0° Loaded 670 710
| 90° No load 9 103 j
| Landed 630 No. 4 B&C |30° Noload 175 165
. ; 60° No load 140 145
| ‘WMo 6 (o 30° No lond 195 180 907 No lead 115 130
- 60° Noload | 140 145 0° Losded 770
o° Nolosd | 108 | 130 ;
0° Loaded | 640 710 No. 2 A | 80° Noload 280 270
; ' No load 220 230
No. 4 All 30° Na load 270 280 260 | 240 50° No load 185 200
80° Noload | 210 20| 20| 210 ed 900 970
90° Noload | 155 170 175 | 186 _
0° Loaded | 820 [ 900 950 | 1,000 No. 2 B&C |80° Noload 350 350
0° No load 260 280
No. 2 Al |s0°Noload| ag0| 440 | 410 | F00| B30 | 460 400 90"'Ngﬁ1§eﬂ 210 240
60° Noload | 330 340 | 330 | 400 | 430 410 370 | 0° Loaded 980 1,050
90° Nolond | 250 | 270 980 | 340 | 380 70 320
0° Loaded | 1,100 | 1,150°| 1,200 | 1,350 | 1,500 | 1,5 1,500 No. 1 A 30° No lead 430 430
; | , 60° No load 820 340 7 _
No. 1 Al |30°Noload | 360 [ 540 510 630 | 710 660" 590 90° No load 260 250 _ 300
60° Noload | 400 | 410| 410 | 00| a70 570 54D 0° Loaded 1,100 1,200 1,200 1,250 1,250 .
| 90° Noload | 310 | 330 250 | 430 490 | 510 450 | |
0° Loaded | 1,200 | 1,300 | 1,350 | 1,550 | 1,700 | 1,700 | 1,850 No. 1 B&C | 30° Noload 560 540 490 470 450 -
‘ _ / _ _ . £0° No load 390 410 400 400 400
No. 0 Al [30°Noload | 710 | 690 g0 | 820 | @0 | 910 870 40° No load 310 530 340 350 360
| $0°Nolead | 510 | 530 | 530 | 660 70 | 780 770 0° Loaded 1,250 1,300 1,350 1,400 1,450
I 40° No load 390 430 450 550 630 | 680 530 )
| " Loaded | 1,450 | 1,550 | 1,600 | 1,850 | 2,000 | 2,050 | 2,200 No. 0 Al |32 Na Im.d 710 690 470 830 630
i 60° N a10 530 530 530 540
| No. 00 Al |30°Noload| -390 | 860 | =40 | 1,000 | 1,200 | 1,200 | 1,200 #0° No lpm:l 460 430 450 480 480
! 0° Noload | 630 650 680 | 830 | 970 | 1,000 | 1,040 0° Loaded 1,450 1,660 1,600 1,600 1,700
90° Noload | 480 520 570 680 810 290 910 |
0° Louded | 1,700 | 1,800 | 1,850 | 2,100 | 2,350 | 2,500 | 2,600 No. 00 Al | 30° No lond 890 860 830 840 840
= | : 60° Na | 630 630 680 700 720
No. 0000 Al | 30° Nolead | 1,350 | 1,350 1 400 | 1,650 | 1,860 | 2,250 | 2,450 | 90° No Ioad 430 520 570 800 640
| oload | 960 | 1,000 | 1,100 | 1,300 | 1,550 [ 1,900 | 2,050 0° Loaded 1,700 1,800 1,850 1,900 2,000
o0° Noload | 730 | 810 | 920 | 1100 | 1,300 | 1,600 | 1,750 ]
0 Loaded | 2,450 | 2,500 | 2,650 | 4000 | %300 | 3850 | 4,200 No. 0000 AL | 80° No load 1,350 1,350 1,400 1,450 1,550
50 No 1 |l M@ bl i
| (*) Correspond to sags of Table 16, oo 2400 3,500 5. yo0 | 2oee
|
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| (®) Correspond to the tensions of Table .18. : {

| TABLE 21—STRESSES IN HARD AND MEDIUM-DRAWN BARE COPPER ' ‘
WIRE FOR DIFFERENT SPAN LENGTHS (*) TABLE 22—STRESSES IN HARD AND MEDIUM-DRAWN COVERED
COPPER WIRE FOR DIFFERENT SPAN LENGTHS (¢)
‘ Stresses -
| . [ Stresses
| A.%Ylfc(} %m{?sut of C?‘ngltlﬁn Hpan Length—Feet ol aeare A
| W, G, onstr, of Loa i CGrade : iti Bpan
i | oF. |00 |15 | 150 | 175 | 200 | 20 | 300 | 400 | 500 Sl s g condies.
- oF, 100 125 150 175 | =00 | 250 | 300
, ; Lhs. | Lbs, | Lbs. | Lbs. | Lbs. | Lbs, | Lbs. | Lbe. | Lbs. i
per | per per per per PEr per per per
| Sq. In{8q. In.}Sq. In.|8q; In.8q. T |8g. In.|Sq. In8q, In.|8q. In. Lbs Lhba, Lbs, Lhis. Lba,
T per PET por |
No. 8 C 30° No load | 7,200 7,150| 5,900]. "To. | Sa.In. | Sq In. | Sq. In. | Sq: In.
60° No load | 4,800 5,000{ 4,800/, | No. 8 . C 30° Noload | 5,900 | 5,000 | 5550 |....
90° No load | 3,600| 4,100| 4,150{, . 60° No load | 4,800 | 5,050 | 4.000
0° Loaded [34,100]38,800{40, 250 ; 2o . 90° No load | 4,180 | 4.500 060
o ] g
. 5 " ﬁﬂ“}&d 1% §|150 E'Eﬂﬂ _____ _ 0° Loaded ss,ucq 40,00
o -800| 5, 1800|..... o o (7 W 5 | SN KRR (O [F—
| 90° No Inad | 3600 4.100] 4,150(.. .. W § - G- B A e i
07 Loaded [27,400{30,500032,350|. .. ... 80" Noload | 3,000 4.200 | 4,850 |... .o ofemimnnasinniieafinasiis
0° Loaded | 28,000 | 30,800 | 82,500 [.. ..o oo e nnnnn
No. 6 B (30 Noload | 8,800 8,700 8,001 ... B : i
‘o load | 5,800( 6,000| 5,900]....., ° Noload | 7,400 | 7,400
90° No Joad | 4,100| 4,650] 4,850( ... o e B 20° Ny load 5,450 | 5,050
0° Loaded (28, £00[31,750{34,400]. . .... 90° No load | 4,550 | 5,000
ed | 20,300 | 33, 100
No. 6 3] %Iﬁmlﬁﬂ gggg g.% s,% g,lsu - ’ f .
o loi i 000/ 5, 7 ; load | 6,400 | 9,180 | 8,250 | 8,050
90° No load | 4,100 4,650| 47850 4850 | Ne. € | O IO Noload| 6800 | 7100 | 8800 | 6.950 |
0° Loaded 128, 400131, 750134, 400|135, 900 90° Noload | 5,250 | 5,750 | 5,800 | 6,250 |,
. ed | 31,000 | 34,600 | 37,000 | 39,800 |.
SR - o e e B e e | v
? No .000] 6, ! ' , L 3 1 0° Noload | 8,300 | 8,500 | 7,800 | 7,450
90° Na load | 4,100] 4650 4.950| 5.350] 52501 4,700 4400|7107 No. 4 AL (e Raled ] S0 | Bhs | e | Bang
° Loaded (22,700/23, 700127, 00|29, 400|30,500(30,600{30,800|. .. ... |. ... 90° Noload | 4°500 | &.250 | 5.400 | 5700 5‘3,30
p ~a00 | 80,700 | 81,700 |..Cl..c |t
R R i A b s e e e R bl G | Eu| g o | ,
oload | 5, ; 1200| 8,400] 9, .250| 7,700| 6, 150 o d 8,500 | 7,800 | 9,550 | 10.200 | 8,750 | 7.65 :
90° No load | 4,100 4,650{ 5.,600| 6,450] 7,600| 7,150 7,000| 6,500] 6,250 No. 2 All %ﬁn%ﬁ%ﬂd giggg LA | o) ool uom) B0l B |
0° Loaded |19,400(21, 000023, 650|126, 000|328, 10029, 300130, 200{30, 50030, 900 , 90° Noload | 4,800 | 5,250 | 5,400 | 6500 2?"2% 2;.;33 gg'égg
. Load )30 "000 | 26,250 | 28,3 ; L
Nl | ANl | 8 £ S SR AL 2 00 11 | et g | wsi| yo | sow | k| o
No . Looo| 7, ,400] ; 1850] 7,780/ 7, - 50 | 10,800 | 10,03 9,00
40° No load | 4,100( 4,650| 5. 600| 6.450] 7.600] 7.600] 7,850| 7,300] 6.850 \ Ho- 1 AU (S Noload| ESMG | 8200 | TIN| Si | ‘B0 | 2| 1t
07 Loaded |18,200]19, 25021, 70024, 000{26, 000|127, 50028, 700128, 900/29, 000 60° No load | 4.650 | 5000 | 5,250 | 6,500 | 7.400 | 7,700 7.300
I 0% Loaded | 18,600 | 20,000 | 20,800 | 23,700 | 26,030 | 26,000 | 28,000
ll No, 0 an 30° No load | 8,800| 8,700( 9,850011,200(12,400{11,700{11,400| 9,200/ 8,550 ' 5350 | 8050 | 9,050 | 11,200 | 11,000 | 10,350
#0° No load | 5.500| 6,000 7.200| 5.400] 3. 600| 9.500] 9.500] &.500| 8,050 No. 0 A (i) 20| hne | fwmn| adn | 8400 | 9250
80° No load | 4,100| 4,650| 5,800) 6,450| 7,600{ 7,900 8,250! 7,800 7,600 90° Neload | 4,700 | 5.150 | 5,400 | 6.600 | 7.650 [ 8,200 .2
0° Loaded |17, 10015, 200120, 20022, 200|24, 150|26, 000|126, 800127, 500127, 000 0° Loaded | 17,650 | 187500 | 19,000 | 22,100 | 24,300 | 24,500 | 25,500
Ne. 00 All | 30° Noload | 8,800 8,700] 9,850 11,200(12,400/12,400(12,500/10,100( 9,250 - 0,800 | 11,300 | 11,560 | 11,150
60° No load | 5,800 6,000] 7,200| 8,400 9,600{10,000/10,400( 9,100| 8,650 | No. 00 All ggg}ﬁ g:gg gggg gggg 700 | 9.a50 | 0.780 | 9850
90° No load | 4,100] 4,650| 5,600| 6,450| 7,600| 8, 150) 8,450 8,400/ 8, 100 | 40° Noload | 4,550 | 5,000 | 5,450 | 6,500 | 7,700 | 8.5 8,760
0° Loaded |16, 100/16,800|18, 800(20,800{22, 500]24,200|27, 600125,400(25,400 ] 0° Loaded | 16,300 | 17,100 | 17,700 | 20,250 | 22,550 | 24,200 | 25,100
No. 0000 All 30° No load | 8,800] 8,700( 4,850|11,200|12, 400113, 850|15,100(12, 550|123, 150 5 B &0 o,850 | 11,200 | 13,650 | 14,600
60° No lond | 5,800 6,000| 7,200 8,400| 9,600(11,230(12,350(11,050{11.050 e G st %8-‘?%‘3% gslzgg glggg uimg 7.900 | 0,250 | 11,350 | 12,450
90° No load | 4,100| 4,850 5,600| 6.450| 7,600| 9,05010,350| 9,850/10,130 00° Mo load | 2400 | 4'ss0 | 5.500 | 6500 | 7.700 | 9.550 | 10,550
15,000(15, 10016, 90018, 60020, 100(22, 700|124, 600124, 600|24, 850 0° Loaded | 14,650 | 15,000 | 15,800 | 17,900 | 19,950 | 23,200 | 25,250
|
1

(") Correspond to the tensions of Table 19.
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|
| -DRAWN CO RED COFPPER WIRE | ‘
|- AORE AT STRESSEI%IF%BI‘JR%E% SEAN LENGIHS () 2. MINIMUM SAGS WITH CORRESPONDING TENSIONS OF

' IRON AND STEEL WIRE [
e | The followi S are those which will h 1
' - e tollowing sags ¢ ose whic es stor -;
[ wime . | Grass | Conditian Span Length—Feot Ml g : & dre‘ il len will stress .t e cond.u.(,tm :
‘ A W.G. | Constr. of Lead = = = e " to nine-tenths of its elastic limit under the loading conditions |
'| : specified in Order 1241,
H K i e o | This method has been employed for determining stecl-wire sags
| Beds | Bede | Badw | Bl | Baa \ For the reason that steel wire is generally used in rural distriets
No. 6 L ) 5% - e i where the chance that eonductors of other materials will be
I strung on the same supporting structures is very remote and
o, 4 A | 30° Noload 1,350 4,950 ' where long spans are used for the sake of economy. It is impor-
el . 2 tant, therefore, to know the minimum sags that can be used
willer i 0 S AT i without overstressing the conductor.
No. 4 B&C |30° Noload 7,300 5,100 : . T
’ #0° No load 4,200 4400 When short spans are used and therve is every possibility that
90° No soad 3,550 3,000 i i Boll h E
0° Loaded 21,850 23,500 the steel wire will be replaced with copper or that copper circuits
No. 3 A |50 Nolod 5,300 3.0 4,750 4,700 will be strung on the same supports, it is recommended that the
> Mo loa 4 i 4 4, & . -
90° No load 3,550 3,850 3,000 4,000 |2 sags for copper wire of the same or nearest eross section be used,
! 07 Loaded 17,300 18, 500 18,850 19,800 |.. 5 . . ;
. i . unless the sags specified for steel wire arve the greater, in which
No. 2 | B&C |30°Noload 8,650 8,700 8,000 5,700 _
61 No lond | 5% 5,380 4 %553 5,280 case the latter sags should be used for both the copper and steel
: o loa i | i v sty % i e
0° Losded 18, 750 20,300 20, 800- 21,500 | 21,750 _ eonductors, This construetion will eliminate a ragged appear-
No. 1 A [30° Nol 6,500 6,500 5,800 5,550 | 5,300 ance in t ine and will ssist in preventing con
o S’g:ﬁ % i E’E% b i i ; ce _he_ qui auttl will also assist in preventing conduetors |
.3, 800 2 . ' i m SwWin > pooetner. |
0° Loaded 17,050 18,400 18,550 18,850 | 18,860 ro’ WHBSANE HEakIeE . )
No. I | B&C |30°Noload 8,550 8,200 7,500 L0 | 6,850 _Under the assumed conditions, the tension in the eondm::to_r
i le e oo B 2300 | 5800 will be as great for short spans as for long ones. The longitudinal |
O luaded | IEGY | E000] | 20,000 | | 2LEG | 318M strength of the structures for such spans must, in order to with- {
; _ . [ . 1
Ne. 4 A Reiwd AR il stand these stresses, be comparable to the strength of structures !
St B e S - IR L for long spans. The advantage of using short spans is aceord- ‘
‘ No. 00 Al |30°Nolead| 8500 8,200 8,100 5,000 | 8,000 ingly lost unless the sags are increased.
60° No load 6,000 8,250 6,500 8,650 6,850 ; ; ; .
90° No load 4,650 5,000 5,450 5,750 6,100 Since the sags for iron and steel wire have been caleulated on
0° Loaded 16,400 17,000 17,750 18,300 18,000
the basis of the material being stressed to nine- tenths of the aver-
No. 0000 All | 30°Noload 8,150 8,100 2,350 8,700 5,250
£0° No load 3,760 6,100 8,850 7,150 7,050 age elastic limit or 0.45 of the ultimate streng’rh under loaded
60° No load 4,850 6,000 8,550
0% Loaded 141450 15,000 15.700 16600 | 18000 conditions, the values for the sags and tensions given in these

(*) Correspond to the tensions of Table 20,
A series of tables of stresses is not included, sinee 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 tengions.

in

tables are limiting valnes.
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|| TABLE 26—SAGS FOR ORDINARY GRADE ST
' TABLE 24—SAGS FOR EXTRA BEST BEST (I B, B.) TRON WIRE FOR ; R BEL WIRES FOR DIF-
‘ , _ R A SPAN LRNGTHS —— WRENT SPAN LENGTHS
i ' (At 30°, 60° and 90° ¥\, wires without load.) EES0%, 805 and: BU- T, welvea Gt Boad. ) i
y Hfizo of Temp, ; Span Length—Feet

‘ S%eof g'em . TN Bpan Length—Feel : Wirg Deg. F. |
! irg . e [ = 150 e
H . = oo 125 | 50| 175 | 200| 250| soa| 00| s00| 600 | 700 ! 175 | 200 | 250 | 300 | 400 | 500 | 600 | 700
i =1 I m, | T dee | 16| 3 '
| Al b | e | e | | I | Io | T6 [ T wls by 30 2 | 87 | 555 fn iof | 168 22;'1 |
: Wt : 0 |1
| No, 8 go | 8.5 45| 708 9r | 130 | 208 — 90 | 25 | 05| 565 8 |107.5| 113 | 281 ,
| SLW.G | 60 a1 | 485 11| 9.5 12 |20 : oy = il
' et laags (s Bl il | sw.eo | s | 17| Bos| don| 57 | Tes| 12a |14
* No. 6 30 18 | 81| 49 | 8.5 94.5] 150 | 90 18 | a0 | 44| e0.s] 795 127 | 185
BB % wsl 30 8 sl 100 |15 No. ¢ 30 0.4 14.5
: s s o B StlLW.G | 60 o'8| 185 30 | 41 | 30.5| 615 it
SN%E"'iG 30 lia 21.5 gg}g g.s gg 11112 90 13.5) 22| 33 | 45 | 60
IR b4 1 35| 03| 86 | .| 116 34 in. 30 3.3 7.1| 16.5| 26.5 41
' 7 strand 60 5 o8l a| 81| sl 75| Lot
1 in. 30 7.3| 17 | sos| 4s.5| e4.5| 109 | 162.5) 305 90 6.4 135 25 | 5.5 T
7 strand 60 wa 2t | 34| s05| 68 | 111.5| 165.5| 208 Firo ) _ 49.5( 83.5/ 125
0 135l 24 | 87 | 58| 71 | 118 | 168.5( 310 |......f.eeoo)eeeees 8L gg gi é.ﬁ 7.7 11.5 19.5 40 | 68
. \ . 3 10.1 P ¥
& in, 30 s 72 18 |2 |2 | o | ess)ies |30 |4 ) 90 i S M O I -
e % v o 25 Bs| %5l 105 |98 |30s | s [0 %4 in. a0 s 43 68l 99 145
; ; i + Tstrand 00 c4| 53| 83 128 18| 350 350 i3 B (3% | 3
in. 30 3.8 7ol 117 19 | 27.5 51.5| B81.5} 158 | 288 | 83 544 a0 4.0 68 107 16 i 260
7 'srand &0 53l o8| 155 23 | s2ip| 56.5| s6.5 163 | 262 |38 | &a 22.5| 30.5 61.0 118.5 103 | 285 | 397
3 50 79 125 1e| 27| a7.5| o5 o1l5| 168 | 267 | 363 | 543
i TABLE 21—SAGS FOR SIEMENS-MART
? i T
TABLE 2—SAGS FOR BEST BEST (B B) TRON WIRES FOR DIFFER- e BTN SEESL WIRES FOR DIFFER-

SPAN LENGTHS (AL 359
(At 20°, 60° and 90° F., wires without load.)

, 60° and 90° F., wires without load.)

Sags } . Sags
Szeof | Temp - Sizo of | Temp, = —
Wire Deg. F. ‘Bpun Length—Fect Wire Deg. F. = 7 el Spau Length—Teet
2 5 200 L 2
w0 [ Tizs | 150 | 175 | 200 | 200 | 300 | 400 | 500 | coo | 700 i el B Ak Ak Al AR AR
In. | In. | In.
T No. 8, 30 |ssi7 | s % I"'_ In |In, [In | Tn | In | In. | In
No. 8 30 23 Sil. W. G, 60 | 9.1120 | 345
5tl. W. G. 60 gg 90 j2i7fz | 38
= | No.6 | 30 |83 72 1
No. & 30 13 StowoG | 6o | 520107 205
Stl. W. G. 60 Lg o0 | 7715 | 25
10, i
% b Xo, 4 30 |24 40 835
No. 4 30 * 7.5 St W.G. | 60 |3.5 6.5 12
8l W. G 60 g.g 90 | 5.0| 9.6 16.5
x 3 3 in 30 | 1.9/8.3 54
14 in. 30 4.8 7 strand 60 | 2.3 3.4 5.7
7 strand gﬂ e.; ‘ 9 |27 5 2.8
1 8. 2
’ | o in. a0 1.8 3 1.8
30 3.1 5 | 7 strand 60 |22 3.6 58
i 7 strand 60 4 B | 90 | 2.7 4.5 7.9
= e L | % in. 30 |17lzd 4
m 30 g3l 5.6 e.1] 145 205 41.0 67.5 136 | 226 | 339 473 .7 strand 60 | 1.9 8.11 4.6
7 80 a8l 7ol 118l 18 | 26.0| 47 | 73.5| 142 | 282 |34 479 90 | 2.2] 8.6] 5.4
90 55| o5 15.0) 22.0] 31.0f 52 | 78 | 148 [238 |30 484
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PABLE 28 TENSIONS FOR EXTRA BEST BEST (E. B. B.) IRON WIRE TABLE 20—TENSIONS %%%Tﬂggimﬂfg'g{%ﬁsﬂg)IRU'N WIRE FOR
FOR DIFFERENT SPAN LENGTHS () -
s Gonditions o o ‘ It
Sige: Co“d;;m . Bpan Length—Fect SVulL N I S ofg‘:‘g?re Igad?f and - . Span Length—Feet
Bl W G Jond and s | 460 | 175 | 200 | 250 | 800 | 400 | 500 | 600 | 700 Temp. I. | 100 | 125 | 130 | 175 | 200 | 350 | 200 | 400 | 500 | eoo | 700 |
Tbs, | Tbs, | Tbs. | Tibs Lbs, | Lbs. | Lbs || Noun | 300 o omt | 205 | P25 | P | 0 | T

- oNoload| 37| 36| 85| 8¢
o8 | Noioed| 25| 38| 3¢| 3¢
90° No load a4 33 33 33
0° Toaded | 422 | 422 | 422 | 422

B sa| 7| 7m0 67
o 23: NNg {;ﬁ 72| 6| 66[ 65
bo°Noload | 62| 64| 6&| 63
0° Tioaded | 602 | 50z | 592 | 502

0 Nolosd | 188 | 19 | 14| 11
Nod o0 Nolond | 144 | 132 | 128 | 130

No, & [ 30° Noload | 114 43 84 ] 7
5l W. G. | 60° No load 92 83 8 75 T
90° No load il | T4 T T2

0% Loaded | 663 | 665 | 685 | 605 | @65

_No.4 | 30° Nolead | 275 168 | 154 | 147
SUW.G. | 60°Noload | 195 | 168 2| 1
90° Noload | 145 | 138 | 134 | 132 | 12
0° Loaded : ' ¢

14 in, 30° No los 306 | 257 | 185 | 185 | 14
7 strand | 60° No Ip:g "

%}fﬁf&d 40° Noload | 183 | 141 | 24| 118

7strand | 60° No load | 466 4 ¢ 290 1
90° Noload | 564 | 482 | 422 | 381 | 354 | 324 | alo| 207 | 201 | 287 286
0 Loaded {1,530 (1,530 (1,530 (1,530 (1,530 |1,530 (1,530 |1.530 |1,530 [1,530 | 1,530

Sgin. [ 30° Noload 1,354 |1.220 (1,009 | 930 | 831 | 673 | Ao1 | 91 | 404 | 481 472

fpin | 30° Mo loa 1,_?}% 876 | 731 | 593 | 494 | 392 | ado | 3151 301 | 204 290
7 ! i 3

i oload | 833 | 682 | 541 440
?‘:'mid %%ﬁmﬂ g1 | 409 | 413 | 364

426 L |
Toaded [1,304 |1,384 1,304 1,364

134 | ose| 0| 72 | sammal - ool I a9 0 R IRl A8 A IR

i Noload |1,134 20 L g Pt & 30 i 82 7 464 AES

Shin (e Noload 1104 | 84 88| T3 2 ' 0° Loaded 1,891 [1,801 |1,891 (1,881 |1,891 [1,861 1,861 [1,891 1,801 |1,801 | 1,851
o0" Mo lead | 625 | 500 | 523 | 404 1,711 {1,701 | 1,701

&
0° Loaded |1,711 |1,711 |1,711 1,711

\ (*) Correspond to the sags of Table 25.
(1) Correspond to the sags of Table 24,
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‘ O : GRADE STEEL WIRE FOR \

ABLE 30—TENSIONS FOR ORDINARY ‘ TABLE 31—TENSIONS FOR SIEMENS-MARTIN STEEL WIRE FOR
b | L DIFFERENT SPAN LDNGTHS (9) DIFFERENT SPAN LENGTHS (8)
| ‘

Tensions Tensiona
8 e Bpma Leneth-— Vot S e “Span Length-Fest
‘ St W. G load and |\ = s s | 175 | 200 | 250 | 300 | 400 | 500 | 600 | 700 Bt W. G| load and
emn, ¥,

Temp. F. | 100 | 125 | 150 | 175 | 200 | 250 | 800 | 400 | 500 | 600 | 700 1,000

Lbs, | Lbs ] ' Lbs, | Tbs. | Lbs, | Tbs, | Lbs, | Tbe |
| No.§ |30°Noload | 32 4 | No 85t (30°Noload | 189 69| ~ 76 67 63
o

-ﬁ
| W.G. |60° Noload 18 81 690 64l 61 5g
90° No load B 70l @3 el 58] BT
0% Loaded | 694) 694 604 o004 o4 e0d

No. 6 8tl. | 30° Noload | 52| 310| 210 168 147 128

W.G. [60°Noload | 270| 211| 7168 143| 131 119

©90°Noload | 204| 1e0| 138 125 120| 113

. 0° Loaded | 066|066 966 966 968 066

Stl. | 30° Noload | 835 686 & 417|  a342| 261| 230 207
. | 60° Noload | 598] 478 a87| 322 281] 230| 213] 2ol .
80° Nolead | 410/ 337 287 2500 233| 9218| 203| 13,
0° Loaded | 1,347) 1,347| 1,347 1,347] 1,347 1,347[1,347(1,347

g in. | 30° Nolead | 1,003) 805 770 641 &05| 315| 244| 1oe
Teirand | 60° Noload | 845 740{ 628/ 50s| 208 272| o228 193] 181

90° No load B89 488| 380| 314] 240) g10| 186 178
0° Loaded | 1,350( 1,350] 1,350| 1,350] 1,350] 1,350(1,350(1,350(1,350

15 in. | 80° Noload | 1,730| 1,650 1,546 1,430| 1,300 1,080 794| 567| 488

Tstrand | 60° No load | 1,458| 1,378) 1,280| 1,173| 1,058) 832| 66| &20| a6e|

3| 1,025| 931 830 675 573; 483 447

0° Loaded | 2,160| 2,160 2,160| 2,180 2,160| 2,1602, 160/2, 160/2, 160
2,495

Egin. | 30° | 2,4191 2,315| 2,100/1,868(1,411]1, 114
7 strand | 60° Noload | 2,202/ 2,235 2,166| 2,007| 2,008| 1,805(1,596/1,231)1 019

G0F 1.844| 1,778) 1,896) 1,517|1,368(1,083( o41| s70| s26] 77
3,061 3,001 4,061| 3,061| 3,061| 3,061|3,0613,061|3,001/3,061/8,061(3,061

0 Nolead | 132| 10

No.& |30 Noioad| 100| 8
90° Noload | 831 80

0° Toaded | 712 712

] o Woload | 318 | 225
lEEE| m
| 90° No lo 1 ]

' 0° Loaded 982

4in, | 30° Noload | 566 | 413

'I PA |40 Nojoad | 419 | 208
' : 00° Noload | 291 | 218
0% Loaded 11,034 |1,034

Jein. | 30° Noload |1,182 1,070 i . :

7 strand | 00° Noload | 931 | 819 i _ o | | o 21

| ; 2 | e10 | 18| a2 | 4z | ss0| 356 2
%{ﬂ?ﬁ 1.% 1,710 |1.710 (1,710 1.?10 710 {1,710 (1,710 (1,710 | 1,710

| X e .

Sin. | 30° Noload 1,726 |1,630 {1,606 (1,372 (1,288 | 900 | B29 | BIT g1a | 602 gg

7'strand | 60° No load |1,402 |1,316 1,208 11,003 | 492 )

931 | ‘857 | 7e2 | 705 | 652 | 000 | 576 | 50 ;
ﬁ%ﬁ‘fﬁ %:% 5000 |2.240 [2,249 [2,240 [2,240 [2,240 [2,240 [2.240 12,249 | 2,249

I (¥) Correspond to the sags of Table 26,

(*) Correspond to sags of Table 27.

— e ——— EE e e
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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, medinm, and soft ecopper wire as given in the 1915 report
of the American 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 eopper and 50 to
55 per cent for medium-drawn copper. There is no definite elastie
Jimit for soft eopper, but its behavior, after having a slight pre-
liminary streteh, may be considered as approximately that of an
elastic material having a limit of elasticity of 10,000 to 15,000
pounds per square inch.

The modulus of elasticity has been taken at 16,000,000 for all
erades of copper. The coefficient of linear thermal expansion per
degree F'. has been taken as 0.96 X 107,

TABLE 32— MECHANICAL DATA FOR COPPER WIRE

Hard-drawn Medium-drawn Soft-drawn
Average | Averuge
Size. Dism- | Average | Average | Minimum | Maximum Flonga- | Average | Average
AW cter | Ultimate | Elonga- | Ultimate | Ultimate tion Ultimate | Elonga-
Strength thoil Strengtli | Strength Btrength tion
Lbs, Lbs. L,
Per Far Per Per
8q. In; Cent i, I 8y In
3,700 1.06 0, 660 A6, 860
62.100 1.14 49,000 56,000
B0, 100 1.24 48,330 55,330
57,600 1.48 47,000 54,000
56, 100 2.17 465,000 3.
54,500 2.40 45,000 52,000
800 2.80 44, 51,000
51,000 3.25 43,000 50,000
, 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 mannfacturers tables,

The elastie limit for different samples of the same grade of wire

will vary over a considerable range, the minimum value being-

e ———— e
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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 exeeeded in practice, the sags for iron and steel wire were
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 K. has taken as 0.67 X 10

TABLE 33—MECHANICAL DAT%AIE‘;%%SIRON AND STEEL WIRES AND

_ Modu!
Ultimate 3trength of— of Eﬁi‘i{giy
Bjm ?}gmﬂ % 108 of—
Nominal éts:zrll-l. ) gﬁi—
Ordi- Bie- Grade
TBE BB nary | mens- | LEBB ;:dg,
Lrom Iron | Grade | Martin | and Sie-
Steel Btesl BB -
Murfin
I_l;hs LPbs. IlJ)hB. l'lahs. L. Lbs.
B er ‘BT Per Per . Pe
BNolid: In, 8q. In. | Ba. In. | 8q. In. | Ba. In. | Ba. In. | Sq. In. | Sq. .{u.
o S 8L W. G 162 0200 | 45,450 | 51,000 | 54,7
i 3 i i A1, 4,700 | 74,800
§§ 2 gﬂ.: g: g ............. i %gg .gso 45, 450 | 51,000 44,600 | 74,000 gg gg
gran'dad: ............ > L0398 | 45,500 | 51,000 | 54,600 | 75,000 26 29
4 ., 7— B3 mils... 245 0379 | 47,500 | 52,700 | 80,700
o, 1— i i ; .y ; 79,
{'ﬁ; E;“ ;--11% nul’:li:. : ik 27 L0654 | 47 400 | 52,000 | 58,100 T3..£gg ig g'll. !
3 L =120 mils, .ol 36 792 | 48,000 | 53,000 | 63,200 00, 19 21

4. RESULTANT CONDUCTOR LOADINGS

The following table gives the resultant loading in pounds per
ff)ot for conductors of various sizes and material. The caleula-
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-
tur‘ers vary considerably and hence average values are chosen.
T_}us is also frue of the sizes of the strands which make up
stranded steel cables. The values of loading are based on the
sizes of strands given in the table.
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TABLE 34—CALCULATED LOADég%‘,QFOR CONDUCTORS OF VARIOUS
4

) Diameter |gbt of Resultant
Bize of Conductor aver all uotor Inading
In. Lhs. Per Tt | Lba Per Fi,
0.081 0.020 0.816
102 032 839
128 050 872
162 0795 o7
204 26 - 981
258 201 1.075
289 263 1,137
825 320 1.214
L305 403 1.309
A80 4L 1.575
21 035 87
25 053 982
26 075 1.003
32 112 1.075
a8 164 L.164
44 L2080 1.278
47 a18 1.345
.80 AT 1.435
502 1
65 167 1,850
444 270 1.285
518 328 1.305
620 A28 1.557
662 522 o 1.666
83 B0 1.993
250,000 cir. mils 862 . 2.217
350,000 eir. mils. . 978 1.345 2.619
500.000 cir. mila. . 1.108 1,804 8,217
750, 000 cir. mils 1.443 & 4.272
1,000,000 eir, mils 1.581 3.674 5,230
wstmld.ed um, A, W. G.
i No. a]lmn 201 061 1.023
.328 .97 1.065
/368 097 1.112
414 122 1,168
1522 105 1,312
162 004 H12
192 087 953
225 154 1.006
249 12 1,022
327 .210 1.142
Bare solid copper No. 165 082 921
Bare golid iron No. 12 109 032 846
Bare solid iron No. 14 083 019 816
Bare solid copper Na. 104 033 842
Bare solid copper No I 080 019 814
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APPENDIX B. LOADING DATA, MECHANICAL CHARACTERIS-
TICE AND RECOMMENDED SETTINGS OF
OVERHEAD SUPPORTS

1. DATA FOR COMPUTING VERTICAL AND TRANSVERSE
STRENGTH REQUIRED FOR LINE SUPPORTS

(a) Assumed Vertical and Traomsverse 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 manufaeturers vary considerably, and hence
average values are chosen for the table,

TABLE 35—VERTICAL LOADS ON CONDUCTOR SUPPORTS

Diameter Condietor4-
Bize of Condustor over all 0.5 inch ive
In. Lbs. Per Ft.
0.081 0.381
102 406
128 440
162 491
204 b4
L2658 678
. 280 744
1395 833
365 040
4600 1,238
.21 AT
25 519
.26 547
32 621
.38 .71
44 .B43
47 Bk
.50 1.029
.93 1,148
.05 1.482
444 L8556
518 061
1.
t i
1.
1.
2.
2.
3.
4.

P —
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TABLE 35—Continued

Diameter Conductor +

Bize of Conductor over all 0.5 inch ice

Bara stranded aluminam, A, W. G, In Lbs, Per Ft
No. 2. el 201 953
.828 592
. 368 836
414 691
522 831
Bare solid eopper, No. 8B 165 495
Bare solid eopper, Ho. 12 N 104 409
Bare solid eupper No. 14 080 .880
Bare solid iron, No. 12 B. 108 410
Bare golid iron, No. 14 B, W. 83 381
Bare steel—solid and stranded. 3
R R L R G N T L R L e A L 162 481
No. 68tk W G—solid. .. oveeennainneniiingas - 192 527
No.dBth W. G—aolud .., oo isiiaa i 225 587
14 in., 7— 83 mils,, stranded. . N 40 580
¥ in., 7—108 mlls. stranded. . . 327 725
Bgin, 7—120 m!]B. stranded 360 830

The values of transverse loads computed from Orders 1240—b,
1242—b, 1280—e, and 1281 for various grades of construetion
(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 Orders 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 fignred 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 ountside
diameter in inches, which will give the force in ecolumn 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 3§—FQUIVALENT TRANSVHRSE FORCE ON WIRES

_Actual fores on fce-covered wire modified for grade (pounds per conduector

per foot.)
Bize of Conductor A B (s}
D B
Bue auhd AW, G
1.08 0.721 0.480
1.10 78D 490
1.13 753 501
1.16 775 514
1.20 803 535
1.26 839 550
1,29 850 573
1.33 ‘883 589
1,37 a1 607
1,46 73 849
1.2 0.807 0.538
1.25 833 “556
1.2 540 2360
1.32 880 587
1.38 420 H13
1.44 46 i i)
1.47 480 53
1.50 1.000 i
1.53 1.020 L0
1,65 1160 733
1.44 0062 0.643
1.52 1.612 JGTA
1.62 1,080 720
1,66 1108 .73
250,000 eir. mils 18 }ég? ‘88
350,000 cir. mils 1.98 1.318 879
500, 000 oir. mils 2.11 1.405 987
750,000 cir. mils 236 | 138 1,011
1,000,000 cir. mils 2,53 169 1%
1.29 0.861 0.574
1.33 B85 ]
1.28 917 (6Ll
1.41 ' (628
1.52 1.015 LHTH
Bare zolid, No.
Bare solid, No. i{ir Oggg 008
Bare zolld, No. L 1.08 72 iga
Bacs sohid. No: 110 736 1ol
Bare solid, No. 108 1720 it
Bare sohg %gd%{r G
o. 8 Bt W, G.—solid i
No. 8 8t W. U.—=olid i{gg ;gi gég
No. 4 Stl, W, G.—solid 1.925 516 (544
3 in., 7— 82 mils. str, . 1.249 .83 585
g in., 7—100 mils. sir. 1.327 884 2360
in., 7—120 mils, str 1360 -906 804
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(b) Caleulation of Momenis of Kesistance of Poles. The re-
sisting moments of sound chestnut, western red cedar, and eypress
poles for varying ground-line circumferences given in Table 37
are based on a maximum allowable fiber stress of 2500 pounds per
square inch, which is one-half of the assumed ultimate strength.

The resisting moments of 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.

For other varieties of wood poles, the resisting moments will
be in the same proportion to those tabulated as the relative ulti-
mate strengths of the different woods.

For sound southern yellow pine, the same values as for chestnut
may be used. Values 30 per cent greater than for chestnut may
be used for dense southern yellow pine meeting the standard of
the American Society for Testing Materials, Southern yellow
pine should not be used for supporting structures unless creo-
soted or subjected to some other preservative treatment, as other-
wise the rapid deterioration will require early replacement.

The following formula has been used in caleulating the mo-
ments:

M — 0.0002638  (* = moment in pound-feet; where
f — allowable fiber stress in pounds per square inch, and
€ = circumference of the pole at ground line in inches.

While the ground-line section may not be the most stressed
section in poles with considerable taper, it is so regarded here.
Sinee the wood usually deteriorates most rapidly at this point, it
is here that sufficient strength must be provided.
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TABLE 37—RESISTING MOMENTS OF SOUND WOOD POLES FOR
VARIOUS GROUND-LINE CIRCUMFERENCES, BASED ON A MAX-
IMUM ALLOWABLE FIBER STRESS OF 2500 POUNDS PER
SQUARE INCH FOR CHESTNUT, WESTERN RED CEDAR,

AND CYPRESS, AND 1800 POUNDS PER SQUARE INCH
FOR NORTHEEN WHITE CEDAR AND REDWOOD

Resisting moments Resisting moments
. in Eemnd&fcat for : in pound-feet for
“Clrgumfer- fiber stress of Cireumfer- fibor stress of
enge at enee at e -
ground in 2,500 pounds 1,800 pounds ground in 2,500 pounds 1,800 pounds
inches PEr square per square inches per square por square
inch inch inch inch
24 9,120 6, 500 il §2,400 59,400
25 10,300 7,420 al 87,500 63,000
26 11,600 &, 380 52 92,700 66,800
27 13,000 9,350 53 018,200 70,700
28 14,500 10,400 54 103, 800 4,
29 16,100 11,600 ab 108, 700 i
30 17,800 12,800 56 115,800 83,400
i 19,650 14, 150 a7 123, 100 87,800
32 21,600 15,600 58 128,700 82,450
a3 28,700 17,100 59 185,400 97,760
a4 25,800 18,700 60 142,500 102,600
ab 28,300 61 148,700 107,800
a6 30,800 22,150 62 157,200 113,200
a7 400 : 63 164, 800 118,700
26,100 it 172,960 24,500
34 49, 100 28,201 (it} 181,100 130,400
40 42,200 30,400 66 189,800 136,500
41 A 32,700 67 198,400 142,800
42 48,8900 36,200 (i} 207,400 149,300
43 52,400 37,750 69 216,700 166,000
44 56,200 40,450 70 220,200 162,900
45 60, 106 ¥ 71 2346, 001 <
4G 64,200 46,200 72 246,200 177,300
47 68,600 , 800 3 256, 600 184,800
48 12,900 5 74 267,200 192,400
49 G 56,600 (] 278,200 200,300

2. METHOD FOR DETERMINING SIZE OF WOOD POLE
REQUIRED ’

(a) Formula Used.

Given the span length, the size, material, number, and height
of eonductors, the size of pole which will fulfill the requirements
of Orders 1240—b, 1242—h, 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 n, to na = number of conduetors 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 iransverse 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 hn =respective elevations above ground in feet, of condue-

tors subjected to forces Pi to Pu. )

§ =sgpan length, in feet (or one-half the sum of the adja-
cent spans). )

P, = pressure in pounds per square foot as given in the
rules mentioned above, according to local econditions (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 My = 1 PoDH?
pound-feet and the moment due to the pressure on the conductor is
Me=8 (Pinijh; + Ponshs + ... Punaha) pound-feet, and the total bend-
ing moment on the }301& is M = Mp + M.. This value of M will always
be employed for poles carrying supply lines only, but where only sig-
nal eonductors 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=DM:+ log“, when N is 11, 12, 13 or 14; or
M = M, + §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 fo be considered will be M =2

(Mp + Me), or M=2 (Mp -+ 1[;1;10)' or M=2 (M» + &M.), according
to the value 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) Examples.

(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 Numher Voltage

above af Kind of Wire of (or other

ground Wire Wires class)
0,33 6 A, W. G | T. B W. P. solid copper 6 7.6 amp,
58,33 8 A W. 0 |T. B. W, P. eolid copper 6 7.6 amp.
56.33 B A. W. G. | T.B. W. P. solid copper.. [} 7.6 amyp,
54.33 o0 A, W. G. | T. B. W. P. solid copper 4 2,300 volts
52.43 0000 A. W. G. | T. B, W. P. solid copper 4 2,300  volts
50,33 o000 A. W. G. | T. B. W. P. solid wopper B 2,300  volts
48.33 00 A W.G. |T,B. W, P. solid copper 2 2,800 volts
44 .33 | 350,000 ¢, m. T. B. W. P, szolid copper & 2.300  valts
44 .33 GA W, G.|T. B, W.P. sclid copper i 7.6 amp
42.33 6A W.G | T B.W.P. slid copper 2 110 volts
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According to Order 1231—Db, 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 ““Foree per foot”
being taken from column O of Table 36:

Span Force in Number Height above  Bendin
length pounds of gfoun_d momen%
in feet per foot wires in feet (pound-feet)
75.33 X ot x 6 X 60.33 = 15960

.33 X 58T X 6 *x 58.33 = 15420
75.33 X bH8T X 6 X 56.83 = 14900
76.38: 11X 734 X 4 X 54.83 = 11980
7583 X 734 e 4 X 52.33 = 11520
75.33 X 734 X 6 X 50.33 = 16620
75.33 X 68 o4 2 X 4833 = 4950
7533 X .88 X 4 X 44.33 = 11720
7638 X 587 X 1 X 44.33 = 1960
7588 X b8T7 b4 2 X 42.33 = 3740

Assume pole to be used will be one having an allowable fib tres
of 2,600 ‘pounds per square inch. A pole of 57 inches ground?lll:nge l'filf
cumference will have a resisting moment of 122000 pound-feet. The
E;l%:ssirzeeqmre a minimum top diameter of 6 inches, and for a pole of

6+ 'g%
M=% X (3 X 8) X m X 62°= 10300 pound-feet,
M = Mp -+ M. =10300 + 108800 =119100 pound feet.

(2) Suppose it is desired to determine whether or not the pole
used complies with the orders, under the following conditions:
; J.:djaeent spans 124.2 feet and 139.1 fect; average span 131,65

eat,

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 :

T-%eight
of arm Si 1
_nbow:,i. A?B Nnﬁber Liﬂl:n :'r
?;0?;{‘_ Wire Xind of Wire Wires class)
45.5 in. .
4217 cuoyﬁ LW G %?m. é ’frsmd
30.67 | 0000 A W. G| T 2 13:000 :ﬁh
3717 | 0000 AL W. G. | T 4 13,000 oi"gs
a7 6A.W. G [T 1 o
82,17 2AW. G |T 3 2,300 volts
28,17 10 A, W, G. | Ba ] pvt. tel. i
11
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Aceording 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 eolumn A of Table 36:

& Foree in Number Height above  Bending
151?;51 pounds of grqund moment
in feet per foot wires in feet (pour%—ﬁfget)
131.65 A 1.256 x 1 * 45.5 i—

181,66 X 1.78 X 3 X 4217 = 29600
131.66 X 1.78 X 2 g 39.67 = 18600
13165 X 1.78 ¥ 4 X 3717 = 34800
131.65 b4 1.32 X 1 X 82179 = 5600
131.65 XK 1.44 X 3 K 32.17 = 18300
131.65 X 1.10 s 2 X 28,17 = 8100
M. = 122500

60

0+
3 ;@f’i X 48 = 13400

M"zw(z‘>< 3)>< TX 12 i

M=DM,-+ M. = 135900

By Table 37, the resisting moment for a ground-line circumfer-
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 comply with the orders.

(3) Suppose it is desired to determine whether or not the p.ule
and side guys used comply with the orders, under the following
conditions:

. Adjacent spans 104 fect 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 eireumference.

Signal line crossing over railroad and carrying the following
wire load :

o Sise Number (Volta
f - or_other

o Wire Kind of Wite Wires oiata)
in feet

51 BB, W, G | Bare Gopper. :...ooxcvimrrnmapnsnsanes 8 Bignal

49 12N, B. 8. | Barc eopDar. v vreenvssvsnarsssarsis 10 &mi

47 }g g g % g:re COPPeT. . . s }g s_gnn

45 v B B, e COpper. .. ...

43 12 N. B. 8. | Barecopper...iio.oiies 5 Signal
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According to Order 1235—a, this pole will be required to com-
ply with Grade D, and the transverse loading due fo 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 77 X 8 X 51 = 34900
110 X 136 X 10 K 49 = 38700
110 X 736 X 10 b 47 = 38100
110 b4 .736 X 10 X 45 = 36500
110 X 786 X b X 43 == 17400
M. = 166600
60
8+ —
3.14
My=F X8X ——— X b2° s 12200
2 x 12

Since N is greater than 15, M =DM, } 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 317, the resisting moment for a ground-line eireum-
ference of 60 inches and a fiber stress of 2500 pounds per square
inch 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 87 it will be seen that a pole slightly
larger than 72 inches in ground-line cireumference will be re-
quired if guys ean not be installed.

Agsume 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_%3265 =2740 pounds, and the equivalent foree acting
45 !
e ) V16* 4450
in the direction of the guy will be e K 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 complies 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 58%% inches
ground-line ecireumference, : _

Joint supply and s‘gnal line and carrying the tollowing wire
load :

eH{zlagrE:E Size : Nun}bst (Xrulm
o
::t]auo‘:l?:l ‘Fﬁ-& Kind of Wire Wires . elass)
in fest
6A. W.G. | T B, W. P Eol. copper i 6.6 amp,

ﬁ A W. G |T.B. W.P. Bol 6 biﬁﬁgnp.m
43 0000 A. W. G. | T. B. W, P, Sol. copper 3 3 vgh
43 00 A W. Q. |T. B. W. P. Bol. copper 4 2.300 v lta
41 9 A W.G. |T. B. W. P.Bl. copper 6 2,230 van:
39 ZAW. G |T. B.W. B copper 3 3 vol
39 6A. W, G |T.B, W. P. Sol. copper 2 Tﬁi, hamp.
35 12 N. B. 8. | Barecopper........coiiies 10 Telcp one
a3 12 Ni B, 8. | Bare oopper. ...oqderesnnysstoorgsnrns 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:ill
be computed as follows, the values of “‘Force per foot?’ being
taken from column C of Table 36:

I Height i
Span* Foree Number above Bending

length in lbs. of ground moment in

in feet per foot wires in feet pound-feet
98 X B8T x 6 b8 47 = 16250
98 X 587 X 6 X ='db = 16550
98 X 734 X 3 b4 43 = 9280
98 X .68 b 8 X 43 = 8600
98 X .96 X 6 > S | =l 23100
98 X .96 X g X 39 = 11000
88 X 587 X 2 X 83, = 4490
18 hd 98 X 491 X 10 X 85 - 8410
1% X 98 X 491 X 8 X 33 = 6350
M. = 103030

58.5
i 7 el
Mp=§.X(§X8)X'2—'xT2X48 = 7

M=M.+ M, = 110100

By Table 37 the resisting moment for a ground-line circum-
ference of 5814 inches and a fiber stress of 2500 pounds per
square ineh is 132,000 pound-feet (by interpolation between 68
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) Assumptions on which Tables 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 assumed to be the minimum allowable clearance at the
support if 18 feet clearanee is to be maintained at the center of
the span (see Table 3). Irequently a less number of crossarms
iy neecessary where larger sags make the difference in elevation
between the support and the center of span greater than 1 foot.
(Bee Sag Tables 15, 16, 17, 24, 25, 26, and 27, Appendix A.)

In Tables 39 and 40 it is assumed (1) that the guys earry their
loads with a factor of safety of 2; (2) that they are installed with
a lead of 1 to 3; (3) that they are attached at the center of the
load, this making it unnecessary to take into aceount the height
of the pole. The wind pressure on the pole itself has not been
taken into aceount 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 case.

(b) Use of Table 38. The maximum number of wires which
ean be carried in compliance with these rules by sound chestnut,
western red cedar, eypress and southern pine poles of different
ground-line ecireumferences and different spans for a 385 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 increase in elevation of the
point of applieation of the load.

A taper of 2 inches per 5 linear feet is assumed in Table 38,
but is used only for ealeulating 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 cireumference, assuming this to be
the most stressed section.

TABLE 38— ALLOWAEBLE NUMBER OF NO. 4 SOLID COPPER T. B. W, P,
WIRES TO BE CARRIED BY 35 FOOT SOUND CHESTNUT, WEST-
ERN RED CEDAR, SOUTHERN PINE, AND CYPRESS POLES
HAVING GROUND-LINE CIRCUMFERENCES OF FROM 3z
TO 48 INCHES AND UNDER VARIQUS HAZARDS (A,

B, OR C). (See foregoing explanatory note.)

Hazard S%?n in Number of wires to be carried by pole having
‘wet ground-line cireumference of
32in. | 34in, | 36 i [ 38 in. |40in. | 42in. | 44 in, | 46 in. | 48 In.
100 L ] 7 & 10 11 8 16 18
A 125 # 4 6 8 g 10 12 14
150 * 4 4 il (i) 7 ] 10 12
200 * 3 3 4 5 5 [} 7 9
100 *7 ] i1 13 16 18 22 26 30
B 126 #f . 9 i0 12 14 17 20 23
150 *5 6 A 8 10 12 14 16 19
200 #q4 4 5 6 9 10 12 14
100 12 14 17 21 25 31 36 | Q| 4B
C 125 9 11 14 16 20 23 28 33 36
150 8 g 11 13 16 13 22 26 a1
200 i T 10 12 14 16 19 22

(¢) Use of Tables 39 and 40. The maximum number of wires
which can be earried, 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 sig-
nal lines of grades A, B, and C), and in Table 40 for signal lines
of grades D and E.

TABLI 89—ALLOWABLE NUMBER OF NO. 4 SOLID COPPER T. B. W. P.
WIRES TO BE CARRIED ON POLIS SUPPORTED BY SIDH GUYS
OF VARIOUS STRENGTHS UNDER VARIOUS CONDITIONS OF

HAZARD (A, B, OR €). (See foregoing explanatory note.)

Wumber of the designated wires allowed with speeified
numbers and strengths of side guys,
Hazard nin SRR
eeb 1-10000
1-4000 | 1-6000 | 1-16000 | 1-16000 | 2-10000 th | 2-18700
L 1b. Ib. ib. b 1-16000| 1b.
b
i3 1] 9 15 24 31 40 49
A 100 ] T n 18 28 30 a7
125 4 G '] 15 18 24 29
150 3 i1 8 12 15 20 24
i g 14 23 37 46 Lili] 73
B 100 T 10 17 27 34 45 b
125 & 8 14 22 27 36 44
150 a T 11 18 23 30 7
75 14 21 34 65 69 . J RO
(6] 100 10 15 26 41 52 67 83
125 8 12 21 a3 41 54 66
150 i | 10 17 34 45 55

#Wor Grade A 35-foot poles can not be used with go amall a ground-line
ﬂl;ium]:f)arenm. sinee pole top would be less than 7 inches. See Order

4—1). ) .

*#Thase numbera of wires will require 3 pin crossarms.
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TABLE 40—ALLOWABLE NUMBER OF NO, 8§ (B. W. G.) BARE IRON
WIRES TO BE CARRIED ON POLES SUPPORTED BY SIDE GUYS
OF VARIOUS STRENGTHS UNDER VARIOUS CONDITION OF
HAZARD (D OR E), (See foregoing explanatory note.)

Number of thg-.desiil&ated wires allowed with specified
R S&@m i numbers and strengths ol side guys,
wigh 1-10600
1-4000 | 1-6000 | 1-10000| 1-168000] 2-10000 Ih. | 2-16000
1b. 1 Ib. Ib. 1. 1-16600 Ib.
ib.
75 15 24 41 a5 ¢ B pCRE s EE RS

D 100 8 18 a1 49 6l 70 98

125 7 10 24 a0 49 83 78

150 b 8 20 33 41 53 65
75 24 a7 61
E 100 18 27 46
125 10 22 37
1560 8 8 a1

The blank spaces in the above tables indicate that more than
100 wires can be carried by the size and number of guys in ques-
tion under the indieated conditions of hazard, and span length,
wiﬂ;out 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 cable.

4. MINIMUM POLE SIZES AND RECOMMENDED DEPTH O
SETTINGS -

(a) Minimum Pole Sizes. The dimensions of poles given in
Tables 41, 42, and 48 are those referred to in Orders 1244—¢
and 1283—a, and are required under the conditions of loading
gpecified 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 given grade
of construetion should be taken the same as poles having an equal
ultimate fiber strength.
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TABLE 41—MINIMUM DIMENSIONS OF CHESTNUT POLES

Bizes specified in Orders 1244—c¢ and 1283—a.

ELECTRICAL CODE—APPENDICES PART 2

TABLE 42—MINIMUM DIMENSIONS OF WESTERN WHITE CEDAR,

RED CEDAR, WHESTERN CEDAR AND IDAHO CEDAR POLES

Sizes specified in Orders 1244—c and 1283—a.

169

i Minimum Cireumference of Poles® Mivimum Cirenmfercnce of Pples®
Por grade D ¥or grade D |
with 21 to 40 7 with 21 to 40 |
b signal wires Tor geade D, with 7 signal wires For geade D, with I
1 b e For grade D, (arder 1983a) not more than 20 Tor grade D, (order 12833%, not more than 20 '
A Lengta of Pole. with more than for grade E signal wires Length of Pole with more than for grade E, signal wires (order
1l in Feet 40 signal wires with morg than 283a), and for in Fect 40 signal wires with more tnan 1283a), and for !
i | _ (order 1283a) 40 signsl wires. grade 1 witn not (order 1283a) signal wires f with not |
and for Grade A (ordor 1283a), more than 40 sig- ‘and for Grade A (order 1253a), more than 40 sig-
mplf linea _and for grades nal wirea order ‘ sugggy lines aud for grades nal wires order
(order 1244e) B and C supply {12832) (order 1244¢) Band € wépply 1283a) '
i Iines (order lints {order |
12440) | 1244c)
Cirpumf Circumf{crenee Cireumference Circumference. Cireumference Ciroumfarence
' At b g At 1 g el L top e At 4 g At % . Ab #}‘ g !
F ] Tom op. Toin Ton rom 3 rom
| o butt i butt butt = butt = Dutk o l:uﬂg
I | Tn, In. In. In. 1In, In, In. In. In, In, Tn. In ‘
24 a3 22 30 20 a7 28 30 25 2% 22 26 |
l 24 a6 22 a3 20 a0 28 34 25 31 22 28
| 24 40 22 36 30 a3 28 37 9 a4 22 3l
{ 24 43 2 40 20 46 I 28 40 25 36 22
| 24 i 22 43 20 40 | 28 43 23 a8 22 34
I 24 48 22 47 20 28 25 40 22 3B
| 24 51 22 50 20 28 47 25 42 38
| 22 54 22 53 20 28 25 44 22 40
22 51 22 56 ), 2 52 25 46 22 41 ,
22 0 22 50 28 54 25 48 22 43
2 53 2 62 Z =TT I . = = > ‘
[ 92 65 22 65 These pole dimensions correspond to speeifications for Class A, B and ©
39 w0 99 60 i) poles, respectively, of the National Idlectric Light Association, American
22 73 29 72 13 I'| Telephone and Telegraph Co., and Western Union Telegraph Co.
22 kil 22 ] SR

*These pole dimensions correspond to specifications for Class A, B and C
poles, respectively, of the MNational BElectrie Light Asscciation, American
| Telephone and Telegraph Co,, and Western Union Telegraph Ce,
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TABLT 43— MINIMUM DIMENSIONS OF EASTERN OR NORTHERN

WHITE CEDAR POLES
Sizes specified in Orders 1244—e and 1283—a.
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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 inereased by at least 6 inches.
(See Orders 1217—d and 1283—a.)

TABLE 44—RECOMMENDED DEPTH OF SETTING OF POLES,
ORDER 1283—A

Minimum Cireumference of Poles®
For grade D
Iﬁ'“;:II g For grade D
signal wires or gr: , with
__ ) For grade D, {order 1283a), not more than 20
Length of Pole with more than for grade B, signal wirea {order
in Ve 40 signal wires with more tnan 1283a), and for
(order 1283a) 40 signal wires g £ with no!
and farl Gf‘ e (g:ld?r 12&13&), ma.l than ;‘*Jd ilge
supply lines and for grades nal wires order
{order 12440) B and C supp 1283a)
lines (order
SN Jl 1244¢)
Circumferenes Ci i Cireumf
’ At 6 It At B It At B IE
At top from At top from At top from
butt btk butt
In, I I, In. In. In.
24 a3 22 20 18.7 87
24 36 22 a2 18 ?g k1]
24 40 22 s 18.75 a3
24 43 22 38 18.75 36
24 47 2% 43 18.75 40
24 50 22 47 18.75 43
24 §3 22 a0 18.75 45
24 a8 22 53 18.75 49
4 by 22 BB | lopawcivii e

#Phege pole dimengions correspond to specifications for Class A, B and [
poles, respectively, of the National Hlectric Light Aasociation,’ﬂms?iea.n'
Telephone and Telegraph Co., and Western Union Telegraph Co.

Tength of Pole in Feeb Setting in Soil Betting in Rock
Fuet Feet
& 3
5 3.5
5.5 3.5
i 4
B 4
6.3 4.5
1 4.5
7 b
7.8 5
8 i
8 &
8.5 B
a 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 reinforeed in accordanee with Order 1244—b. The maximum
allowable depreciation for grades A and B construction is one-
third of the initial strength, and for grade C is one-half of the
initial strength. Table 45 gives the minimum depreciated
ground-line eircumference 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 iz not advisable to use some kinds of poles without pre-
servative butt treatment.
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TABLE 45—DEPRECIATION OF WO0OOD POLES

oo Minimum depreciated Maximum all I
Ground-line eireumference when ground-line circwm- radial depre:mli’oen
installe ference for for

Grades Grades
A and B Grade C Aand B Grade C

In. In. In. In.
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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 electrical utilization eguipment, 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
publie buildings, apartment houses, residences, ete.

Exception: Signal equipment connected to signal lines and radio
signaling apparatus is exempted, except from Section 139. :
Note: (a) In all wiring speeial 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 seeure distribution
centers located in easily accessible places, at which points fuses, eircuit
breakers, and switches controlling the several branch cireunits 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 current-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.

Not_t_a: See Orders 1100-1199 and Order 1354—a-1 for equipment
located in inclogure 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 cannot readily make contact with live parts while be-
ing removed.

(3) Where persons must at times enter inelosures while parts
are alive, the gnards 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 locations having grounded
floors.

(6) Such guards in loeations subject to moisture shall be of the
weather-proof type.

(6) Sueh gnards in locations subject to corrosive vapors shall
be constructed of materials and in such manner that they will
resist corrosion under the partieular eonditions. '

Note: Switches and fuses, except on switchboards, must be inclosed
at any elevation. (See algo orders 1350—h and 1351—d.)

(b) Conductors. (For wires in Elevator Shafts see Elovator
Code Order 420.) (See also Order 1357—e.)

(1) All exposed conductors, not included in (2), (3) and (4)
below, when brought eloser to floor or platform than 8 feet, or
when exposed to mechanical injury above that level, shall be
guarded by inclosure in eonduit, armored cable or surface metal
raceways, (See also Section 133.)

Exception: (1) Atsmall 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 condugtors 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 canstruc-
tion, may be of concealed knob and tube construction.

Note: (1) The Building Code defines assembly halls as including all
huildings or parts of buildings not ineluded 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) Conduetors operating at voltages higher than 300 volts
to ground shall be gnarded 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 eonductors
operating at voltages higher than 100 volts to ground, which 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—h.)

(e) Separation and Barriers.

Bare parts at different potentials shall be effectively separated.
Such parts in circuits of large capaeity or which are operated at
more than 300 volts shall, unless provided with the inclogure or
other guard specified in (a) above, be provided with suitable
barriers, if otherwise they would be liable to be short-cirenited by
tools or other condneting objects.

Order 1311, Working Space About Electrical Equipment.

(a) General. Suitable working space shall be provided and
maintained about all electrieal 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.
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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
thf‘lt 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_xpo:se.d live parts. For enclosing live parts one or more of the
folloz.vmg 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 inelosed
tzype shall be used. All lamps shall be equipped with a vapor-
t%ght g].o%:e and portable lamps with a substantial guard in addi-
tion. Wiring shall be in conduit, armored eable, or surface metal
Taceways.

_ (2)_ When equipment is located where explosive or inflam-
mable vapors or gases exist in dangerouns gquantities, ca.Sings of
the explosion-proof type shall be used ; sockets and incandescent
lamps_shall be inclosed in vapor-tight globes, rigidly Supper.ted
3.1_’1_(1 wufe.d with rubber-covered wire soldered c"[iréctly to the eir-
cuit. Wiring shall be in rigid metal eonduit and all fittings and

'-.'outlets. shall be electrically and mechanically continuous with the
_cfmduzt 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.) '

-Or_der'.':i_,313. Grounding.

_ Grounding in accordance with methods set forth in Section 103

o.f Introductory Part is required for electrieal utilization installa-
tions as follows:

~ (a) Direct-Current Systea-ns.

(1) Thre.e—wire direct-eurrent systems opervating 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 lesfs
than 300 volts to ground shall be grounded when the system 18
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
1031—b.) ' .

(8) Secondary distribution systems supplying power serviee
shall be grounded at the service entrance when the grounded eon-
ductor is extended to the service entrance and is necessary to
supply service to the customer. (See also Order 1031—b.)

(4) Electrical utilities shall not make service conneetion frerfl

_ such systems to electrical utilization equipment u‘nless'the provi-

sions of (1), (2) and (3) above have been complied with.

(e) Noneurrent-Carrying Metal Parts.

All exposed noncurrent-carrying metal parts of equipment
operating at voltages above 100 volts to ground shall be b‘pn.tied
together and permanently and effectively grounded. (For signs
see Order 1366—e-3.)

Exceptions: Grounding ig not required for the following equi_pmgnt:
(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 1312 exist, and provided the voltage
at which the equipment operates is less than 150 volts to gl-m{nd. i
(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 safd
qualified persons, at such times as said qualified persons may be in
contact with any live part. _
(3) 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, efc., cases

of transformers used exclusively to supply eurrent to switchboard in-
struments installed and guarded in all respects as required for. 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 includes all such parts as frames of motors,
cranes, carg, 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 portable cord with the portable device, one wire being used for
the ground conductor and the connectors being properly designed so
that wrong conneetions cannot be made by the user of the device,

(3) 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 iz sug-
gested,

Order 1314. Identification.
(a) General.

All electrieal 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 reeeptacles, 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.)
Each 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 yvard 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 cannot form
a cross connection between them. '

(2) Service wires shall be kept clear of awnings, branches of
trees, or other objects. : i

(3) Where service wires are attached to building they shall

be supported by insulators of proper type for outside use.

Note: Where extra high voltage service wires (abo_ve 2500 *vfolts)
enter a building, the orders for Stations (Part I) and Lines (Part II)
chall be coraplied with. (See also order 1325.)

(b) Entrance Wires.

(1) Serviee 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 serviee switch required by Order 1324, except that
ihe service conduit may be imbedded in tile, brick, concrete,
masonry and similar non-inflammable materials.

Exception: Where service can be brought directly into the ba.ck_ of
4he main service cabinet, porcelain tubes slanting upward to the inside
-ﬁnay-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 avranged as to prevent the en-
trance of water to the building. . _

(¢) Imsulating Covering of Wires. Serviee wires, 0pe1?at1ng
at less than 750 volts, between the first support on the outside ‘0f
the building and the main service cabinet shall have a rubber_m»
sulating cover ; from the first support on the ountside 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 wires S]L:lal.l be
insulated and protected against moisture and mechanical mmjury
where brought into a building, and all combustible material shall
be kept from the immediate vieinity.
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(b) Sealing Service Tubes Against Gas. Where an under-
ground service enters a building through tubes, the tubes shall
be tightly closed at outlets with asphaltum or other noneonductor,
to prevent gases from entering the building through such chan-
nels. )

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 fo Street Series Circuits and Trolley
Systems.

(a) Constant-Current Systems. Constant-current systems
shall not be run inte bhuildings 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
stations 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 huildings

used in the operation of quarries and similar places are exempted from
this order.

Order 1324, Switches, Fuses and Circuit Breakers. (See also
Orders 1350 and 1351.) (See diagram on page 308.)

At a readily accessible 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 switeh to diseconneet
all serviee conductors and equipment and main fuses to proteet
all ungrounded serviece conduetors (see also Order 1321—b-1).

Exeception: (1) The switch blade may be omitted in any grounded
conductor if other means is provided within the service cabinet for
diseonnecting such conductors,

(2) Where the serviee 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 serviece switch
and meters need not be protected by service switches and fuses.

(3) Yard wires of private plants supplying motre than one building
not on opposite sides of the highway are not considered as service
wires, so that fuses wounld 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




184 INDUSTRIAL COMMISSION OF WISCONSIN

these meters are located adjacent to each other, the requirement of a
main switch will be waived if each service has its own switch and
fuses and may be disconnected independently of the other.

Order 1325, Services of 750-2500 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 750-2500 volts shall comply with these additional require-
ments. ;

Note: Whete extra high voltage service wires (above 2500 volts)
enter a building, the orders for Stations (Part I) shall be complied
with. )

(b) Entrance Wires. High-potential service wires preferably
should enter the building underground, but in all cases the serv-
iee conduit shall pass directly into the cabinet or enclosure con-
taining the main switeh and automatie protective devices (fuses,
cireuit-breakers, automatic oil break switches).

(e) Oil Service Switch and Disconnecters.

(1) The service switch shall be of the oil-immersed type and
shall be so arranged that it ean be disconnected from the supply
lines by means of disconneeters or disconnecting 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
switeh.

SECTION 133. CONDUIT, METAL SURFACE RACEWAYS,
ARMORED CABLE

(For Open Wiring and Coneealed Knob and Tube Work see
Order 1343.)

Order 1330. Installation of Conduit. (Rigid Metal Pipe.)
(See also Orders 1310—Db, 1312 and 1342.)

(a) Minimum Size of Conduit. Conduit smaller than one-half
inch electrieal trade size shall not be used.

(b) Continuity Reaming and Supporting of Conduit.

(1) Conduits shall be electrically and mechanically continuous
from outlet to outlet or to junetion boxes, cut-out boxes or cabi-
nets.

(2) Conduits shall be reamed and properly coupled and se-
cured to all fittings and the entirve system shall be mechanically
secured in position.
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(¢) Eibows 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 guarter bends from outlet to outlet,

(d) Dratnage of Conduit in Damp Pluces.

‘Where there is probability of accumulation of water in conduit,
due to econdensation or other eauses, the eonduit shall be suitably
drained or wires and cables shall be lead sheathed or have other
covering designed to give equal or better proteetion.

(e) Completion of Work.
(1) Interior conduits shall be installed as a complete conduit
system before the conductors are drawn in.

(2) Wires shall not be drawn in until all construction on that
portion of the building has been completed.

(f) Conduit Fitiings.

(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 eovered 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 junction and outlet boxes,
metal molding, conduit, ete., shall be effectively elosed with metal
which will afford protection substantially equivalent to that of
the wall of the junction or outlet box, ete.

(g) Plucing Outlets for Concealed Work,

(1) For concealed work in walls and eceilings composed of
plaster on wooden joist or stud econstruction, outlet boxes or
plates and also cabinets shall be so installed that the front edge
will not be more than /4 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 eabinet.
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(2) On wooden walls or ceilings outlet boxes or plates and
eabinets shall be so installed that the front edge will be flush with
the finished surface or project therefrom.

(8) Outlet boxes, junction boxes and plates shall be securely
supported.

(h) Protection of Wires at Outlets. Metal eonduits 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 protect wire from abrasion,
except when such proteetion is obtained by the use of approved
nipples, properly fitted in boxes or devices, or by the junetion or
outlet boxes themselves.

(i) Acecessibility of Cabinels and Junction Boxes. Cabinets
and junction boxes shall always be installed in such a manner as
to be aceessible, (See also Order 1353.)

Order 1831. Capacity of Conduits. (See also Order 1342.)

(a) Number of Wires Permitted. Wires installed in conduits

shall eonform to Tables 1, 2 and 2A. (Seealso 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

Nurngbe‘r of Wires in One Conduit )
Size of Wire t | & 8 | &2 | % | o] ¥ | #
Minimum Size of Conduit in Inches|
14 £ 1 1 1 1
12 i i i i 1 1 11
10 } Iy A 1 1 1 1% 14 1
3 i 7 i 1 A i 152
¢ L 1 lﬁ- % 124 11 2 2 g
5 5 1 g 1 135 2. 2 2 3
4 g 11 1 g 3 2 2 g 2
H ; 14 134 133 2 2 2 2&2 ai
2 g2 1 i A 2 ni| 2 24
1 % 1 154 2 2 %é alg 3 3
0 1 13 ) 2 2;& 21 3 3 3
04 1 2 2 21 2L 3 3 3 kil
oo 1 3 3 2ls 3 8 3 314 2l
0000 11 2 2 2 3 3 3 alg 4
200000 C, M 1 2 214 2 3 3 3ig 3% 1
225000 14 .21«2 2 3" 3 314 i
250000 1-51'2 Ziﬂ- 2 3 5 3L
300000 1 21 3 3 31 | 3
350000 1 214 3 3 3is i
400000 1 3 3 3l 4 4
450000 1 3 3 aig i 4lg
500000 1l 3 3 3la 4 g
550000 11 3 318 4 414 5
00000 2 3 3 i Fid 5
850000 3 | Bla| 4 -
TO0006 2 3 34 414
750000 2 a1 334 4
200000 2 36 | & 41
850000 2 334 4 4
900000 9 34| 4 | 43
950000 2 1 4 5
1000000 g 4 4 5
1100000 25 4 414 &
1200000 2 414 4l &
1250000 9 414 4 | 8
1300000 2 4 5 6
1400000 at 4| 8 &
1500000 g Fibs 5 6
1600000 2lg 5 5 &
1700000 g 5 5 4
1760000 3 5 5 6
1800009 3 5 & 8
1900000 3 5 8 3
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 14 inch
condnit 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 % 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 eireuits of different systems.

TABLE 2—THRBE-CONDUCTOR CONVERTIBLE SYSTEM Order 1332, Installation of Armored Cables and Flexible
: Conduit. (See also Order 1342.)
o rpd rI . - 2
Sise of Wircs Plostrinl el Sizo (a) Compliance with Other Orders. Installation of armored
cables and flexible conduit shall comply with the general re-
two 1 and one 10 14 Tndh quirements for eonduits in so far as they apply and to these
i 1 w ; " i . : -
“ 10 i 5 . - additional requirements :
i i . ko : i '
| @ ¢ G 4 o l (b) Damp Locations. In damp places or when laid in con- |
5 : : & 0« . crete, armored cable or flexible conduit shall have a lead eov-
W 143 ¥ 4 - A .- -
“ i “ 0000 ¥ & ering placed between the outer braid of the wires and the steel
i 0 “ 250000 g &
- 0o .y 50000 21g « armor.
- 000 & muag e
« 2500_03 « 3;%_88_8.] 3w - (e) Bends. All bends shall be so made that armored cable
« e « Soluca 2-% “ or flexible condnit will not be injured.
o 500000 st 1250000 il _
% 600000 " 1500000 " : 3 :
# e 0 o i « Order 1333. Installation of Surface Metal Raceways. (See

also Order 1342.)

(a) Location. Metal raceways may be used only for surface
wiring in dry loeations, ¢

. ; (b) Continuity. Metal raceways shall be continuous from out-
| TABLE 2A—STAGE POCKET AND BORDER CIRCUITS, BLEVATOR

D EgnDE let to. outlet, to jun.ction boxes, or approved fittings designed
' et i "| espeeially for use with metal raceways, and shall at all outlets
be provided with approved terminal fittings whiech will pro-
| e Maximumn Namber of Wires in Conduit ‘ Fec;ﬁthedileslélatiﬁn of w;ires tf'rom ?llgagi;)n, unlesit?ch protection
i 5 i Tk bt Ty Ig"fé‘ Il is afforded by the construection of the boxes or fittings.
' (¢) Where Passing Throuwgh Floors or Partitions.
Eﬂ; = ig %z é; gé EE l (1) Where metal raceways pass through a floor, they shall be
s 13 22 81 i earried through an iron pipe, extending from the ceiling below
|

to a point five feet above the floor.
, (For groups or combinations not included in the above tables, see Appen-
dix C.) Note: This will serve as an additional mechanical protection and
exclude the presence of moisture often prevalent in such locations.
Exception: 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
ghall 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
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DIAGRAMS ILLUSTRATING USH OF MARKED WIRES, ORDER 1340—A

Heavy lines indicate the black covered, duggrqunded wire and light lines
indi identified white covered grounded wire, )
mdsllgg.;:ghégei; etrllua fef‘t 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 where single wire is used,

Cut furnished by courtesy of Underwriters’ Laboratories.

—————— ———

ELECTRICAL CODE—ORDER 1334 191

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 coupling within the partition.

(d) Screws and Bolts. The heads of serews or bolts placed
within the raceways shall be flush with the metal,

(e) Number of Circuits. Not more than four No, 14 A. W.
G. rubber-covered wires, and no single eirenit of more than 15
amperes shall be used in a metal raceway.

Order 1334, Wooden Raceways. Wooden raceways shall not
be used except in accordanece with Exeeptions (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 covered sep-
arately in Section 139.)

Order 1340. General,

(a) Identification of Wires.

(1) The grounded conduetor of lighting cireuits, from the
service head to every terminal, and all grounding conductors of
cireuits and equipment shall have a continuous identifying outer
covering, readily distingnishing such conductors from other con-
duetors.

Exception: Suech grounded conductors of existing installations and
all such grounded conductors larger than No. 8 A, W. G. in size may be
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 electrolytie
and low voltage welding eircuits, and similar conneetions; or
for trolley wires, third rails, erane runway wires, and other con-
taet conducetors 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 connee-
tion is made, such conduetors within buildings shall be kept in-
sulated from the ground.

(e) Twin Wires. Twin wires shall not be used except in eon-
duits, armored cable, metal raceways, or flexible cords.

(d) Awvoidance of Euxcessive Induetance. The two or more
wires of an alternating-eurrent 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-beam 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 Connections.

(1) Wires shall be so spliced or jointed as to be both mechan-
ically and eleetrically secure without solder. The joints shall
then be soldered, unless made with some form of approved splie-
ing deviee, 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) Btranded wires shall be soldered before being fastened
under clamps or binding serews, and whether stranded or solid,
when No. 8 A. W. . or larger they shall be soldered into Iugs for
all terminal connections, except where an approved solderless
terminal econnector is used.

(f) Rheostal Connections.

(1) Wherever insulated wire is used for eonnections between
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 deviees are not mounted upon them, the connecting wires
having slow burning insulation may be so arranged in groups
that the maximum difference of potential between any two wires
in any group shall not exceed 75 volts. Iach group of wires
shall be mounted on noncombustible, nonabsorptive insulators,
giving at least %4 inch separation from surface wired over, or
where if 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 eonduit.

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

conductivity, according to the standard adopted by the Ameri-
can Institute of Electrical Engineers, shall be followed in plac-
ing wires:
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TABLE 3—ALLOWABLE CARRYING CAPACITIES OF COPPER WIRES

Column B .
Clolumn A Varnished Column €
A W. G Diametor Ave dni Rubber Cloth Other
Number of Bolid Wire Cireular Tnsulation Insulation Insilation
in Mils. Mils, Amperes Amperes Amperes
5 L P 40.3 1,024 -] b
IB iy vt 50.8 2,583 6 10
T 64.1 4,107 15 20
I e AR AR 80.8 £, 530 20 25
| S e e S 101.9 10,380 25 a0
o C0E. Lo nnld 1285 16,510 35 50
P e T 162.0 26,250 50 70
Biss s wrensm ey 181.9 33,100 55 80
VPR 204.3 41,740 70 0
L > 2,630 B0 140
i A L e 6, 370 a0 125
L T e A e B e 83,000 100 L0
TN A " | 105, 500 125 200
B 133,100 130 225
L1 11]1 Lo T 167.800 175 273
........................ 200, 000 200 300
B0 s e it 211,600 225 315
......... 250,000 250 35l
300,000 275 400
450,000 200 4ol
400,000 25 B0
504, 00 400 600
06, 000 450 sl
700, 000 500 T60
B00, 000 gt 840
400, 000 00 420
1,006, 000 H50 T80 1,10
1,100,000 i) 830 1,080
1,200,000 730 880 1, 150
1,800,000 710 420 1,320
‘‘‘‘‘‘ 1,400,000 810 i} 1,290
........ 1,500,000 &af 1,020 1,860
....... 1,500, 000 200 1,070 1,430
...... 1,700, 000 430 1,120 1,440
1,800, 06¢ 970 1,160 1,550
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, cranes, 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 capaeity 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

Btrands Cable Allpwable Carrying Capasiticsin Amperes
No.of [Mils |[AW. G Avea in Dufside Column A Column B [Column €
Gtrands | Dia. Na, Cir, Mils Dia. nvee Rubbar Varnighed Other

Copper Inanlafion Cloth | [nsulation
Tnzulation
7/ 25 22 4,480 075 15 18 20
7/ 832 20 7,150 006 20 % 5
7/ 40 18 11,370 120 25 a0 ab
T/ 51 16 L 080 .153 i 40 a0
14 28,740 192 5 40 70
T/ 81 12 45,710 .2b3 i) 83 i)
T/ 11 58,000 8T8 80 i 110
7/102 10 72,680 a06 40 110 150
14/ 64 14 78,050 320 100 120 150
149/ 72 13 18,380 . 360 1245 150 175
19/ 81 12 124,800 405 150 180 zin
19,791 11 157,300 455 175 210 250
194107 #* 217,500 540 235 270 bE
18/114 9 248,700 B0 2a0 300 Aal
ar/ a1 11 308,400 837 275 240 k 400
37/ 97 #* 447,600 679 300 360 450
a7/102 10 381,200 714 325 200 500
37/118 * 484,300 798 400 480 600
617102 10 33, 300 918 475 565 700
B1/107 4 000 ? il Tolk
617114 3 TR, 300 1.030 50 B 825
61/121 % 803, 100 1.000 B0 720 i}
61,128 8 1,007, 000 1.150 0h0 T80 1000
01/114 3 1,181,000 1,250 725 BY 1125
81/128 8 1,502,000 1.410 850 1020 1350
127/114 0 1, fi60, 000 1.480 KR 1100 1440
127/128 5 2,007,000 1,660 1100 1300 1700

e ;]’{.‘hese individual strands are odd sizes not listed in the American Wire
‘ables,

(b) Minimum Size of Branch Circwit Wires. Wires shall not
be smaller than No. 14 A, W. G. except as allowed for fixture
work, flexible cords, and signal work. (See g and h helow and
Order 1346—¢). (For maximum connected load permitted on
braneh eireuits see Order 1352—Db.)

Note: Where wire sizes in these rules are specified it shall be undexr-
stood that copper wire is referred to. If wire of other material is useéd,
it shall have a carrying capacity equivalent to copper of the size

specified.

(e) Alternating Current Motor Circuits. (See also Order
1352.)

(1) Conductors supplying current to one motor shall be of
sufficient size to safely carry the starting ecurrent 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 ecircuit is pro-
tected by fuses, the rated eapacity of the fuses shall not exceed

the earrying capacity of the conductors as given in Tahles 3 and

3-A, except that the earrying eapacities of Column €, 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 current.

(2) Conduetors in that part of the cireunit leading from the
motor running fuses or cirenit breaker to the motor, are con-
sidered as being included in the protection afforded by such
motor running overload protective device, even though sueh pro-
tective device be shunted or cut out of eireuit during the starting
period. The minimum size of the eonduetors in this portion of
the cirenit shall, therefore, be determined from Tables 3 and 3-A,
applying to the kind of insulation used and in accordance with
the rating of the fuses or setting of the cirenit breaker provided
for the running overload protection of the motor, exeept that in
no case shall such conductors have a capacity less than 110 per
cent of the motor rating.

(3) Conductors supplying a group of motors shall be of a
size sufficient to earry the total load imposed upon them. Such
conductors shall not be fused greater than 110 per cent of the
rated earrying 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 eonditions 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.

(3) This order applies only to the branch eircuits up to the motor
running overload protective device.

(d) Direct Current Motor Circuits. (See also Order 1352.)

(1) All conductors supplying current o a single motor shall
have a current-carrying capacity sufficient to safely carry 110
per c¢ent of the full load eurrent without overfusing the wires.
(See Tables 3 and 3-A above.)

(2) Conductors supplying & group of motors shall be of a
size sufficient to earry the total load imposed upon them. Such
conductors shall not be fused greater than the rated carrying
capacity of the wires as given in Tables 3 and 3-A, pp. 194 and
195.

(e) Trolley Wires. Trolley or colleetor wires including erane
runway wires shall be large enongh to safely carry the eurrent to
be earried and to stand the strain put upon them when in use.
(See also Order 1358—Dh-9.)

(f) Newtral Wires. (1) In three-wire direct current or
single phase alternating-eurrent systems the neutral shall be of
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sufficient eapacity to earry the maximum current to which it
may be subjeeted.

(2) Such mneutrals of branch cireuits shall not be intercon-
nected exeept at the center of distribution.

(g) Fizture Wire, Fixture wires shall not be smaller than
No. 18 A. W. G. (See also Ovder 1346 and 1360—Db.)

(h) Flexible Cords. Kach conduetor 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 entraneces see Orders 1320 to 1325, inelusive, )

(a) Conduit Wiring. (See also Orders 1310—b, 1330, 1331
and 1357—¢g.)

(1) For conduit 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 eloth 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.

(8) 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 condnit is installed in accordance with Orders 1330 and 1331
and the wire is approved for conduit use. (See also Order
1343—i and 1.)

(b) Support of Vertieal Conduit Wiring.

(1) Wires in vertical conduit risers shall be supported with-
in the eonduit system in accordance with the following :

No. 14-A. W. G to 0-A W. G. inclusive, every 100 feet.

No. 00-A. W. G. to 0000-A. W. @. 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 devices constructed of or employing insulating
wedges inserted in the ends of condnits.
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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.

111, Junection boxes with covers in which wires are supported on two
or move 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.

(e) 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 Ovder 1333.)

(1) Wires shall have rubher insulating coverings, with at
least one braid for wires smaller than No. 6 A. W. G. and two
braids for wires No, 6 A. W. (. and larger and for twin wires.

(2) Wires shall be in eontinuous lengths from outlet to outlet,
or from fitting to fitting with no joints or taps in the raceway.

(3) Where branch taps are necessary in wiring raceways,
proper fittings for the purpose shall be uged.

{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) Armored Cable. (See also Order 1332.)

Wires shall have rubber insulating covering meeting the re-
quirements for rubber-covered wires or eords of the specified
types, and construetion.

Order 1343. Open Wiring and Concealed Knob and Tube
Work., (For Crane Collector Wires see Order 1858; for
Trolley Wires see Order 1345.)

(a) Imsulation of Wires.

(1) Wires for open work in dry places shall have rubber, slow-
burning weatherproof, varnished eloth or slow-burning insulating
coverings. When especially subject to acid fumes or eorrosive
vapors, either slow-burning weatherproof, varnished ecloth 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, ete. Wires shall not be laid dirveetly in
plaster, eement or similar materials.
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() Wares an Aflic. - Wires in unfinished atties or roof spaces
shiall not be run on knobs or cleats on upper edges of joists.

(d) Support of Wires in Open Work.

(1) Wires shall be rigidly supported on nen-combustible, non-
absorptive insulators, which will separate wires from each othe

and from the surface wired over in accordanee with the following
table :

Voltage Distance from Surface Distance Between Wires
B0 | 3o Bey pleess s i i e S 14 inch 214 inches
0-300 | In damp placesor where subjeet to corrosive vapors.l ineh 214 inches

o PSR e B e e R 1 inch 4 inehes

(2) Where wiring over flat surfaces, wires shall be supported
at least every four and one-half feet. If the wires ave liable to b
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 insnlating
supports to the under side of a wooden strip not less than one-half
ineh 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 elose to wire,
but not closer than ene inch, and of sufficient depth to provide suitable
proteetion.

(5) In large interiors where it is advantageous to run wires
through space, unsupported except at ends, the following eondi-
tions shall be observed :

I. Wires must be elevated at least 16 feet and not subject to me-
chanieal 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 Coneealed Work.

(1) Wires for concealed work shall be rigidly supported on
non-combustible, non-absorptive insulaters which are not more
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than four and oue-half Leet apart, and which remove the wire at
least one inch from the surtace wired over,

(2) Wires shall be kept at least five inches apart,

Note: It iz strongly recommmended that wires be run on separate
timbers. .

(3) Split knobs may be used for wires of No. 10 A. W, G, and
smaller only.

(£) Tying of Wires.

(1) Wires of No. & A. W. G. or larger used with solid knobs
shall be securely 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, except that it
need not exceed No. 6 A. W. G. in size.

(g) Fastening of Knobs and Cleats. Knobs or cleats, which
are arranged to grip the wire, shall be fastened by serews, or
barbed or cement-coated nails 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) Plexible Tubing.

(1) Wires at distributing centers, meters, switehes, 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 eontinuous 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-absorbent
insulating support inte and be seeured to the outlet boxes or plates
required by (m) below.

(3) In the case of combination gas and electric outlets, the
tubing on the wires shall extend at least filush with the lower end
of gas caps.

(4) Wires may be fished only in places where suitable inspee-
tion ean be made to assure that the work is in complianee with this
code.

(1) Wires Passing Through Walls and Floors.

(1) Wires in open work shall be separated from contact 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.) Such 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 from walls,
floors, timbers, and partitions, throngh which they may pass by
nen-combustible, non-absorptive insulating tubes, such as poree-
lain or glass. Wires passing through cross timbers in plastered
partitions shall be preteeted by an additional tube, extending at
least four inches above the timber.

(j) Clearance from Other Wires or Pipes.

(1) Wires of any eircuit coming within two inches of other
light, power or signal eirenits, 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 wh:ch moisture is
likely to gather, or which by leaking might cause trouble on a cireuit,

(k) Wires Entering Cabinets, ete.. Where entering eabinets,
cut-out boxes or junction 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 seeured 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 eircuit on non-absorptive, non-combustible
insulating supports, that portion of the cirenit which ean not be so
supported shall be installed with metal conduit or armored 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 nsing either conduit ar armored eable in mixed con-
cealed knob-and-tube work, the requirements for conduit work or
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armored eable work shall be complied with ag the case may be
Proper fittings having a separate bushed hole for each wire shall
be used for terminating the conduit or armored cable. (See also
Order 1330—f-2.)

(m) Outlet Boxes or Plates and Fizture Studs Reqtm ed. (See
also Order 1360—e¢.)

(1) Outlet boxes or plates shall be installed at all outlets in
concealed knob-and-tube wiring for lighting. Outlet plates shall
not be installed where it is praeticable to install ontlet 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 eanopies
may be used, it is strongly recommended that outlet boxes having a
depth of at least 1% inches and a maximum opening in plastered sur-
face of wall of 3 inches. (Bee also Order 1360—c-2.)

(2) Adeguate supports for fixtures shall be installed at all
straight electric lighting outlets. (See also Order 1360—e-5.)

(3) At outlets for combination gas and eleetric fixtures gas
pipes shall be fastened to boxes or plates so as to secure good
electrical contact.

(4) Outlet boxes and plates shall be supperted as required by
Order 1330—ag.

(n) Broken Surface at Outlets. 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
requirvements:

(1) The complete installation and any portion thereof wlth all
eut-outs and safety devices in place, shall have a resistanee be-
tween wires and between all wires and the ground (not ineluding
attachments, sockets, receptacles, ete.) not less than that given in
the following table:

Up to B amperes. ... 4,000,000 ochims
Upto 10 amperes. ... coereea2,000,000 ohms
Up to 25 amperes..... 800,000 ohms
Up to 50 amperes 400,000 ochms
Up to 100 amperes.. .. 200,000 chms
Up to 200 amperes.. - 100,000 ochms
Up to 400 amperes.. 50,000 ohms

Up to 800 amperes 25,000 ohms
Up to 1600 amperes 12,500 ohms

(2) When the lamp sockets, receptacles, electroliers, ete., are
also connected, one-half of the reswtanee spemﬁed in the tahle will
be reqmred ) '
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Order 1346, Wiring of Car Houses and Car Storage Yards.

(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 eontact with any metal part of the building shall
be provided.

(b) Cut-Out Switch and Line Breakers.

(1) An emergeney cut-out switech in an accessible location
outside of the building, arranged so that all trolley wires in the
building may be cut at one point, shall be provided. Line insula-
tors shall be installed so that when the emergeney 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 car houses not used as
operating stations, the eurrent shall be eut 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 eontrolled by an emergency cut-
out switeh, as deseribed above. Yards in eonjunction 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 eut-out switches shall be arranged to control
each section independently and may be loeated inside of building
near track entrance. :

(¢) Lighining Arrvesters. Approved lightning arresters shall
he installed to adequately protect all-overhead trolley wires in car
houses and ear storage yards inside of the line insulators (break-
ars).

(d) Current Collectors to Be Disconnected. Current collectors
shall be removed from contact with trolley wires when ecars 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 conduetor having a earrying capacity at least equivalent
to No. 0-A. W. G. annealed copper wirve, and all rails shall be
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conneeted to the outside ground return ecirenit by not less than
No. 0-A. W. G. copper wire, or by equivalent bonding through
the track,

(f) Third Rails. ’

(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 sueh a way that one main
switeh eontrols the whole of such installation, lighting and power,
independently of cut-out switeh ealled for in (b) above.

(h) Wiring of Apparatus.

(1) All wiring and apparatus shall be installed in accordance
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 ¢ircuit, the
following special rules shall apply :

I. Voltage for light, heat, or power shall not exceed T50 volts,

I1. Approved cut-outs and switches shall be placed in the non-
grounded side of light and motor eircuits they are to protect. Light
circuits shall not have more than 2000 watts, depending upon 2 single
cut-out.

III. Drops to lights shall be flexible rubber-covered wire or packing-
house eable.

IV. In series systems sockets shall be of the weatherproof or porce-
lain keyless type and of a voltage rating for the eurrent nsed.

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-condueting material, If wooden cabinets are used,
they shall be lined with % inch fire-resisting insulating material and
painted with a non-conduecting paint.

VII. All portable testing, lighting and power devices and all pendant
cords and portable conductors shall be constructed to withstand hard
usage.

VIIL. Controlling devices and apparatus for feeder distribution Sys-

tems for outside distribution shall be installed-in a fire-resisting room
or compartment.

BELECIRICAL CODE—ORDER 1346 2056

Order 1346. Use of Portables and Pendants. (See also Or-
ders 1341—g and h and 1360—a.)

~ (a) Show Windows. DPortable cords shall not be used in show
windows or in show eases, 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. Portable and pendant conduetors, except
in eleetric railway property, shall not be used where the voltage
between wires is over 300 volts. -

Exception: Portable eords for portable or movable motors for grind-
ing and other uses, operating between 800 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 344 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 located 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 lichting system.

(6) 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,

(e) 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
elusters), portable equipment and chain fixtures.

(2) Tlexible cord shall not be hung on or fastened with or
ecome in eontact with nails, staples, hooks, pipes, machinery or
other metal supports.

(3) Flexible cords for pendants in dry places, where not sub-
Jeet to hard usage, may be cotton or silk covered twisted or par-
allel lamp cord, but where subject to hard usage shall be rein-
foreed, armoréd or other similar heavy duty eord.

(4) Flexible cords for pendants in damp places shall be brew-
ery, canvasite or other similar heavy duty water-proofed cords. '

(d) Cord f_l‘if_?‘- Portable Equipment. (For Garages see Order
1382.) ;

(1) I‘lemble cords for portable equipment in dry plaees shall
meet the requirements of order (e-3) above.
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(2) Flexible cords for sueh equipment in damp places shall
be reinforeed weather-proof, packing house, armored reinforeed
weather-proof or other similar heavy duty water-proofed cords.

(3) 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 contrel shall be
speeial elevator eable, approved for this serviee.

(e) Strain at Comnections. Portable and pendant conductors
shall be so installed that no strain can be placed on the terminal
connections and shall have no joints except at snitable fittings.

(£) Use of Fized Receptacles for Portables. Where portable
conduetors are required, fixed sockets or receptacles shall be pro-
vided at safely accessible points with the more exposed condueting
parf attached, where practicable, to the grounded side of the cir-
cuit, and so located that liability of such conduetors being brought
into dangerous proximity with other live parts will be redueed as
far as practicable. (See also Order 1111—h-2, Section 111 of
Part I, and Order 1360—d-10.)

(g) Conneclors for Portable Cords. Conneetors which discon-
neet all poles from the live source of energy by a single operation
shall be used.

(h) Guarding Live Parts of Connectors. 5

(1) Conneetors shall be so eonstructed (with guards when nec-
essary ) that the person using them cannot inadvertently come in
contact with live parts, or be burned by arcing, when interrupting
the cireuit.

(2) The ends of a separable connector which are left alive
shall have live parts suitably guarded. :

(i) Conmectors in Hazardous Locations, Where conneetors
are exposed to inflammable gas or flyings they shall be so arranged
as not to he exposed to accidental opening by persons handling
portable eonduetors or deviees.

(3) Design for Separable Connectors. Separable connectors
shall be so designed that the plugs will not fit receptacles rated for
larger eurrents than the plugs, and shall be of the polarity tva

(k) Protection of Cord at Sechets.

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 % inch in
diameter be employed with plain pendant cord and holes 3% inch in
diameter with reinforced cord.

(1) Protection of Cord at Outlet Bozes. Where passing
through covers of ouflet boxes, flexible cords 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 be used.

{(m) Portable Electric Hand Lamps. Portable electrie hand
lamps shall be equipped with a keyless socket of non-ecombustible,
non-absorbent insulating material, large handle of non-absorbent
insulating material (such as impregnated wood), basket guard,
reflector and proper eord. (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 Ave Required.

(1) Suitable switches shall be installed in all cireunits 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 eguipment intended
to operate as a unit, as, for instance, a motor and its starting device,
may be contrelled by one switeh.

(2) An automatic circuit-breaker complying with Order 1351—£-3
may serve as a switch for motors if it disconnects all ungrounded wires
of the cireuit.

(3) Utilization equipment may be disconnected by plug connectors,
arrvanged ag 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) Switehes shall be so placed in motor cirenits that each
motor and its starting deviee may be diseonnected 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 niotor 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 is locked and accessible only to qualified persons.

(3) Switehes 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—d.)

- (2) If the installation comprises only one panel board, the service
switech may serve as the disconnecting switeh for the panel board.

Note: Two panel boards placed adjacent to each other will be con-
sidered the same ag 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) Switehes shall be provided as neeessary to make possible
the diseconnection 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 1824, subdivisions
a-1, a-2, a-3 above and subdivisions d-1 and d-2 of Order 1851, provide
in general a satisfactory arrangement to meet this requirement.

(5) Switches or plug connectors shall be installed to permit
the disconnection of temporary wiring or portable eonductors
from permanent or fixed wiring.

(b) Switches to Be Readily Accessible.

(1) All switehes shall be readily and safely accessible and shall
be installed in such a manner as to minimize the danger of aceci-
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 switches for heaters and
furnaces shall be within sight of the equipment such device con-
trols. (Seei below.) : -
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Note: General Safety Order 3 vequires all machines, not individually
motor driven, to be equipped with a loose pulley or a cluteh 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 workmg
position. Although individually motor-driven machines are exempted
from this requirement, it ig strongly recommended that the starting
and stopping deviee of new or reconstructed electrically driven ma-
chinery be located in accordance with Order 3, so that in the event it
later becomes necesgary to include such equipment under Order 3, it
will not be necessary to make changes for this reason.

(e) Switches o Be Indicating. When eontrolling cirenite of
capacities greater than 15 amperes, switehes shall be so located or
marked as to indicate their funection, the location and character
of equipment controlled by them and whether they are open or
closed. - _

(d) Number of Conductors to Be Disconnected. (See also
Orders 1324 and 1365—d. )

(1) Switches required by (a) above shall open all ungrounded
conductors of cirenits 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 switches,
which shall be classed as single pole switches, shall be placed in
the ungrounded conductors,

Note: This order forbids the so-called “Ii}re-line” wiring scheme for -
three-way switches. ! i

(e) Switches to Be Capable of Opening Under Load.

(1) Switches shall preferably be ecapable of breaking 150 per
cent of the full load current of the econnected apparatus at the
rated voltage. £

(2) If switches are not eapable of breaking 150 per cent of the
full load eurrent 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 Switehes.

(1) Where a switeh 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 devices in eircuit.

14
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(2) When the disconnecting switch required by (a-2) above is
aecessible to other than qualified persons, the motor starter, in-
cluding switches used as starters, shall be equipped with under
or low-voltage protection, in aceordance with Order 1857—f.

Exception: Motors of one-fourth horse power or less need not have
their starters so equipped.

(g) Switehes 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, including service entrance switehes. ghall
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,
scaled or made inaccessible, to other than gualified persons, by
other suitable methods.

Exception: Switehes on switchboards 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
lecked 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 disconnecting 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 capaeity snap or push switches, and push
buttons of remote contrel 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 comprises
only one motor, and the switc¢h is in plain sight from all parts of the
machines operated by the motor.

(3) Open switches in rooms made inaceessible to other than quali-
fied persons may be arranged to be blocked in the open position and
plainly tagged. (See Order 1301.)

(i) Disconnecters. Disconnecters shall be accessible only tfo
properly qualified persons. They shall also be protected by signs
warning against opening the disconnectors while earrying cur-
rent. J i

(k) Switch Blades {0 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 quick 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 specified 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 device so constructed as to insure
the blades remaining in the open position when so set.

Note: Up to 250 veolts and thirty amperes, indicating snap or push
switches are recommended in preference to knife switches on lighting
cirenits. (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 construeted of iron or steel, in addition to the
porcelain enclosure of the switeh or receptacle.

(o) Support of Surfuce Snap Switehes in Concealed Wiring.
Switches shall be supported at outlets by approved fittings or
outlet boxes giving proper support or by 3x7 ineh block fastened
between studs. When this eannot be done, base blocks not less
than 34 inch in thickness seeurely serewed to the lathing shall be
provided. :

(p) Sub-bases for Snap Switehes in Open Wiring. Sub-bases
of mon-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 switehes 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) Time Switches. Time switches, sign flaghers and similar
appliances shall be of approved design and mnelosed in approved
cabinets, except sign flashers on or within the body of strueture

of the sign, in which case they shall be in separate, completely in- .
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closed, accessible weather-proof boxes or eabinets 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 eranes not covered in this section, see Order 1358.

2. Outline Lighting and Signs. Switeh installations for out-
line lighting and signs shall eonform to the requirements of Or-
ders 1365—d and 1866—a, in addition.

3. ‘Service Entrance Switches. Tor additional requirements
see Orders 1324 and 1325,

Order 1351. General Requirements for Fuses and Circuit.
Breakers, (See also Order 1852.)

(a) Where Fuses and Ciréuit-Breakers Are Required.

(1) Fuses or circuit-breakers shall be provided in all eircuits
to proteet all ungrounded conductors. A

(2) Two-wire branch eireuits shall be protected by a fuse or
eireuit-breaker in each conductor.

Exception: On systems having a grounded neutral or having one
side grounded and where the grounded eonductor is identified with a
continuous white or natural gray outer covering and is properly con-
neeted in aceordance with Order 1340—a, the fuse in the grounded
identified conductor of branch cireuits 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: In large industrial buildings, where mains are run at
considerable elevations and in which the fuses or circuit-breakers
therefore may not be readily accessible, as redquired by (h) below,
when placed in accordance with this order, the fuses or cireuit-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 shall 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.

(8) The smaller conductors, between the point where they tap the
mains 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 between these points.

(4) KEach motor shall be protected by an automatie overload
protective device (fuses, thermal cut-outs, overload relays or cir-
cuit-hreaker), except as provided in the exception to Order
1358—e-3. If fuses are used, one fuse shall be provided in each
ungrounded econductor. If eircuit-breakers or overload relays
are used the number of trip coils shall not be less than required
by (£) below. (See also Order 1352—b-6.) :

Exception: If an A. C. starter when in running position opens all
the ungrounded wires of the cireuit automatically under overload and
is equipped with the number of trip coils called for in (f) below, it
may also serve as a cireuit-breaker. _

(5) Kach motor shall be protected by running fuses, thermal
cut-outs, relays or circuit-breaker in accordance with the follow-
ing :

I. If fuses or thermal cut-outs are used, their rated eapacity
shall not exceed 125 per cent of the name plate current rating
of the motor, except that when no fuses or thermal eut-outs of
the required capaeity exist, those of the next higher standard
rating may be used.

IL. If a cireuit-breaker iz used, it shall have a econtinucus
current-carrying capacity of at least 110 per eent of the name
plate eurrent rating of the motor.

III. If an overload relay is used, its rated capacity shall not
be exceeded when the motor it protects is carrying 110 per eent
of its continuous eurrent eapacity 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 eontinuons type, a setting of not over 160 per cent, of the
name plate eurrent 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 eircuit-breakers used to protect the
conductors of the motor circuits, (See also Order 1841—c.)

(2) Continuous rated motors of two horse power or less shall be
considered sufficiently protected by the fuses or cireuit-brealkers pro-
tecting the conductors of the motor cirenits. (See also Order 1341—c.)

Note: To comply with the above order in the case of a squirrel
cage or gimilar type motor having a large starting current, it will be
necessary to use a motor starter or switeh so designed that the pro-
teetive device will be shunted. ov ‘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 circuit 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,
Section 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 inerease the ca-
paeity 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) AIll cartridge fuses and plug fuses larger than 15 amperes
capacity shall always be so arranged that they may be diseon-
neeted from the supply cireuit by properly placed switches. An
individual switch shall be installed in each branch eireunit of this
or larger capaeity.

Exception. Service entrance fuses may be placed on the supply side
of the service switeh 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 disconnected from the supply eirenit
in groups, if they are not arranged to be disconnected by indi-
vidual switches. ,

(8) 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 eireuit-
breakers shall be 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 vieinity are liable
to be injured by being struck by them and hence should be guarded ox
isolated.

(f) Interiocking Circwit-Breakers,

(1) Automatie overload cirveuit-hreakers 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 circuits and two-phase
four-wire civeuits there shall be an overload trip-coil in each of
two phases and in four-wire three-phase civeuits there shall be a
trip-eoil in each phase.

(3) If a cirenit breaker is used in place of a switeh as per-
mitted by Order 1350—a, Bxception 2, it shall be so arranged
that no ome pole can be opened manually without diseonnecting
all the ungrounded eonduetors.

(g) Fuses and Circwit-Breakers tn Neuwtral Wires, Ground
Wires and Fiztwre Canopies.

(1) Permanently grounded -conductors, including serviee
wires (see also Order 1324, shall be arranged without fuses and
cireuit-breakers interrupting their continnity, unless the device
nsed opens all conduetors of the eirenit with one operation. (See
also Order 1350—d and exeeptions.)

Exception: Two-wire and three-wire branch eireunits, in which the
conditions of the exception to (a-2) above are not met, shall have
fuses in all branches.

(2) Antomatic cut-outs shall not be placed in fixture canopies.

(h) Access*i!ﬂ!fify Fuses and Cirewit-Breakers. All fuses and
cireuit-hreakers shall be readily and safely aceessible.

Order 1352. Capacity of Fuses and Circuit-Breakers.

(a) Determining Size of Fuses and Circwit-Breakers. The
rated capacity of fuses shall not exceed the allowable carrying

capaeity of the wires they proteet as given in Tables 3 and 3-A

of Order 1341—a. Cireuit-breakers shall not be set more than 30
per cent ahove allowable carrying capacity of the wires protected.
(For exception to this order see a-b above and Order 1341—c.)
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(b) Fuses for Branch Circuits.

(1) Branch cireuits in general, except as given in (3), (5) and
(6) below, shall be protected by fuses of no greater rated ca-
pacity than—

15 amperes at 125 volts or less
10 amperes cecat 126 volts to 260 wvolts

Exeception: 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 eireuit and on either side of a
three-wire branch cireuit the number of outlets ( see Definition 3,
Order 1020) shall not exceed twelve, :

Note: It is recommended that installations be designed so that
lighting branch circuits are not loaded in excess of 1200 watts initially,
in order to provide reserve capacity for future additions.

(3) Branch circuits 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

A amppees .t el e L s at 125 volts or less
LT Y0 8 e e e o TN L1 at 126 to 250 wvolts

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 branch cireuit and on either side of a three-wire branch eir-
enit shall not exceed eight.

() Each heating appliance 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, ete., under the protection of a single
sel of fuses, on branch cireuits 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 circuit protected by fuses hawng
a rated capacity not greater than 15 amperes.

(8) Subdivided circuits of a heater need not he separately fused,

(6) Each motor shall be supplied by a separate branch cirenit
protected in aceordance with (a) above.

Exceptions: (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 cireuitz 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 eapacity of the fuses does not
exceed 15 amperes and the total wattage of the cireuit does not ex-
ceed 1200.

(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 used 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, circuit-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 con-
struetion as to secure ample strength and rigidity. (For excep-
tion see Order 1345—h-2, paragraph VI.)

(b) Wiring Spaces, GQuiters, Compartments. (1) Cut-out
boxes and cabinets which eontain deviees or apparatus connected
within the box or eabinet to the wires of more than four power
or eight lighting cireuits, including branch circuits, meter loops.
sub-feeder eireuits, power circuits from lighting panels and sim-
ilar eirenits, but not ineluding the supply cireuit 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 eabmet directly opposite their terminal
eonnections,

(2) The wiring spaces required by (1) above shall be ren-
dered tight inelosures 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 enelosed
wires shall not be exposed when the doors of such cabinets or cut-
out boxes are open,

(e) Spacings Within Cut-out Bozes and Cabinets. The spac-
ing within eut-out boxes and eabinets shall be sufficient to pro-
vide ample room for the distribution of wires and eables placed
in them, and for a separation between metal parts of boxes and
cabinets and current-carrying pavts 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 box or eabinet on which the deviee is mounted.



218 INDUSTRIAL COMMISSION OF WISCONSIN

(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. 8.
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 eabinet and the nearest exposed
ewrrent-carrying part of the devices mounted within the box or
cabinet where the potentials do not exeeed 250 volts. Thig spac-
ing shall be inereased to at least one inch where the potentials
exceed 250 volts.

(d) Depth of Cut-out Boxes wnd 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 construetion will
permit.

Order 1354, Switci;lboards and Panelboards. (See also Or-
ders 1350—m, 1383 and 1384.)

(a) Switchboards.

1. Switehboards if accessible only fo qualified persons shall
be installed as required by Orders 1120—e and 1142 of Part 1.

2. If installed where accessible to other than qualified persons,
as in workrooms of mills and factories, mereantile establish-
ments, hotels and other public buildings, they shall in addition
be guarded as rvequired by Order 1310, and insulating floors,
mats or platforms provided as required by Ovder 1120—e-2,
Section 112 of Part 1. (See also Order 1350—h.)

(b) Panelboards.

(1) Panelboards and eut-out bases for lighting distribution
centers shall be encloged in metal cabinets and the eombination

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 switehes.

When mounted on the same surface. When held free in air.
Not over 125 volts............_. S inch..__.._._...._..% inch
Not over 2560 volts... i e B THEH
Not over 600 volts........... ik TOCH
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II. Between parts of the same polarity a distance sufficient to
permit of ¢onvenience 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 eabinet in which the panelboard or
eut-out is mounted.

Order 1355. Controllers.

(a) Aeccessible and Indicating.

The requirements for accessibility and the indication of the
funetion of controllers, starting rheostats and auto-starters shall
conform to Orders 1350—h and ¢ for switehes.

(b) Contacts. Controllers and rheostats shall be so con-
structed as to make and maintain good contaet.

(e) Resistors.

(1) Resistors shall be placed on switehhoards, or at a distance
of at least one foot from eombustible materials, or separated
therefrom by slabs or panels of non-combustible, non-absorptive,
ingulating 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 countersunk at
least 4 inch below the surface at the back of the slab and the
bolt heads shall be 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.

(8) For proper mechanieal strength the slab used shonld be
made of a thickness consistent with the size and weight of the
resistor.

(d) Guarding Live Puaris of Controllers.

All manual controllers, such as starting rheostats, auto trans-
former starters and other similar devices for starting motors
shall have suitable casings or enclosures of such design ag 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 this 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. eapacity 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, Introduc-
tory Part.)

(3) Air eooled 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
exception of bell ringing and other signaling transformers, shall
be so mounted that the case is a distanee 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 ecomply to these orders in all other
respects.

(b) Auto-Transformers. Transformers in which a part of
the turns are common to both primary and secondary cireuits
shall not be used inside buildings to supply lighting eireuits if
the highest voltage involved exceeds 300 volts.

Order 1857. Motors and Generators. (Sece 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
destruetion.
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(2) When terminal bases are used, they shall be of approved
non-combustible, non-abserptive, insulating material sueh as
slate, marble or poreelain.

(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 injurions substances.

(¢) Speed-Limiting Devices. Machines of the following type
shall be provided with speed-limiting deviees unless the load and
the mechanical connection thereto ave of such a character as to
safely limit the speed or unless the machine is always under the
manual eontrol of a gualified operator.

(1) Separately excited direct-current motors,

(2) Series motors.

(3) Motor-generators and converters which ecan be driven at
excessive speed from the direct current end, as by the reversal
of current or decrease in load.

Note: The required limitation of speed may be obtained by the use
of a relay, centrifugal switch, or other cirenit-breaking device which
will eut off the supply of energy when excessive speed is attained.

(d) Weak Field. Where the speed adjustment of direct eur-
rent motors is aceomplished by varying field resistance, and the
nature of the load and the range of the field-rheostat are such as
to make a dangerons speed attainable and no speed-limit deviees
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
weakened field are not included in the above.

(e) Wiring. Where speed-limiting devices or remote-control
switches are electrieally operated, the control cirenits by which
sueh devices are actuated shall be adequately gnarded by conduit
or otherwise, against mechanieal injury.

(£) Under or Low-Voltage Protection. Where the restarting
of the motor on restoration of voltage may result in injury to
persons or apparatus, nnder or low-voltage protection, which
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will eause and maintain the interruption of power to the main
¢ireuit upon reduetion or failure of voltage, shall be supplied.
(See also Order 1350—£-2.)

Exeeption: When the motor and driven machinery are isolated and

accessible to qualified persons only, the provision of a disconnecting
switch eliminates the hazard to persons.

(g) Reverse-Phase Relays for Motors.

(1) Eleetric freight or passenger elevators, operated by poly-
phase alternating eurrent motors, shall be provided with protee-
five devieces (relays) which will prevent starting the motor it
phase rotation is in the wrong direction or if there is a failwre
in any phase.

Exception: Limit switches placed in the elevator shaftway in ac-
cordance with Ovder 471 of the elevator code will make unnecessary the
installation of reverse phase relays.

(2) Electrie 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) High Potential Systems. (See also Order 1325.)

{1) Motors or generators shall not operate at voltages in ex-
cess of 2500, except in rooms aceessible only to gqualified electrical
operators. (See Order 1301, Section 130.)

(2) Motors operating at voltages above 750 volts shall be
wired with approved multiple conductor, metal sheathed ecable
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 bonded around splices by No. 6 A. W. G. wire
and ground eclamps. '

(4) The insulation of the several econduectors 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 eonduit 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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Order 1358, Cranes.

(a) Special Requirements. In addition to complying with
the other orders of this code that apply, all wiring and electrical
equipment of eranes shall comply with the following require-
ments: (See also Seetion 131.)

(b) Wiring.

(1) Al conductors exeept bare eollector 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. .

(2) Insulation on wires between resistances and contact plates
of rheostats shall conform to Order 1340—+£.

(3) Wires subjected to severe external heat shall have slovw-
burning insulation.

(4) All wires, excepting bare wires, shall be run in conduit,
armored eable, or shall be supported by knobs or cleats which
separate them at least one ineh from the surface wired over,

Exception: In dry places where space is limited and the distance
between wires, as required by Order 1348—d-1 and h-1, eannot be oh-
tained, each wire may he 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 leasi
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 ease
shall spans exceed 40 feet. (See also Order 1340—Db.)

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 entering or leaving crane cab, are reasonably protected
against making aceidental contaet.

(7) Bridge colleetor wires shall be held at ends by strain in-
sulators and when spans of eranes execed 50 feet, insulated sup-

ports, on which the wires may loosely lie, shall be provided every
30 feet.
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(8) Bridge collector wires shall be kept at least 2!4 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
speeified in the following table for the various spans: (See also
Order 1341—e.)

Length of Span—Fest & Bize Wire Required—A. W, G,
0 to 30 6
31 to B0 4
Over 60 2

(10) Bridge eollector 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 conside;'ed
sufficient protection.

(11) Monorail runway conductors on I-beam or equivalent
structural runways shall have a minimum horizontal spacing of
214 inches between conductors and a minimum elearance of 174
inches from grounded metal parts, if a wire is used for the eon-
ductors, or 1 inch if steel bars or shapes are used.

(¢) Switches, Fuses and Circuit-Breakers.

(1) Runway trolley wires for traveling cranes or the feeder
wires for other types of cranes shall be protected by fuses or eir-
cuit-breakers and controlled by a switeh which ean be locked in
the open position. Fuses or circuit-breakers and switches shall
comply with Orders 1350—h and 1351—d and shall be so
located as to be easily acecessible from the floor.

(2) All electric cranes shall be equipped with a main line
switeh conneeted into the leads from the erane runway wires,
and so located in the cab as to be readily accessible to the opera-
tor. This switeh 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 switch 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

cirenit-breaker or overload relays controlling line contactors.
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11 fuses are used, one fuse shall be provided in each econductor.

If cireuit-breakers or overload relays are used, the number of

trip coils shall not be less than required by Qrder 1351—f.2,
Exception: Jib eranes, pillar cianes, and foor controlled hoists

having a combined motor horse power of 10 or less need not have in-
dividual motor protection.

(4) Each hoisting moter shall be cquipp_éd with a limit switeh

“s0 placed and so arranged as to diseonnect the motor, apply the

brake and stop the motor before the hook passes the highest point
of safe travel.

(d) Buffers at Travel Lumits and Between Cranes.

(1) The bridge and trolley shall be provided with substantial
and effective buffers, preferably of the air-cushion, spring or
similar type, or the curved rail with a radius larger than the
wheel shall be employed.

(2) Where two or more cranes are operating ou the same run-
way, substantial and effective buffers of the air-cushion, spring
or similar type, shall be provided.

(e) Brakes. '

(1) Each hoist motor shall be provided with a magnetie brake
so arranged that the brake will be applied when the power is eut
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 go individually.

(2) Cranes which have a eab 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 force 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.

(f) Grounding. The metallic parts of portable cranes, der-
ricks, hoists, and similar equipment on which wires, cables, chains

15
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or other condueting objeets are maintained shall be provided
with an effeetive protective ground if operated in the vieinity of
electrie wiring or equipment over 100 volts to ground, whether
the eranes or similar equipment are themselves eleetrically 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) Controllers shall be installed as required by Order 1355.

Exception: If the crane is located outdoors the insulation on wires
between vesistors 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 crane 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 loeated in
the eage, this result may be obtained by construecting the cage of
non-combustible material and providing sides which ineclose the
cage from its floor to a height of at least 6 inches above the top
of the resistors.

(8) If each controller is not arranged to return automatically
to the ““off’’ position, when the operating handle is released, each
crane 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 switech or button is operated.

(4) Manual controllers or the manually operated part of re-
mote controllers shall be provided with a deviee that will defi-
nitely indicate to the operator’s sense of feeling when the eon-
troller ig in the “‘off”’ position.

(5) All controller 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 ean readily face the direction of travel.
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SECTION 136. LIGHTING FIXTURES AND APPLIANCES,
INCLUDING SIGNS AND OUTLINE LIGHTING

Order 1360, Fixtures.

(a) Construction of Fixtures.

1. Fixtures shall be composed of metal or wood, or other
materials approved for the purpose. Materials other than metal
shall be reinforced by metal or the fixtures shall be otherwise
constructed to secure the requisite mechanieal strength.

2. In all fixtures not made entirely of metal, wireways shall
be lined with metal unless approved armored conduetors with
suitable fittings are used.

Exception: This requirement shall not apply to wireways in glasg,
marble or similar non-absorptive insulating materials.

3. All methods of fastening arms, sockets, bodies, supports
and receptacles by threading, soldering, brazing or otherwise
shall be such as to sccure in every ease ample strength and re-

lLiability and to prevent turning. Tubing used in making.

threaded arms and stems shall be eomposed of metal having a
thickness not less than .04 inch. Tt shall not be kinked, flattened
or eracked.

4. Fixtures shall be constructed so that wires may be drawn
in, remain in place, or withdrawn without i injury to the 1mulﬂ
tion of the wires,

Note: To accomplish this result all burrs and fing in wireways
should be removed and all edges which wires pass should be smooth
and rounded so as to prevent the possibility of entting or abraiding the
insulation at time wires are inserted or later through movement or
vibration of the fixture. It is suggested that openings fm the en-
trance of wires be made large.

5, Fixtures exposed to moisture, whether located indoors or
ontdoors, shall be so constructed that sater ecannot enter the
wireways, sockets or other electrieal 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° F. (49° C.) shall be so
designed or ventilated and installed as to operate at tempera-
fures which will not eause deterioration of the wiring,
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8. Canopies and outlet boxes or plates shall, taken together,
provide ample space for the rveception of wires and their eon-
necting deviees.

9. Receptacles having exposed terminals shall not be placed
in eanopies unless completely 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, 0 as to separate the canopies effectively and perma-
nently from the eondueting 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 distance 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 permanently 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 Imaterials 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 easing, insulated from both screw connections.

(b) Wiring of Fixtures. (See also Order 1346.)

1. No eonductor shall be smaller than No. 18 A. W. G. On
chains or other movable parts, stranded conductors shall be
used unless the wires are eompletely enclosed in metal. Where
the fixture is externally wired, wires shall be secured in a manner
which will not tend to eut or abrade the insulation and shall be
protected from abrasion where they pass through sheet metal
pans, canopies, 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 connections be used for attaching the fixture wires to the
cireuit wires.

2. Bach fixture shall be so wired that all serew shells or
sockets will be conneeted 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 cases be the
grounded wire. (See also Orders 1314 and 1340—a.)
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3. Chain fixtures shall be wired with flexible conductors
s0 arranged that the weight of the fixture will not put tension
on the eonductors.

4. Fixture wire, flexible cord or rubber-covered wire shall be
employed, unless the wiring is exposed to temperatures in
excess of 120 degrees I'. (49 degrees C.), 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 be so dis-
posed as to avoid exposure to high temperatures as far as prae-
ticable. Fixtures intended for use in rooms where inflammable
gases may exist shall consist of rigid stems, internally wired
with rubber covered conductors, seldered direetly to the eir-
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 conduetors or he-
fween any conductor and the ground is over 300 volts, shall have
insulation at least 3/64-inch in thickness for sizes No. 8 and
smaller. (See also Order 1346—Dh.)

(e) Imstallation of Fiztures. (See also Order 1343—m.)

1. Fixtures having exposed noncurrent-carrying metal parts,
if not permanently and effectively grounded (see also Order
1313), shall be insulated from their supports by insulating joints
plawd as close as possible to the ceiling or wall and by ecanopy in-
sulators if wall or eeiling is ecomposed of sheet metal or plaster
on metal lath.

Exeeption: Such insulating joints and canopy insulators may he
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 construction. '

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 boxes
having a depth of approximately 1% inches be used. Such boxes
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 wirved fixture shall be located in the immedi-
ate vieinity of especially inflammable material; nor shall any
externally wired fixture, other than of the chain type, be placed




230 INDUSTRIAL COMMISSION OF WISCONSIN

in a show window. Armored cord pendants shall be considered
to be internally wired fixtures. !

4, Fixtures shall be so installed that the econneetions be-
tween the fixtures and the branch eireuit wires will be easily aec-
cessible for inspection without requiring the disconnecting 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 malke 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-
cialiy 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
screws, providing such support is substantial within the meaning of
the order. Wall brackets with gpecially 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 screws, if such method provides a sub-
stantial support. Proper grounding should be provided where re-
quired by Order 1313—e.

(d) Lamp Sockets and Receptacles. (See also Order 1346—f
and k.)

1. Lamp holding devices shall be classed aceording to diam-
eters of lamp bases, as candelabra, medium and mogul bases, to
be known respectively as V4-inch, 1-inch and 114-inches nominal
sizes.

Note: (1) It is recommended that 660 watt sockets and ret_:eptacles
he used wherever the attachment of flexible cords thereto is likely.

(2) Receptacles for attachment plugs (convenience outlets) are
strongly recommended in order to facilitate 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 cireuit, 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 Lg-inch, but shall prevent any current-carrying part of the
lamp base frow heing exposed when a lamp is in the socket.
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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 praetice. 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. . (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. Sockets 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 switches
are provided, shall be located at least 7% feet above the floor, or
shall be otherwise so located or guarded that the lamps eannot
readily be backed 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 not attached to fixtures, they shall be hung
from separate stranded wires not less than No. 14 A. W. @, which
are soldered dirvectly to the eireuit wires but supported independ-
ently thereof.

Note: Basements of residences ordinarily would not come under the
clagsification of damp or wet places, but if sockets or fixtures ean be
reached from the floor or while a person ig in contact with other
grounded surfaces, they must of course be constructed of non-con-
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 eontact.

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) Roseltes,

Separable rosettes which make possible a change in polarity
shall not be used. (See Ovder 1340—a.)

(£) Inflammable Matter Attached to Fivtures.

Deeorations of paper, cotton, cloth or other c¢ombustible ma-
terials shall not be attached to wires, globes, shades, lamp bulbs
or other parts of fixtures liable to temperatures which may chaxr
or ignite such materials.

Note: Properly constructed eloth, parchment or similar shades of
portable table and floor lamps are not included in this order.

(g) Pendant Cords,

Pendant lamp cords shall hang vertically in space and neither
the cord nor the lamp shall be in contact with any other body.
(See also Order 1346—ec.)

Order 1361. Gas-Filled Incandescent Lamps.
(a) Swze of Base.
Gas-filled incandesecent lamps shall not be equipped with

medium bases above 250 watts rating, nor with mogul bases 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 contaet with inflammable material un-
less installed in approved fixtures cquipped with shades or
guards or suitably designed to operate at a safe temperature.

Order 1362. Mercury Vapor Lamps. (See also ~Order
1352-b-3.)

(a) Buclosure of Resistunces and Regulutors.

Eneclosed mercury 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 resistances or regulators ave subjeet to flyings
of lint or combustible material, all openings in their casings shall
he covered by fine wire gauze.

(b) Mercury Vapor Lamps Enclosed in Firtures, i

Fixtures carrying enclosed mereury vapor lamps shall be
wired with insulated econduetors 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) Disconnecting Device. A suitable deviee shall be pro-
vided by which each arc lamp or other device on series eireuits
may be safely and entirely diseonnected from the eirvcuit 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 cireuit concerned.

(b) Wires.

(1) Lamps when arranged to be raised and lowered, either
for carboning or other purposes, shall be eonneeted with stranded
conduetors from the last point of support te 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 current required 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 mever incased,

(4) Wires for arc and constant-current series Jamps 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. -

(8) Ineandeseent lamps in series cireuits shall have the
wires installed as required above and each lamp shall be pro-
vided with an automatic eut-out.

(¢) Resistors and Regulators,

(1) Resistors or regulators of are lamps on constant-potential
cirenits shall be inclosed by non-combustible material, and shall
be treated as sources of heat. Incandescent lamps shall not be
used as resistors.

(2) Eeconomy and compensator coils for arc 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 1% 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: OQutside 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 seeured from falling on persons or traffic
passing below, and the hanger rope, chain or other means
adopted for helding the lamps shall be regularly and syste-
matically inspeeted.

(e) Supports. All metal cable or chain supports for eon-
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 eir-
euit shall not be over 150 volts, and not more than 15 amperes
shall-be dependent on the one ent-out.

Order 13656. Outline Lighting. (Exterior.) (For size of fuses
required see Order 1352.)

(a) Wiring.

(1) For outline lighting, open wiring, eonduit or metal-
trough eonstruction may be used but raceways shall not be nsed.

(2) Wires for use in rigid or flexible steel eonduit shall com-
ply with requirements for conduit work. (See Order 1342.)

(3) Where armored eable 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 supported, on non-
eombustible, non-absorptive insulators not over 414 feet apart,
which separate the wires at least one inch 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 eircuits where wires are connected to
receptacles which hold them at least one inch frem 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 spaecing 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 and four inches for
higher voltages.

(8) Metal-troughs shall be weatherproof and other details

shall ecomply with such reguirements of Orders 1340-1346, in-

clusive, as apply, and Order 1375.

(b) Sockets and Receplacies.

(1) Sockets and receptacles shall be of the keyless weather-
proof type and wire connections shall be soldered.

(2) Miniature base devices shall not be used.

(e¢) Cabinets. ;

(1) Cut-outs, switehes, 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 eampart

ments of the sign.

(d) Switehes. Outline lighting shall be protected by switches
which diseonnect all conduetors. (See also Order 1350.)

Order 1366. 8igns. (For size of fuses required see Order
1352.) '

(a) Switches. Eleetrie signs, located as noted in (e) below
shall be provided with switches, which disconnect all feed wires
of the sign, and which shall be either located within sight of the
sign or arranged so that they can be lockecl in the open
position. _

Note: It is recommended that where the capacity of the sign ex-

ceeds 15 amperes, a switch which will diseonnect all wires be installed
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 ean be changed manually
only by connectors in which all poles of the cirenit are gimul-
taneously interrupted.

(2) All current-carrying parts of pin-and-socket connectors
shall be provided with guards, so as not to be exposed to contact.
(¢) Accessibility and Guarding. '

(1) Electrie 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, shail
be provided with substantial safely accessible runways, ladders

_ or platforms from which all replacements and other necessary ad-

Jjustments ean be made. Provision for supporting workmen by
safety belts shall he made in the construetion and maintenance
of signs so located.

(2) Eleetric signs outside buildings shall have no enrrent-
earrying parts normally exposed to contact.

(3) The exposed noncurrent-carrying metal parts of a sign
shall be grounded if within reach of any grounded surfaces, in-
cluding metal work of the building strueture,

Order 1367. Heating Devices. (See also Order 6037, General
Orders on Fire Prevention and Order 1352.)

(a) Flexible Cord.
(1) Flexible cords for smoothing and pressing irens, and

“for all heating devices requiring over 250 watts shall be of the

packing-house type in damp places, and of the electrie-heater
type (rubber and ashestos covered) in dry places,

(b) Guarding. Stationary heaters, such as radiators, ranges,
plate-warmers, ete., shall be so located as to furnish ample pro-
tection between the deviee and surrounding combustible material.

Order 1368. Electric Furnaces and Welders. (See also Order

46, General Orders on Safety, and Order 1352.)

(a) Inclosure Required. BElectric furnaces and apparatus used
for arc welding, where intensely glowing, incandescent, or arcing
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) Protective Hoods, Goggles, ete,, Required. Suitable pro-
tecting sereens, hoods, goggles, gloves, and other deviees shall
be provided for the authorized operators who must work or
come near such exposed parts.

(e) Guarding. Except at points where necessarily left ex-
posed (as at spot welder contacts) all eurrent-carrying parts
of furnaces, welders, and control equipment shall be suitably
guarded with inclosures or harrier guards.

SECTION 137. THEATERS, MOTION-PICTURE HOUSES,
PICTURE MACHINES

(Order 1810--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 eleetrical equipment of theaters shall comply with the
following special orders (1371-1379 inclusive): (See Orders
5500 and 5501 of Bnilding Code given in Appendix E.)

Order 1371. Service. (See also Seetion 132.)

(a) Independent Supply and Bramch Lines for Emergency
Lighting.

(1) Electrical emergency lights, including 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 maing, two separate and distinet serviees shall
be installed. One of these services shall be of sufficient capacity
to supply enrrent for the entire electrical equipment of the
theater, including possible additional portable load, while the
other service shall be at least of sufficient eapaeity to supply cur-
rent for all emergency lights,

(3) Where it is not practicable to obtain energy from two
separvate street mains, the feed for emergeney lights shall be
talen from a point on the street side of the main service fuses.
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(4) Where the source of energy is an isolated plant within
the same building, an auxiliary serviee of sufficient capaeity
to supply all emergeney lights from some outside source or a
suitable storage battery within the premises shall be installed.

Order 1372. Fusing and Control of Exit Lights.

Emergency lights shall not have more than one set of fuses
between them and their service 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 accessible only to authorized persons.

Order 1373. Dressing Room Lamps. g

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) Btage 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 digconnect the dimmer
completely, except that on three-wire mains with grounded
neutral the nentral 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
gualified persons.

Note: A fireproof ehamber is recommended.

Order 1375. Stage Wiring.

(a) Plug Receptacles.

_(1) Plug receptacles for are and incandescent lamps shall be
different, so that are lamps cannot be connected onto an in-
candescent lamp reeeptaele and viee versa.
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(2) Plug receptacles shall be controlled from switehboard
only. '

(38) Plug receptacles shall not be rated at less than 35
amperes for arc 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 ineandescent
lamps.

(b) Footlights, Borders and Proscenium Sidelights. {See also
Order 1352.)

(1) The lamp receptacles shall be inclosed in approved
outlet boxzes or mounted in approved footlight seetions econ-
strueted 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 be of the stage cable type (see
also Order 1346—d-3) and shall be suitably supported to pre-
vent mechanical strain at connections and abrasion to cable.
Conduit construection shall be used from switehboard to point
where cables must be flexible to permit raising and lowering of
border,

(3) For the wiring of footlights, borders and prosceninm
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. '

(5) Borders and proscenium sidelights shall be provided with
suitable guards to prevent scenery or other combustible mate-
rial coming in contact with lamps.

(e¢) Strip and Bunch Lights.

(1) Strip and bunch lights shall have lamp receptacles in-
closed in outlet boxes or mounted in inclosures 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 execessive strains from coming
on the wire connection and the conneections to the lamp recep-
tacles shall be soldered. g

(d) Scene Docks. Where lamps are installed in scene 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 devices,
effective guards shall be uged.

(£) Special Eleetrical Effects.

(1) Bracket fixtures used for lights on seenery shall be
seeurely fastened in position and have inelosed wiring. Fixture
stems shall project three inches beyond the back of scenery and
have terminal bushings.

(2) Where devices are used for producing speecial effects
such as lightning, waterfalls, etc., the apparatus shall be so
constructed and located that flames, sparks, efe., resulting from
the operation cannot come in contact with combustible material,

Order 1376. Curtain Motors and Ventilating Flues.

(a) Cwrtain Motors. Curtain motors shall be of the inclosed
type. (See also Order 1357.)

(b) Ventilating Flues.

(1) Where dampers for ventilating flues are released by an
eleetrie device, the operating eircuit shall be nermally closed.

(2) The magnet operating damper shall be wound to take
the tull 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 construetion. Tt shall be located
in a loft above the scenery and shall be installed in a suitable
iron box with tight self-closing door.

(3) Sueh dampers shall be controlled by at least two stand-
ard single pole switches mounted within iron boxes 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) Are lamps for stage effects shall each be in charge of
a eompetent operator, exeept that one operator may have charge
of two lamps when they are not more than ten feet apart, and are
50 located that he can properly watch and cave for both 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) Are 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 constructed so that neither carbons nor live parts will
be brought into contact with the metal casing during operation.

(b) Portable Plugging Bozes and Connectors. .

(1) Portable plugging boxes shall he constructed so that no
eurrent-carrying part will be exposed, and each receptacle shall
be protected by fuses mounted on slats or marble bases and
inclosed in a fire-proof eabinet equipped with self-closing doors,
The bus-bars of portable plugging hoxes 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 plugging boxes
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 eable, and shall be so
construeted that temsion on the eable will not cause serious me-
chanical strain on the connections.

(c) Hlewible Cords. TFlexible cords used from receptacles to
are lamps, bunehes 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 ent-out is fused for not over 10
amperes,

Order 1878. Picture Machine Equipment and Booths—Thea-
ter Type.

(a) Compliance With Other Orders. Wor construction of
booths, ventilation, machines, flues, see Building Code, Part VI,
Section 18. '

(b) -L_a-mps.

(1) Arc lamps shall be construected entirely of metal of a
thickness not less than No. 24 1. 8. Sheet Metal gauge, execept
where use of insulating material is necessary, and shall be eon-

.
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strueted in sueh 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. Each lamp of a machine shall have a separate
switeh located in the booth.

(e) Eqguipment.

(1) Generators, rectifiers and other equipment for transform-
ing eleetric eurrent 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 sereen, this requirement will be waived.

(2) PFuses, 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 comply with Order
1374, _ :

(2) Fuses and switches for picture machine equipment may be lo-
cated within the booth.

(f) Rheostats. Rheostats, transforming devices or any sub-
stitutes therefor shall be of types expressly designed for the pur-

- pose.

Order 1879. Picture Machine Equipment—Miniature Port-
able Type. (See also Order 5539 of Building Code.)

(a) General. All equipment ineluding all attachments, cur-
rent-controlling deviees, 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, smtches
and other similar eurrent-controlling devices shall be attached to
and form a part of the machine and shall have no live parts
exposed.
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SECTION 138. PUBLIC GARAGES
(For definition of public garage see Order 1310—b-2.)
Crder 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 ¢omply with the followmg special orders (1381-1383, in-
clusive).

Order 1381, Wiring.

(Conduit, armored eable or metal raceways are required in all
publie 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,
Junetion box, wall receptacle, ete., will be located less than four
feet from the floor.

(b) Ploor Outlets. Floor outlets shall not be used.

Order 1382. Portables. (See also Order 1346—£.)

(a) Plexible Cord. '

(1) Flexible cords for portable equipment shall eomply with
Order 1346—d-2.

(2) Flexible cords for pendant lamps shall comply with Order
1346—¢-4.,

(3) Cables for charging purposes shall comply Wlth Order
1346—a-3.

(b) Comnectors.

(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 eord. The connector shall
be kept at least four feet above the floor,

(2) Current-carrying parts of connectors shall be guarded
to prevent aceidental 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 cable.
Live parts shall be guarded from accidental contact, The fixed,
or wall conneetor shall be kept at least four feet above the floor.
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(¢) Portable Hand Lamps. Portable hand lamps shall eom-
ply with Order 1346—m.

Order 1383. Location of Equipment.

(a) Switchboard and Charging Panels. Switchboards and
charging panels, at or upon which are mounted devices whieh in
operation may eause sparking, shall be loecated in separate room
or inelosure, provided for this purpose only, unless all sueh
sparking or areing parts arve at least four feet 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.

Order 1384. Special Precautions.
(a) Location of Cutouts, Switches, ete. Cut-outs, switehes
and receptacles shall be placed at least four feet above the floor.
(b) Hateh Limit Switches, Hateh limit switehes of elevators
ghall be located at least four feet 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
arrangeinents for telephone, telegraph (except radio signaling
apparatus) district messenger and eall-bell cirenits, fire and
burglar alarms, and all similar systems whieh are hazardous
only because of their liability to become erossed with or sub-
jeeted to induced voltages from eleetrie light, heat or power cir-
cuits, 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 Bignal Equipment.

(a) Signal Wires on the Outside Walls of Buldings. Signal
wires on the exterior of buildings shall not come nearer than
four inmches to supply wires, except when in condnit, unless

3

separated therefrom by a continmous and firmly fixed non-
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conductor to maintain permanent separation. This noncon-
duefor shall be in addition to the insulation of the wires,

(b) Imsulating Joint vn Aerial Cables. Where metal sheathed
aerial eables, which are liable to contact with eleetrie 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 ecable
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 ont-
side support to the entrance to building (see (f) helow) 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 porcelain insulators, or knobs. (See
exception following 1391—f, sec also exeeption following
1391—4.) .

(d) Entrance Bushings and Drip Loops. Wires shall enter
building either through non-combustible, 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 entranee of moisture, and
fitted with an approved bushing or service head. (See exception
following 1391—f, see also exception following 1391—i.)

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 entrance of wires to building and in
a readily accessible place. The protector shall not be placed in
the immediate vieinity of inflammable materials, or where ex-
posed to inflammable gases, dust or flyings. (See also Order
1392—a-2 and exception to 1391—i.)

Exception: The protector required may be loeated 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 {0 Protectors shall be
inclosed in condunit 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—i).

Exception: When wires are carried in cables; Orders 1391, (e), (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 conductors shall conform to Order 1891—c, except that the
braid on individual conductors may be omitted.

(g) Protector Ground Wire. (See exception under Order
1391—i.) )

The ground wire of the protective device shall be run in ae-
gordance with the following requirements :

1. It shall be of copper and not smaller than No. 18 A. W. G.

2. Where exposed 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
eleetrically connected at both ends to the ground wire.

3. Tt shall have a rubber ingulation of not less than 1/32 of an
inch in thickness whieh shall be covered by a substantial braid.

4, Tt shall be run in as straight and short a line as practieable
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 connecting to extensive nunderground
water or gds 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.

9. 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 cormected by meansg of an effective ground
clamp fastened to a thoroughly ecleaned 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
a 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 hoth mechanieally
and electrically, and in such manner as to prevent corrosion
when the joint is buried in the earth,

7. Where buried plate or other metal electrode is employed,
the ground wire shall be seeurely fastened to it in such manner
as to make a veliable electrical and mechanical contaet.

8. Steam or hot-water pipes shall not be used for a protector
ground.

(1) Bequirements for Signal Protectors. The protector to be
approved shall comply 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. It 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 proteet the arresters.

4. The protector terminals shall be so marked as to indicate
clearly the “‘line,”’ “‘instrument’’ and ‘““ground’’ terminals.

Exception: Orders 1891—e¢ to i, inclusive, do not apply when the
entire cireuit is run underground from the central station to the block
in which the building is located, provided the cireuit within the block
iz #o placed as to be free from liability of accidental contact with elec-
trie light and power wires of over 250 volts.

(i) Wires Inside Busldings.

1. Wires beyond the proteetor, 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 electrie
light or power wire in the building, unless inclosed in conduit or
separated therefrom by a continuous and firmly fixed noncon-
ductor creating a permanent separation ; this nonconduetor shall
be in addition to the insulation on the wire. (See also Order
1343—3j-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. .

4. Signal wires and supply wires may run in the same shaft,
provided that one of these elasses of wires is run in non-com-
hustible tubing, or provided that when run otherwise these
two elasses of wires shall be separated from each other by at
least two inches. :

5. In no ease shall signal wires be run in the same tube ot
terminate in the same box 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. ]

(k) Transformers and Other Devices.

1. Transformers or other deviees for supplying current to
signaling system from light, heat or power ecireunits shall be
of a design which will adequately proteet the signaling system.

2. The primary wiring shall be installed in acecordance with the
rules for electric light and power inside wiring (Seetion 134)
and the secondary wiring in accordance with the orders of this
section.

Order 1392, Other Protective Requirements for Equipment
Connected to Signal Circuits Exposed to Supply Lines or
Lightning.

(a) Guarding Nownewrrenl-Carrying Parts.

1. Where telephone or other signal apparatus (not ineluded
under a-2 below) which must be handled by persons, is perma-
nently connected to overhead sigmal cireuits 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 hoth.

(IT) 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, including fuses and arresters or other means.

Exception: Portable telephones néed not be so protected.

2. Such signaling devices as fire and police alarm boxes and
telegraph test boxes, if eonnected to overhead signal cireuits ex-
posed to lightning or to supply lines over 400 volts to ground,
shall have the accessible noneurrent-earrying metal parts perma-
nently grounded wherever the character of service gives valid
objection to the use of arrvesters or transformers on the signal
cireuit. (See also b-3 below.)

Note: Police alarm signals, where connected to overhead police
alarm circuits, should be protected by arvesters operating at 500 volts
to ground, placed in the connecting leads outside the box. Fire-alarm
boxes connected to overhead eirenits, 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 eir-
cuits to which the fire-alarm cireuit is exposed up to 7500 volts.

(b) Guarding Current-Carrying Parts.

1. Telephone or other signaling devices which are perma-
nently located ontdoors or where exposed to ecorrogive fumes ox
dampness (such as may oceur in subways, cellars, basements.
laundries, stables, ete.) shall be so arranged that all ungrounded
current-carrying parts are so guarded as to be suitably protected
against breakdown of insulation under the prevailing atmos-
pherie 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 coverines
for the individual conductors. .

3. Where no protective deviee is installed (permissible only
for fire alarm or similar apparatus or for apparatus not for
public nse, where the character of the serviee precludes the
use of arrvesters and fuses) the shields of eords shall always
be of grounded metal or of special insulating material suitable
to withstand the highest supply eireuit voltage to which the
signal eireuit is exposed up to 7500 volts. (See also a-2 above.)
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(e) Protection Against Induced Voltages.

1. All telephone or other signaling equipment, which must be
handled by persons and which is connected to a line that paral-
lels a supply line in such manner that by reason of exposure to
the supply line under normal operating eonditions 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 circuit 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. > :

(II) All exposed noncurrent-carrying metal parts shall be perma-
nently grounded and all eurrent-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 1303. Wiring of Radio Signaling Apparatus.

In setting up radio signaling apparatus all wiring pertaining
thereto shall conform to the other provisions of this code that
apply for the class of work installed and to the following addi-
tional requirements: (See also Order 1300.)

Order 1394. Requirements for Radio Stations Which Receive
Only. - i

(a) Antenna.

(1} Antennae outside of buildings shall not cross over or un-
der electrie light or power wires of any cireuit of more than 250
volts nor shall it be so located that a failure of either antenna or
of the above mentioned electric light or power wires ean result
in a contact between the antenna and such eleetric 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 ae-
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 eorrode 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.

(3) Lead-in wires on the outside of buildings 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 noneon-

- ductor 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 switeh should not have a slate base.

(d) Disconmecting Switch.

A switeh for disconneeting the receiving apparatus from the
antenna shall be provided. ’

Note: This should preferably be a double pole switeh which will
disconnect the apparatus from hoth the antenna and eround connection,

(e) Protective Ground Wire.

(1) The ground wire shall be of copper or copper-elad steel,
If of copper the ground wire shall be not smaller than No. 14
A. W. G. and if of copper-clad 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 he used for
grounding protective devices.
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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, ete.

(2) The ground wire may be bare or insulated.

(2) The ground wire shall be protected against mechanieal
injury.

(3) An effective ground eclamp shall be used wherever the
ground wire is conneeted to pipes or piping.

(f) Wares Inside Buildings.

Wires inside buildings shall be seeurely fastened in a work-
manlike manner and shall not come nearer than two inches to
any eleetrie light or power wire unless separated therefrom by
some continuous and firmly fixed noneonduetor making a perma-
nent separation. This nonconduetor shall be in addition to any
regular insnlation on the wire,

Note: Poreelain tubing or approved flexible tubing may be used for
encasing wires to comply with this rule.

(g) Receiving Equipment Ground Wire.

(1) The grormd-conductm'- 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 Neo, 14
AW, 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 conduetor for the protective deviee unless it is installed
in the manner reguired 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-elad steel or

other metal which will not corrode exeessively.
(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 switeh, where attached to buildings, shall
be firmly mounted five inches elear of the surface of the build-
ing, on non-abhsorptive insulating supports such as treated wooden
ping or brackets equipped with insulators having not less than
five inch ereepage and air gap distance to inflammable or con-
ducting material.

Note: Where desired approved suspension type insulators may be
used,

(4) In pagsing the antenna or counterpoise lead-in into the
building, a tube or bushing of non-absorptive insulating material
shall be used and shall be installed so as te have a ereepage amil
air-gap distance of at least five inches to any extraneous body. If
porcelain 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 ereepage and air-gap distance is maintained.

(e) Protective Grounding Switch.

(1) A double-throw knife switch 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 eounterpoise lead-ins to the
ground eonduetor. i

Note: This switch may be located either inside or outside of the
building.

(2) The base of the switeh shall be of non-absorptive, ingulat-
ing material.

Note: Slate base switches should not be used.

(8) This switeh shall be so mounted that its current-carrying
parts will be at least five inches clear of the building wall or other
conduetors and located as nearly as possible in a direet line be-
tween the lead-in conductors and the point where ground con-
nection is made,

(d) Protective Ground Wire.

(1) Antenna and eounterpoise 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 ease smaller than No. 14 A. W. G. copper or copper-clad
steel.

(2) The ground conductor from grounding switch to ground
connection shall be seeurely supported and run to the same type




2b4 INDUSTRIAL COMMISSION OF WISCONSIN

of ground connection and in the same manner as reguired by
Order 1394—e. .

Note: Ground conductor need not be insulated nor mounted on
insulating supports.

(e) Operating Ground Wire.

(1) The radio operating groﬁnd conduetor shall be of eopper
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. (. copper wire).

(2) The radio operating ground conduector shall be firmly se-
cured in place throughont its length and protected and supported
in the same manner as required for lead-in conductors by Order
1894—h.

(£) Operating Ground.

(1) The operating ground conductor shall be connected to a
permanent and effective ground.

(2) This ground and ground connection shall econform 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 condnit, armored
eable or metal raceways.

(2) 1f lead covered wire is uséd 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 kiclk-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 mierofarad ea-
pacity and eapable 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 vaecuum tube type protectors in series across the line with
the mid-point grounded.

3, Non-inductively wound resistors connected aeross the line with
mid-point grounded. :

4, Electrolytic lightning arresters such as the aluminum cell type.
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(2) In no case shall the ground wire of surge and kick-back
proteetive deviees 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 deviees em-
ployed shall be of types suitable for radio operation,

APPENDICES OF PART 3

v

Appendiz C. Determining Required Size of Conduit,

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 eonduit:

For a proper installation the combined cross sectional area of
the conduetors in a conduit may not exceed 40 per cent of the
inside cross sectional area of the eonduit. From Table 1 the
area of any size wire may be obtained, and from Table 2 the area

of any size conduit.

Ezample: 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 x .049) = .174 square inches.

From Table 2 it will be found that 40 per cent of the area of a
one-half inch conduit ig .122 square inches and henee would be too
small. Tt would then be necessary to use a three-guarter inch
eonduit, although it is somewhat larger than absolutely necessary,

TABLE 1—WIRES IN CONDUIT, DIMENSIONS OF RUBBER-
COVERED WIRE

Wire Area Wire Ares Wire Area

14 J031 225,000 C, M. i 1,000, 000 C, M. 1.74

12 .38 250.000 C. M. .68 1,100, 000 . M. 2.04

10 040 300000 C. M. 69 1,200,000 C. M. 2.16

8 .06 250,000 C. M. T 1,250,000 C. M. 2,23

i1 .13 400.000 €. M. L83 1,300,000 C. M. 2.27

b 15 450.000 C. M, .42 1,400.004 C, M. 2.40

4 A7 500, 000 C, M. 9 1,500,000 C. M. 2.52

3 19 550,000 C. M. 1.11 1,600,000 C. M. 2.68

2 .21 600. 000 C. M. 1.18 1,700.000 C., M. 2.78

1 .27 50,000 C. M. 1.27 1,750,000 C, M. 2.85

{1 a1 700.000 C. M. 1.33 1,800,000 C. M. 2.89

00 .86 T50.000 C. M, 1,39 1,900,000 C. M., 3,05

000 42 800,000 C, M. 1.45 2,000,000 C. M. 314
0000 .49 850.000 C. M. 1.54
900,000 C. M. 1.80
050,000 C. M. 1.68
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TABLE 2—DIMENSIONS TN CONDUIT

Conduit Area 0% of Area Conduit Ares 40% of Aven

14 306 123 3 7.34 2.93
4 516 205 alg 9.94 3.97

1 848 ] 4 12.7 .08
134 1.49 .50B 414 15.9 6.46
144 2.08 L8132 5 18.4 7.06

2 3.82 1.328 i 2|8 11.52
234 4.75 (8]

Appendiz D. Moater Wiring Tables.

1. Aliernating Current Motors.

To assist those responsible for the seleetion of the proper sizes
of wires and the proper sizes of fuses or cireuit breakers for pro-
teeting the wires to a single alternating-current motor, operating
nnder normal conditions, wiring tables are given herewith.

The tables™ are based on the following assumptlions as to size
of fuse required to withstand the starting eurrent without blow-
ing:

Times Full Load

Type of Motor Current at
Starting
Single-phase, repulsion-induetion; without theostab.’ .. . ooooos i o 3.00
Sing]p-mse, repulsion-induction; with rheostat. . .. ey 2.00
Bingle-phase, split-phase (thrown divestly across line) 3.00
Foly-phase, slip-ring wound rolor. .. oovvve e i - 1.25
Poly-phase, squirrel-cage (with spproved auto-starter) . 7 2.00-2.5
Poly-phase, squirrel-cage (thrown directly aerogs line). .. ... 3.00

The eurrent values used in these tables are the average eurrent
values of motors of different types, all frequencies and standard
speeds, Thevefore, 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,
mtahlea {1-5, ineclusive), wers prepared by the Committes on

Installation and Operation of Inductlon Motors of the Western Associ-
dtion of Eleectrical Inspectors,
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TABLE 1—SINGLE-PHASE (SPLIT-PHASE TYPE) INDUCTION MOTORS i

Bize of Wire o¢
abla

Running Fuge = *#Rubber, Var-

H. P Tull Toad Btarting Fuse Amperes nished Cloth or
Ampieres Amperes Other Insulation

110 V. 220V, 1o v. 220 V. 11ov. 220V 110 V. 220 Y,
A BET 2.4 20 10 10 5 12 1
*] 14 ¥ 4l 20 20 10 8 12
*2 24 12 i i1 30 15 G 8
*3 a4 17 180 50 45 20 8 B
*5 53 2 160 &0 66 a5 (i} &
*134 B4 42 250 125 100 A0 000 2
=10 108 it 435 140 185 70 0000 2

*Motor thrown directly across line; no
**Varnished cloth insulated wires smaller than No. 6 may not be used.

TABLE 2—SINGLE-PHASE (REPULSION
INDUCTION MOTORS

resistance starter used.

-INDUCTION TYPE)

Full Load
Amperes

Starting Fuse
Amperes

Size of Wire or Cable
*ubber, Varnished

110 V. | 220 V.)440 V.|

110 V, |220 V./440 V.

10 10
20 10
33 20
50 25
&0 40
90 50
100 5
140 75
200 | 100
240 | 120
a00 | 150
400
470 | 240

Running Fuse
Amperes

110 V.|220 V.|440 V.
10 b

10 b

15 10

20 10

35 20

il 25

85 35

G0 a0

125 [

150 5

180 ]

260 | 126

290 150

Cloth or ather
Insulation

110 V. | 220 V. |440 V.,
12 14 14
8 12 14
] 8 14
3 8 12
1 i 8
i} 4 8
] 3 (i1
200, 000 B 5
360,000 0 3
; = 000 2
.|200,000 1
g (300, 000 0
aewe e | 408, 000 000

*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 §

TWO-PHASE (4-WIRE), 2,200-VOLT INDUCTION MOTORS

Bize of Wire or
Bize of Bize of Cable Rubber or
H, P, Full Starting Pro- Running Fro- Varnished Cloth
Load Amps. tection Ampa, tection Amps. Insulation®
1.38 & 3 14
2.08 10 a 14
2.6 10 & 14
3.8 10 ] 14
5.2 15 10 14
6.2 20 10 14
8.65 25 15 12
9.8 25 13 12
12.1 30 15 10
17.3 B 20 8
22.8 80 30 ]
33.2 65 40 ]
43 5 85 45 4
54 110 G5 2
b4 130 50 1

THREE-PHARE (3-WIRE), 2,200-VOLT INDUCTION MOTORS

Bize of Wire or

Bize of Bize of Cable Rubber or

HT Full Btarting Pro- Rumlimil’rd- Varnished Cloth

Load Amps. tection  Amps. teetion Amps, Insulation®

1.4 5 3 14
2.4 10 5 14
3 10 b 14
4.8 10 & 14
5.1 15 10 14
6.4 15 10 14
.4 25 15 12
14 35 20 8
20 5 25 8
25.8 65 0 ]
38.9 75 50 5
&2 100 B 3
72.5 150 90 1
6.6 200 120 0
121 250 1560 000
145 300 175 200, 000
182 260 285 300, 0o0

*Varnished cloth insulated wires smaller than No. § 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 earry 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 eurrent-carrying ecapacity of conductors,
as given in the code, can be safely inereased. The current-carry-
ing capacities which have been found safe for different periods
of time are given in the aceompanying 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 current to per-
mit the conductors to cool down to the ambient temperature.

TABLE $—CURRENT-CARRYING CAPACITY OF CONDUCTORS FOR
INTERMITTENT SERVICE

’ Coda Carryng Capueity, Amp., for 38
Hize Conduit gIJeg. Tahr, Rise
AW, G for Three Carrying Actual
Conductors | Capagity, | | Temp. Rise, | Indefi- Short Time in Minutes
In. Amp. Deg. Fuhr, nite
Time 30 15 10 5

14 17 10 22 24 30
% 28 24 26 29 345
L% 27 30 35 ) 40
1 36 43 a0 0 it}
i 52 Lili} (] 80 103
............. bilid 69 53 100 125
lﬁ 4 T o7 110 140
1% B2 3 113 135 1A
1ia 90 106 130 153 183
114 6 126 154 150 235
g uo | v | | 2w 275
2 130 174 220 260 340
2 150 213 270 320 420
............ 175 247 310 4 480
215 180 254 325 395 15
............ 205 297 375 453 H8%
3 238 345 433 5340 600
............ 265 395 S0 G035 T80
3 200 440 555 G0 850
3 345 524 L] 801 1,080
............ ] 610 Tat 41 1,225
............. 450 450 &30 1,023 1,400
4 450 T4 870 | 1,080 1,450
............. 465 T45 a0 1,120 1,525
............ 445 810 #73 1.210 1,665
4lg 525 870 | 1,040 [ 1,285 1,800

* By Vietor H, Tousley.
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There appears to be no fixed ratio that may apply to current
values in stator and rotor cireuits of the wound rotor slip-ring
type of motor, but the current values in both the stator and rotor
cireuits are now indicated on the name plate of the motor, In
selecting wire sizes for leads between resistance grids and slip-
rings be guided by the current value of the rotor circuit, and the
safe earrying capacity of Tables 8 and 3-A, Order 1341-—a-1, Sec-

_tion 134, Part 3 of Code.

2. Direct Current Motors.

Although the caleulations for wire sizes for direct-current mo-
tors are more readily and more quickly made on the job, a sim-
ilar table of wire sizes to supply a single dirvect-eurrent motor is
very convenient and is here given:

TABLE T*—DIRBCT-CURRENT MOTORS

Full Toad Fase Capacity Bize of Wire or Cabla
Running Current Amperes See Note
H.P
1OV, | 220V. | 550V, | 110V, | 220%, | 560V, | 10V 220V, 550V

4.5 2.3 1 10 5 ] 14 14 14
9 4.5 1.5 10 10 5 14 14 14
17 8.5 3.5 25 15 i 10 14 14
24 5 12.5 5 a5 it} 10 8 12 14
40 20 50 25 15 ] 0 14
&Y 20 11,5 70 35 15 4 8 14
78 34 15.5 100 50 0 1 6 12
96 48 20 125 0 25 0 4 10
116 B8 2 1) 70 30 0 4 8
b6 78 a1 200 an 200,000 2 8
192 86 58 225 125 B0 0 kil
30 115 46 275 150 | 300,000 00 4
267 133 53 425 175 70 | 400,000 060 4
3 152 81 4 200 &0 | 500,000 | 200,000 3
378 185 T8 450 225 90 | 600,000 000 2
748 I7d 160 900 450 200 11,700,000 | 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
mains or branches supplying a group of motors is given in the
following table:

*Prepared by Wisconsin Inspection Bureau.
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TABLE 8*

Direct-Current Molors Three Phass A. C.

Maximuimn Permissible Motors Maximum

SIZE OF WIRE HP. Permissible H, P.

}i. Wr G<

110V, 200 V. 220 Y. 440 V.

14, . 2 4 i 12

12, 2.7 5.3 B 16

10. 3.3 6.7 10 20

B, +.7 9.3 14 27

[ e e e e R B T 6.7 13.3 20 it

(T e R IOE Y T S 9 16.0 27 85

B e N A e TR 11 21 31 64

B ot s e S B R s 2 24 a5 T

L e S e i e e 13 27 30 T8

AR A S el o R s ST A N 17 a3 49 a7

|1t P i ar ] dufecimr e, ol MR 20 40 89 117

BN S e B v e 23 47 08 137

i e S s s e L ) 30 {ii1] 88 176

U TR R AR Rt s S e a3 67 o7 195
300,000 e 37 73 108 21
=R U R T e 40 a0 117 234
OB Gl e B e 43 87 127 254
1T B el e e 53 105 156 312
[ o i S i} 120 176 ah2
OO IR « ot e i ivg 133 196 360
B0 et TS 73 147 215 430
Rl S RN sl N I 80 160 234 408,

p A0 B R R e R a7 173 254 608
1B L B LT A ) e {2 184 289 539
1,200,000 e a7 195 283 B70
1,500,000 ¢ 103 205 a0t 402
1,400,000 e 108 216 316 £33
1,500, G 113 227 334 Gl
1,600,000 e 119 287 348 b5
1,700,000 ¢ 124 248 abd 727
T, 800,000 ¢. 159 258 by 757
1,900,000 e 135 269 BHE 789
2000 D00EIMY i b i i g S A TS 140 1280 410 520

*Prepared by Department of Gas and Electricity of the City of Chicago.
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Appendiz E. Exlracts From Building Code
PART III—GENERAL REQUIREMENTS.
SecroNy 10—LicoTs.

Order 5224. Oil lamps shall not be used when gas or elec-
trieity ig available, except in private apartments.

(Gag 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 mietal shield with
at least 2 inches of air space above. Swinging brackets shall be
provided with a guard or stop so that the light cannof come
nearer to the partition or wall than one foot. In aisles and pub-
lie passageways, every such light shall be protected by an incom-
bustible guard unless the lLight is at least 6 feet above the floor.

Note: Especial eare 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 eurtains
are used.

Every gas supply main shall have a service cock outside of the
building, so placed and maintained that it ean be shut off at any
time without entering the building.

See also Orders 5410, 5529—31, 5T715.

Note: Most large cities now require a speecially, 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.

Suerion 11—Ereerrican WoORK.

Order 5225. All electrical work shall conform to the Wis-
consin State Electrical 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 huilding ig oceupied, wherever and whenever
adequate natural light is not available, so that all parts of the
room are easily visible.
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PART V—FACTORIES, OFFICE AND MERCANTILE BUILDINGS.

SecrioN 5—LicHTING.

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.

Al] 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.

-

SrcTIoN 8—FIRE ALARM.

Order 5413. An approved fire alarm system shall be pro-
vided in every faetory 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 except
fireproof buildings whose contents are practically incombustible.

PART VI-THEATERS AND ASSEMBLY HALLS.

SEcTION 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 elassification includes
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 connection with a sehool,
club, chureh, or society building, and used only for private gath-
erings, and not rented for public use. 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 eases a fireproof booth
must be provided aceording to Orders 5538-5546.
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Occasional private theatrical or operatic 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.

Occasional motion pieture 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 sitnated 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 proteeted as in Orders 5519-5526,
5533, 5534, 5538-5546. No place of asbemblage shall be located
over any such assembly hall.

SzeroNy 10—STAGE.

Order 5524. Footlight Trough. The footlight trough shall
be made of inecombustible material.

Sporion 14—LieHTs.

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 eleetricity is not avail-
able. Gas fire used for heating water, ete., shall be enclosed in
iron jackets.

Note: Tor theaters where outside electric current is not available, a
private electric plant is strongly recommended.

Order 5530. Exit Lights: Theaters. Exit lights shall be

provided over all exits (both usual and emergency) 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 speeial require-
ments for theaters in the Wisconsin State Electrical 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 eandles or oil lights are used, the management must,
of course, be particularly carveful to see that the lights are properly
maintained and lighted before every performance.

Every light over an exit (both usual and emergeney) shall be
provided with a red illuminated sign bearing the words “Cexit!)’
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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 publie parts of the theater (except the auditorium), and
all exit lights, shall remain lighted throughout 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 throughout
every performance or entertainment, shall be lighted the same
as requived for theaters. (Order 5530.)

In all other assembly halls, all stairways, passageways, and
exit doors shall be properly lighted and shall remain lighted
throughout every performanece or entertainment and until the
audience has left the buﬂdmg Emergency exit doors shall be
marked with red lights as in Order 5132.

Smcrion 16—Fire PROTECTION.

Order 5536. Fire Alarm. Every theater which accommo-
dates more than 1,000 persons shall have a fire alarm box on the
stage.

Secriony 18—Morron Prorvre MACHINES AND BOOTHS,

Order 5543. Electric Wiring, All exposed electric wiring
in the booth shall have an approved slow burning insulation.
Bach lamp connected with a picture machine shall be provided
with a separate switeh located within the hooth.

PART VII—SCHOOL BUILDINGS, LIBRARIES AND MUSEUMS.

Seorion 12—LigHTING.

Order 5620. Artificial Lighting. Each classroom of stand-
ard size (32 feet long by 23 feet wide) shall be equipped with at
least six artificial lighting units symmetrically spaced.

Where electrie service is available at least one eireuit of 15

amperes capacity (see Wisconsin State Electrical Code) shall
be supplied to each standard elassroom.

See Orders 2181 to 2189, inclusive, of the Sehool Lighting Code
issned by the Industrial Commission. -

Suorion 14—Fire ArnsrMs,

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. Such alarm system shall be tested at
least once a week.

PART VIII—APARTMENT HOUSES, HOTELS AND PLACES OF
DETENTION.

Seerony 6—LieHTS,

Order 5715. In every building which accommodates more
than 4 families or 30 persons, and in every building which ac-
commodates transients, the public 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,

Smorion 16—FiRE ALARM.

Order 5727. In every building which aceommodates 20
or more transients, there shall be a proper alarm or gongs which
can be operated from any story and can be heard throughout the
building. Every such alarm system shall be tested at least onee
every week, '

Appendiz F. Dry Cleaning Establishments

Statutory regulation of the wiring of new dry eleani1_1g estab-
lishments is contained in Seetion 167.21, subsection 2, paragraph
(i) of the Wisconsin Statutes for 1923, which reads as follows:

“¢(i) The lighting of such cleaning and dyeing rooms shall be
secured only by keyless socket, incandescent electric lights with
globes or hulbs in vapor proof receptacles. All switches, eut-
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 cleetrical equipment must con-
form with the most advanced approved standards of the art at
the time of installation,”’
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Appendic 6. Extracts 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 exeeed
seventy-five candle-power.

Exeeption: 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 inereases the accident hazard.

The brightness limit specified in this order ig 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, ete., 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 Loeal Lighting'.

Lamps for local 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. 3

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 aceident or other cause, the
regular lighting is extinguished. Emergenecy lighting systems;
ineluding 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 points
until the regular lighting is again puf in operation.

2. To vacate the building safely and expeditiously when t‘hls is nee-
essary because of fire or other causes. :

Emergeney lighting thay be installed in various 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. Sw1tch1ng and Controlling Apparatus.

Switehing or controlling apparatus shall be so placed that at
least pilot or night lights, which may be part of the emergenecy
lighting system, may be turned on at one or more easily accessible
points, All sueh appa.ratus shall be plainly labeled for 1dent1ﬁ-
cation,

Note: .. The purpose of this order is to make it poss:ble far the mght
watechman or other qualified persohs to turn on enough lamp__s 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. Egtracts From School Lighting ngé. 4t

Oi'der 2187. Exit and Emergency’ nghtmg

In School bulldmgs of more than one story herﬂaﬁer eon-
structed, the lighting to be p1‘0v1ded in_all. stairways a.nd exits
and in the passageways appm*tengmt thereto under Order 2183
shall be connected independently of the room lightinge-. Such
lighting (and *‘‘exit-lights’’—see. Building Code) shall be so
supplied as not to be subject to Tailure because* of the failure of
the room lighting from internal eauses: «- - = = iz o

Note: Electrie eme;gency lighting should be supplled from an, in-
dependent connectmn exi‘endlng back to the main servzce enfﬁﬁnce fm‘
the building, ;

Order 2188. Swltchmg and Controlling Apparatus. '

At each point of entrance to school buildings hereafter con-
strueted, switching or controlling apparatus shall be ingtalled,
so- that ‘a person may furn on enough lamps of the emergency
lighting to proceed safely to the next point of control: ~
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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
point of entrance to such reom,

Appeﬂdm I. Eztracts From General Ordws ons Ezisting
Buildings

Order 6037".

All new electrical work shall eonform to the Wmeonsm State

" Eleetrical 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 eonductors of electricity, deterioration,
faulty materials or from any other eause, is liakile to tanse fire
shall forthwith be overhauled, repaired or replaced, and made

-safe, and all such repair work shall be done as reqnn-ed by said
- Wiseonsin State Eleetrical Code.

Decorations of paper, cotton, cloth or other com‘nubhble mdtc-

.rials shall not be attached to electric light wires, globes or fix-

tures, nor within three feet of any open lights.

Eleetric cords shall not be hung on or be .fastened Wflth or
come in contact with nails, staples, hooks, gas or water pipes,
machinery or other metal supports.

Pendant lamps must be free from contact with fur nlture ma-

chinery, posts or other fixtures.

“Where portable electric lights must be used the same shall be
equipped with keyless socket of non- gombustible, non- absorbent
insulating material, large handle of non-absorbent insnlating
material, basket guard, proper reflector and special heavy duty
cord af the reinforeed or similar type. )

Appendiz J. Eztracts From General Ovders 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 Lighting Code issued by the In-
dustrial Commission.)




272 INDUSTRIAL COMMISSION OF WISCONSIN

Appendic K. Eaxtracts From General Orders on Ezisting
Buildings

Order 2062—Equipment,

(1) Electrical Equipment. Electrical equipment other than
la.mps and the necessary wiring for lamps shall not be installed
within the booth, and all equipment supplying electrical energy
t(.) .lsneh booth for mechanical, chemical, heating, lighting or
similar purposes shall be installed, operated and maintained in
accordanece with all of the requirements of the - Wisconsin State

'Elee_tr'ical Code. Wiring to lamps within such booths shall be
n rigid metal eonduit, :

(2) Grounding. All exposed non-current carrying metal
barts of eleetrical equipment serving such booths, and all metal
parts of the booths themselves, unless only ceramies are used
shall be bonded together and permanently and eﬁeetiveh;
grounded in acecordance with the provisions of the Wisconsin
§tate- Electrical Code. (See Section 103.) All belts driving
in or .entering contaminated airways from booths shall, unless
ceramics only are used, be similarly grounded to pfevent ac-
cumulation of statie charges of electricity.

('.3) INumination. All booths shall be provided with illumi-
nat?on of an intensity of at least five-foot candles measured on a
h‘orlzontal plane thirty inches above the floor. The distribu.
1_;1‘011. of illumination shall be reasonably uniform, avbiding ob-
,]e.ct:!on'able shadows and sharp contrasts of hiightness. 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-probf
globes, exeept when ceramics 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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PART 4

Safety Measures to Be Observed in the Operation of Electrwal
Equlpment and I.mes

SECTION 140, GENERAL REQUIREMENTS

~ (To be Observed by All Employers of Electrmal and Slgnal
Workmen.)

Order 1400, Qualifications of Employes.

The employer shall use. every reasonable means and precaution
to assure himself that each employe is mentally and physically
~qualified to perform his work in acecordance with these rules. No
_employe shall be permitted to do work upon or in proximity to
dangerous live electrical lines or equipment, or in such position
as to permit of the establishment of contaet, unless heis properly
qualified or is under the direct supervision of an exper:enced and
qualified person.

- Workmen whose employment mcldcntally brings them in the
.neighborhood of electrical 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 electrical
equipment or lines shall be thoroughly instructed in methods of
first aid, resuscitation and, where necessary, in fire extingnish-
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. Instructions shall deseribe
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 instructing the work-
men shall be considered in eharge of the work. .

Order 1403. Attendance

Unless a properly qualified é'mploy_e is in constant attendance
in roems where generators and other supply equipment are in
operation, such rooms shall be made inaccessible to other than

qualified persons. b

Order 1404. Requirements for Two Workmen,

. Exeept in trouble or emergency work, at least two employes
shall be provided where work is done in wet weather or at night
on, or dangerously near, live lines above 750 vo]ts

Order 1405. TUninstructed Workmen and Vlsﬂ;ors

Unquahﬁed employes or visitors shall be prohibited from ap-
proaching any dangerous live -parts unless accompanied by a
qualified person. -

Order 1406. Protective Devices.' -

(a) There shall be provided in conspicuous and suitable places
in electrical stations, telephone exchanges, testing departments,
and line construction and repair wagons, a sufficient supply of
suitable:protective, first aid, and fire extingnishing devieces and
equipment, to enable employes to meet the reguirements of these
orders. Buch 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 to assure
that they are in safe working condition. :

s{b).. JEmployes: that work on or near dangerous live parts shall
bEr rcqmred, by the operating. rulesi (see Order 1410) to use the

'protcetne devices and the special tools provided, first examining

them to make sure that these devices and. tools are suitable and
in good eondition. Employes shall further be required to wear
suitable clothing while working on or about dangerous live equip-
ment and lines. When working under these conditions, they shall
be warned to keep sleeves down and avoid wearing unnecessary
metal or inflammable articles sueh as rings, watch or key chains,
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metal cap visors, eelluloid collars or celluloid eap 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: i

(1) Bafety belts and similar equipment.

(2) First aid outfits.

(3) Imsulating 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.

(5) Tools of special design and insulation as to eliminate so far as
practicable the danger of forming short eircuifs across conducting
parts at different potentials or bringing the user into circnit with such
Pparts.

(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 havmg exposed current-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

the supports are strong enough, reinforcing them if necessary.

(2) Ladders used on or near dangerous live electrical equip-
ment or lines shall not be painted with eonducting 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 instroeted 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-
eise care to see that the snaps or fastenings are properly engaged
and that they are seeure in their belts before 1nt1 usting their
welghts to the belts,

(e¢) Tools and Materials. Employes shall be instructed and
required to take the necessary precautions to avoid dropping
tools or materials from elevated positions, and to nse hand lines
and proper receptacles for raising or lowering them.

SECTION 141. OPERATING RULES

Order 1410, Utilities to Adopt Operating Rules.

(a) All utilities, that regularly employ three or more men,
shall adopt and strictly enforece an adequate set of operating
rules designed to attain the safety of such employes through the
observation of the necessary 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-
guirements of Part 4 of this eode, 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,.

(e) 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, Knowledge of Safety Rules and Reporting De-
fects.

(a) Employers shall require employes to study and familiar-
ize themselves with the safety rules adepted pursuant to Order
1410 and shall from time to time test their knowledge of the
rules as well ag their knowledge of approved methods of first
aid, resuscitation and fire extingnishment,

Note: It should be the aim of the employer to make his employes
safe men go 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,
ineluding 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 lines, and all features which they note that
may endanger life and property.

Order 1413. Organization Diagram,

The employing utility 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.

TEach employe whose work is such as to require it shall be fur-
nished with instruetions mdlcatmg the individual or individuals
to be called in case of an emergency, and rules for first aid and
rescuseitation and fire extmgmshment i_-

Order 1415. Chief Operator.

Tach electrical utility shall place a properly qualified person
in charge of the operation of electrieal equipment and lines and
shall make such qualified person direetly responsible for their
safe operation.

_Note: Buch qualified person in charge of operation and safety may

be designated chief operator, system operator, load dispatcher, gen-
eral superlntendent 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 eor 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 local 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.




280 INDUSTRIAL COMMISSION OF WISCONSIN

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 Unes o, iucimeia dveei s s A S R SR vy X203
Accessibility;, conductors in manholes........ovvviviienrrn,-n R b1
eohductors in stationg ........ s 18 £
duects and manholes .........0viernnan.. it b e et ap b ama. - B
electric signs ............. R N R, B AR A R S R 1366-¢
station eguipment ,..... T R R S 1142-a and b
g T ——— R N R e S cnwns 1144
Ald PIHBE wadauanisiesaes P e R R R e .o 1144
Addreas Het coaisa wiiviaeaae R R AR s R s 1414
b bR o 0 e e R A R S e e TR0 E g
Aluminuimn eondUotors i i v e aa e e e s eesen s Fe e 1218, 1246-q¢ and b
Anechors and anchor rods. See Guys and anchors.
Angles in line, use of puysat........ A Y Ry TN A T e o S
Appliances, household, def. ..,........ T —— 1)
Applieation Gf OTABES. . .u v s bes saas Sec 100, See. 110, 120, Seec. 130
Approved materials .. ..ouseeves oniiiins iR e TP ae s .l b
Are lamps and constant-current series lamps,
disconnecting: Gevloe of (oiiviriiineasia ivay s dea il i FUNPINS 2.3 1
automatic eut-outs for incandesecent la.mps FoTram) e ey 1363-B-5
BT i R L S e e wn, NN e e . s i 1 A
resigtors aAntd TeBUIATOTE OF. . 0 vueue e eues onmrsors e e somsames e 1363-0
FCIET0 Ly Al O — e e —— TR v 1363-e
IR R v oo o3 S B B S o T S e 1263-D
ATCIRR SRICHIR. o vais is e i aesismi «#a A T R 1120-d-2
Areing and suddenly moving parts......veeeiaean v 1120-d and e, 1851-¢
Armared eable, def, ...viivaveian s W ey L0 20l G
BERdE S0 eesianess R LT SR e T SR B
broken surface at outIets. R et R S v R o 1343-n
in demp locations o...oieais R L RO | I 1172,
insulation of Wires ......civeriiinrninnrnennn I——— wevsss1342-g
Joints anid SPHEes 0f WITES. i veww e rerar ssmosms cerenss — . 1840-8-1
Wiled WIHIRAE o ey oy L B A v Lad@=ts1
protection of cord at out]et BOSEE o we e s ok s L. 1346-1
protection of cord’ 8t Soclkebdl s s S R e W 1346-K
receptacles for portable attachmenta ........ P PR PR s . 2 2
Arresters.—8See Lightning arresters.
Asgembly halls—See Theatres,
Attachment plugs—=See Connectors.
Attendance for rotating machines...........co0vnun Sec. 110, Sec. 130, 1403
Authorization for work by emploves. . ...ovwenuns. T — asigwmas LAY
Hon iy vl A Eos o e T S — o A R R S S 1020-def. 2
Auto starters.—See TFuses, cirenit-breakers and athcha*;
Averaging, adjacent POIES. «u.v. v aiieianaann s e vmiedSd and e
span lengths ........ e R P e es s 1248 and e
B
Bare conductors. See Conductors,
Barriers for, conductors. ... vvennnenneanan. 1001, 1120-g and &, 12310-b and ¢
station switchboards,........ R AR T 1 I LT

utilization equinment . ....ovvv v eanr s 1310-¢, 1358b-6, 1368-c

ELECTRICAL CODE—INDEX 281

Order No.

Bathrooms, grounding equipment in.........covvveeeensee..1812-0-2, 1313-¢
Battery rooms. See Storage batteries,
Belts. See Bafety belts,
BELER ARG | B e R G e e e e e D
Bends in line. See Angles.
Blocking. Bee Locking.
Baltes iinn i S e e s e e ey Wa e e T e e e e LR B
Bolts AU BOTBWE. . verssswrsns srese s rnensassessssssssssssssssiBdd-d
Booth for pietufe TNEENINe. «.svue s mme s s s emes e ne s e waw s oo Lo T B=I0
Booth for slghal @EDAEraAtUS. . v cuwin s cim s covaaneess e 1382-a-1 and o
Boxes. Sea also Cut-out boxes u.nd cabinets.

FURCLION. DOREE - awas s se s eein R os slos, e et vt st B8 0=t

outlet boxes and plates........ ceivvesx1330-f-1 and 8, 1330-¢g, & and 4
Braces for; CroSSarmi$. .. i.ieeeeieisesdss AT ,.1217-b and 1245-¢
) [0 NE A T T A R e A 1212-a, 1281-a
Brackets for vertical conduUetorE. vy it iuionsyericnsaensris 1226-¢ and 4
Brakes for eranef............ e L S e R P T Gialenon .1358-¢
Branch connections, accessibility..... I L AT s

Cireuits, Bee under Circuits.

PLOBVENIBEN . wvawmsvie v posnee A s T g 0
Buckarm, working and eclimbing space for......... T PN 11y | 1
Buildings, clearances of conductors from........ 1228, 1321-e-2, 1391-2 and ¢
Buffers for cranes...... e e e T D e R R e A 13568-d

Cabinets, accessibility of, ... ....0ivivas e L PR AR b 4 1
Frounding off oo oo e Rt PR P R et S ) L) T N B )
installation of .11480, 1140 -, 1141—&, 1324 ~@, 1325-b, 1342-¢, 1343-F,

and n, 1350-h, 1361-d, 1353, 1358-¢, 1365-¢ and d, 1366-a, 1374-¢

LB TRy B A el L o RSSO Y Nt -1 LI T o +.1219-0

Cables, Bee also Conductors.
eonnectors for ...uvowrrvvn oy 1346-g, 4 and g, 1368-D, 1377-0-2, 1382-b

ingtalation SYa MBE OF s s o wes vuim e a5 0 vaa N ey R
1382, 1342-e, 1865-a-3, 1375-a-4, 1375-b-2, 1375-c-2, 1377-¢, 1382-a
iron- angd stesl;: dimensiong of covaan sl sl s st slaiatnb el s App, A-3
BREs oF o caderisasaseied e e 1288-F, App. A-2
supply lines, grade of construction....... ..1231, 1232, 1234, 1251, 1252
Eroun@ing of e asiedd e e e 12T4-d
* insulation of ........000 R T A L et S 2 LA TR 1
INEERENZETE FOT .. covnsnnmnesissoms alab e by e SOOI UV L T )
pole strength for, on joInt DOIES.. . vovuiverevans veenl274-a¢ and b
splices in ... e Sy o o S A e 1274-8
underground, clearances of........ o AT S P L LU 1286-c and d
protectien of oo onceure e s PR e i e g TS e o
Bpacing of | sueiisieass P T T o S At St s ¥ U
Caleulation of pole strengtlis. ivo.iiievi s siaeiviaresriia o App. B2
Canoepy insulators ..... R e R T B b AR B R P R B {7
Capacity of Conduits, numher of conductors permitted. [AURALA . 2 ).
Car houses and storage yvards..... = LI A (T RSN .. 1345
contrel of lamps and motors. .. ... ... AL -3 BN ITLER T\ Ced XY g3 . 1345-g
s i AR I el S S A ] ST e A R e B R 1345-h
Carrying capacity of con@uUetors.....vviveerirvors cnuases wawmaat e 138120

Casings—1020-defs.-6-11-19-23, 1081-e, 1120-d, 1122-¢, 1310-D, 1312, 1313-¢,
1324, 1325, 1360-h, 1351-d, 1353, 1358-c and d, 1366-a, 1374-¢; 1378-7
Catenary construction ....... 2 L . 12B6-a

Cedar poles, specifications for App. B-4
= s QRPN e e S App. B-1
Charging panels, of Sarages. ... ... erenoernns A S M T e LU |
Chestnut poles, specifications for............ Rk ek e e TP
strength of ..... T myyrrawrym LT NPT oo 10k . 1 |
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Order INo.

CHIEE ODBEREOT oo 5505 9550 e B ey s R e ATIPEATITITR TR 3 &
Chokd: ool o wwmeyvesswivsms liéad
Cinema theaters. See Theaters,
Cirenits;, def; ovian v R W R R S A e s T 0 B B=det 8
constant-current ... .. A TR T T R A AT 1253
grade of construction.. ... cieeiviiiiaan EpEeE e, 1231 ;1232 1234
¢ontrol, protection of.............. L P P oo 11T
fuses for branch cireuits........... P A - )
tises for motor CIrenItE v vem o ws v ne s aaaw e st b e oe 188 T=0 . a0d. ¢k
grounding of. .. .vevcvvs i ivens s+ 1122-a@ and b, 1205, 1313-a¢ and b
guarding of. #Hee Guarding. .
Identification-of s oauris R e T iR cevv:1128,1314
of different SPRLeMS. et wicisvi e s e e S s RO PR e - -1 [,
numbper permitted in metal raceways...... ... A S R P A A S R (1 5
OUEERLROE: B S e e s e R e R R
protection of ...:.... E e P e e 1032—0,
1120-g, 1131-a, 1143-::;, ]150 c, 1151-b-2, 1310-5, 1320-b-1, 1357-g-2
Berias EIFCUIEE" & v v vrmin v masnap s e LN T 1323-a, 1360-7-3
gige for A. C, MOLOTS. .. vowwsmewssssis STT i e b e e 1341-¢

siza for branch circuits..‘...........‘.............‘........‘.‘1341 b
Al Tor BN L BotoPE. o vuwanrs bis gum s s gosesvy i sl wne Lo Sk
gige: for WaDer TEMPE v veeevi i v s e e e s e e 1l
switehes for .......00. 00 1140-0, 1206-@¢ and b, 1824, 1325, 1350-a
and d, 1350-f and g, 1358-¢, 1365-d, 1366-a, 1374-b, 1878-d, 1396-¢
Circuit-breakers. See Fuses and circuit-breakers.
Circular loom. See Flexible tubing.
Clearances. See also Separation; Working space; Climbing space,
conductors, abiove ralls and Eround..... vovusnsrnvusose-n1220-p and b
af SUDDOrta,. From  SUPDOTER. o v s e swas sl o .12_21-:3. 1222-b

from buildings ........ R R SR R e 1228
from bridges v i eanaens R R e e .1229
from conductors of another line.......... et 1227-b

from other eonductors at crossings. ..o viveveverie2.1220-c and d
from poles of SNOtRer LS. i i u vy cot s v vaes s sassesesds«badTg
in EnHOlsE e s r e s s as s s drph-g and '@
longitudinal runs, from supports..........-........1226-¢-6, and b

vertical and lateral, from supPOrtE. .. cvvvevnvnaeon ve e 12281-a, 1226
GORMEACTIOND: ‘GFF POTEEL v« ieav wn o i wes v R S e 1215-B
dupls Trom OIETED SEPIEEREOR i o o w6 S W0 52 1295-d
increases for, suspension, insulators,........ R 1. .01 h and &, 1222-b

BIah FOHALe s visivaeis= e v i v« 122020, and. &5 1222
incressen: for, ISfEe BREB.. il iie s e e e Ve LR

Iong SPpans . vvvviaeaann e ey ae vees o X220-Boand d, 1265-a
minimum reguirements on pole Hnes. .. ... eee.nn Ry e e aroes Ll

poles, from conductors of another Hng.,....c00vmeen ...12?0~d, 1287-d
FROHE BVATRNTE. oo mammmin s min e o mn son e s g sssrs s E o Lath
From TAME «owvms s mer s seees trwms memeeesy e b ble0y TR, 18840

signal conductors, above rails and ground......i.eeeovsa0.1220-¢ and &

from bridges ........ R G AT e T P S 1229
from buildings ......00.0 R R R R e e A i, LASR
from railways conductors ...ii.ivieie s edeiia S e | B

from signal conductors....... 1220-9 and d, 1223 -g;, 1270-e, and [

from supply conductors............1280-¢ and d, 1221, 1222, 1223-e
supply equipment from signal equipment. . .oovveiiieierrrvsvs. 13721
trolley contact conductors, above railg and ground.........1220-g and b

from. other wirks 8t GroBSINES v v e cueseaws vroms pamsmos ven. 1268
Climbers or gpurs, fHSPECHION O v ua s v amcn e wes i saase gt ILSE
Elinthing sonsa Gl oo eennensmsiamem e Y 1020 def. 4

general, ..sssussaes cl s s e s e v e Ao and U 1225

obstructed by conAUELOTE. .. ... viuiurereanenseensoas.1226-a, 1215-B
TR, o R P R B S R A e SR e B  -E
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i n o I 7 IS Ly A RN R | cpmweneneen e s D000 and B
supply and signal lines.....oovveevninnn N L L -2 ]
SUPDLY TINe ORIt s bosai sty srammams o s syvan seses L2058 and B
Clothing, auitability of .. . i icisauiais W R e e e e e e R4S

Co-efficlent of linear expansion, copper, iron and steel..............App. A-3

Collector wires. See Trolley wires, eranes,

Common use of poles, conductor size and Sag8. .. ..o iiininnn.s .. 12584-0
grade of eanstructicm,‘.....‘..‘.....‘.‘..........‘1261, 1258, 1264-p
relativa levels of conduetorS. co.erverorsenstssenssssnnvs1254-0 and b
trolley contact conductorS..... sssvavsvsrorsvsrs sossssnnssniesladd=d

Compression ratio, steel.......covevivvisesriraiiiiierese.-1248-0 and f

Lonerete, PO . uvessbay v ives R A e e R T cew 1244
Conanetors, Oefi. o vms SR e e e e i 0-det-. 5
allowable number on PoleS. ... iiv e e i ans e e e s DD B8
supported By EUYE el e S s e e e e App. B-3
arrangement on supply and signal lnes............ veeanaen 1206-2

bare;, where permiasible. ... i ivnaein ‘1120 g~4 1310 b-4, 1340-0
CRIPPINET CADAGIINE, TABIEL . o i v simw sess i m et immrien s aare i o b gmio e biwons v L L e
clearances of. See Clearances.

fastening stranded WIFES. . .vevaescrsmonsvsrasrsosesssaess v . 12340-e-2
T R e s L P U DL DR [ 1 058
for armored cable. See Armnred cable,

for arc lampe; et s veeciyiviog; e T e RERP e R 2
for concealed wiring., See Knob and tube wiring.

for conduit work, See Conduit.

for ear Houges and TREAR < i« o os sa b b s b8 oo s 1346-a and h
e e O i i S ) B b e
for fixtures ......... L L e R e B LD LR 1241-g, 1360-a

for metal raceways. Bee Metal raceways.
for opening wiring, See Open wiring,

for putline Hehting ..uoescowveovsinse e IR PO 1 1 4 )
grounded, fuse in......... e S S TR PO Ao O 1351- -1 11}32 -2
Ehnriding: Een Buarting. oo e S e s L. 1297-p
high-voltage contaet ......i.0iv0el R A R AR S e ives - 1256-@
identifieation: of ..o iis it v EE R e LN PR 1
identifying covering for gruund&d e M) L e ] L1340-a
installation of ..... e e s, S Sec 132, Sec. 133, Sac 134
e ciped il 2 e s sl sl VAN A M AU LR AL o e 1218-¢, 1228-0
and d, 1274-f, 1842-a-1 and 3 1342 =d- 1 1342-¢, 13423-a-1 and 2, 1291-¢
iron and steel, mech. data for...... R L e L e G T
THIATION OF + i i s s v ol tsimme R e P e 1120 -g, 1310-b, 1213
Jjoints and splees Tn......ivvivhoviins PP ALV e e e A 1340-¢
lateral, clearance of,........ e U N peen el w1881 -a, 1286
Mgy Al s i B S P R o T e e T 1020-def. 29
lightning protection, size and material....... enesene e 1218-D, 1246 -b
Alap s b e PRl o P o ) o N A S I RSN eyl M) P 1y 11 Ad
location of ..... A=A e L L 1‘/’213: 1223-f, 1298
TORETEIRAL: o Do ik e s S X A R R 1221-a, 1223-g
maenetle Toroee M voee v ciors snias e T S S 1120-g-4
material of ..... 1218, 1246-a, 1283-@
mechanical and thermal injury to 1120-g, 1226-2, 1297-a-d and 1310-b
BT o w R e S R A ST L e oy i s o R e R 1341-f
of radio slgnaling apparatus. .., 00 ennss w = 1392, 1296
everload of ., i. ivesidives e e s falas ve e 1141-b, 1851-a
protection of, breaking at crossing............... venennna. 1266, 1870-g
damp locations .., ............ I TR T BRI &L ks £
deteriorating agencies .......... s e e S e e
falling wires ..... R R B B e e R T e v 14220
falling trées ........su e e A ‘..“..”.‘.12265, 1287-g
hazardons I0CatIDmE v vas s cri e i R e e e 1121, 1312
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Order No,

INAUCEINEE .. ov v s iy e emmgmoma B A i TS A RN 1340-d
supply line ....ovevnennan. e e b R Ak T Tl [
protective covering of supply lines in urban distriets.............1818-¢
reduction in assumed loading, signal lines crossing raiflways........1281

signal linés on JOINE POYEEL vivuis v ve vt & o o4 s 1272-4
theostat connNeCLiONS . v.iusmaedinsinms o raev v W L1840-f
HARR o EELS 1224 124fi-¢ a.nd c&, 1"54 ~, 1273-g, 1283 -, 1286

coppery tables ... e P R D s 1288k ADP AT

ivon Sad el TRbBIes GRS 1283-d, App. A-2
BEDELEIOIR, o2 v ma a0 s Ermad s a0 8 1231-ce, 1222, 1228-¢, 1229-4
Service 1eadB  ..uvcsioanrmaienie e s B N R
gize of, for A. Q. MOLOTE. .vuu svsrenomes e g ek sy e e e e i L e

for branch oIPeItitg . opevss ey R O e R e 1341-b

for I, G, Motors wiwvs s TR R R R T e A TR 1341-d

TOP BEEPAIR o wwns < e aienein g TR N e S e N e 1341-f

for supply and slgnal lines, . 1218, 1319 1246 -b, 125 4 =g, 12?3-(; 1283-d

for trolley elrewmits o....ioiinein PR e ey e A S 1341-e

Lor Vapor- TAMDE, s v ebe o e aliis ieliieivele s T EE B R
signaling systems, of. See Bignal wires. .
slack, taking up ..... e g I R e b T N M veee1246-d
storage-battery rooms ............. A4 AT M F M 5y i A 1144-f
FETOBEON T vy v vsie v e mmos s v TP — 1120 o-4, 1241, 1281-b

ieopper; TADICH wovansene b sie s e e s s v s cADE A-1
SEEIBEINE OF  ooimonm e aims s e s w R s e e S0 P | B
®upported by trees and roofs.‘,‘.” ..... N B LG e S S B Y
supports for. See alse Insulators...........cvieeeesoe..1258-¢, 1297-¢
tensiong b codicwcraiTee s el A R N e R SR s e 1246-¢

copper, tables (.. oiveeiiian v e e R R s L ADD. A-1

oD Al BEeeL, BaBIEE i ay e aa i glaiein U vl askrasn, o, ke aadil AL s App. A-2
trolléy contact. See Trolley wires.

{5 'y L A PO SRSU ) RSN | . . |
y twisted DAL . ..oweroiaen v s sy e el oy 12884d, 1288-a and &
WeEtlea]l  covemma e A R o awen o s 102005, 12270, 1226
weights of, for lines, tab]e ..... R R e S App. A-4
Conduit, Bee alzo Duets, def...... vovuns S e R SR 1020-def. &
grounding of ........ 1122 -, 1205-B, 1313-¢
installation of ............ T B .1321-0-2,1330,

1331, 1340, 1342, 1343-1 and n, 1346-}', I and I, 1350-0 and p, App.-C
gl o D e e LR A S o N P R T 4 b

1032-0, 1120-g, 1111 -, 1160-¢, 1151-5-2, 1310-D, 1321—b—1, 1357-g-2

Confliet, def, ...... T — T — T — vosnnd020def, T
avoidance of ...... T A W R BTG < B D N 1230-d, 1271-b

DY JOINE DIOTOE uwivivsicioms vo s sy v s o a s e s 1230-d, 1272-a

grade of construction for....... N R SR 1234. 1251; 1252, 1271-a
Connections, attaching to live parts........ T e R e 3 AR S O .
Connectors of, flexible cords.......... S R R i 1346-g, dand 7

PUDLIIG, EAYREEAT | Ll e i e S s aae Rk e e +..1382-B

L e A R e M I I T .o 1366-B

theater stages ........ vt mowp B, e e M e A e 1B77-B-2
Constant-current cirenits. See alao Series cir:-ults. ..... T —— s 1253

grade of construction fOT....veeesssmesnesis ...”..‘1231 d, 1232 1234
Constant-current lamps, See Arc lamps.

Construction, character of ............. R A SRR ey 1016
BAW e R R R R A A i e s by T 0 duf, 8 3
reconstruction, def. ..... AR T R e S g i L1020-def, 41
LeMPOrary .....oevvnanas L e e D R R R e SRR 1000

Contact conductors. See also Trolley wires, sin s yanamas welBb8~6 ARA. @

Control, TEMOLE +u.vvrivmersvennnnss ..............1120d1 1367-d and ¢

Control cireuits, protection 0f.....ovvvvverrrnnvrneervnsnnsranssnsss:1180-0

Control, OF BEHRTGB. . \vnw v Ty A A P I ve 1388
of motors and generators R R S 1150, 1367-¢, d and e

T T TR RS R R e ceea1120-d-1

ELECTRICAL CODE—INDEX 285

Order No.

Controllers. See also Resistors, aceessibility of. .. vovivnerrenssas 1555-a
sler ey S gl ) (e R RN RO ) WO XN e o vales s 1356D

of cranes ,...... T o e DR ey 1368-¢
ERarding of ... R Y S S camvss s a2 1120-m, 1810-0
IMAICALIR o ovmpvwsescsinseis SRS b e 1355-a
TERBLOTS,. (0F o uncowwmeswesanimms A A e S R .= 1855-0
TeveT#e-DRASe TEIAYE . u. v vvina s i di A R S A e v 1357-¢
rhaostat eonnections . .... o iitieii i, ARl IRy 1340-7
Copper. See also Ganductars mechanical data fur‘.......,. ,,,,, App. A-3
31 T R e o o i sl M A LA, LAl B bl Il -2
Copper-covered steel conductors. . .................. ... 1218, 1246-a, 1283-d
Cords, flexible, portable. ............. 0 ) e, R +os 1346, 1382
Corrosion. See also Deterforating agencies. .. .....oconan vo . 1246-a, 1283-d
Covers for manholes ........c..o.e.. R e ke AR 12930
L B 1 L o e S R B e o 12T5-B
Cranes, controllers of ........... st Ve e veivv.1358-g
Gy 1 e R S e e T A s T e S 1358-¢
BV A e S R S e B e SR A .+, 1358-d
fuses and circuit-breakers for...... et TR 1358-¢-1 and 3
grounding of ...... e A Rkt 20, i A gttt v A LA N
s £ T i et UG R W IR OO IS 30l LS00 000 RN oL . 1310-a0
hoigts, Wt SWHESH FOT .0 c v vwis =imi an sios R T I SpeReP 1 1 T
reverse-nhage relaws FOor - me e s s s S e kL R

T L R e T = s S SR vev . 13568-0-2
wires, insulation-of ... vveiveiviienns Sy ke ABDE=0=1,"2 and " 3

L0 O AR I RO o S Lo Ve e s o e e 138 8=0<1, and 9
BRDDOTE OF i i s e o e saras alns 1358!}4 5, 7, §and 10
Creosote, preserving treatment for poles........... e sean s ADD: Bel, 4§
Crossarms, BhatInE FOr . i i e et e vemeprne  BALT-D BNd €
BOUBIE: i s e v e G s e ..1217-¢ 1246-¢, 1283-B
EEE T by SR H e L Dae S e L1248, 1248-b, 1249-a
O T R e e e e b e s s Rl L v in 181 T8
material and SiZes......... S e e s s s waes L a4, T2RSB
strength of .....ieuivues s e e » EEETD, T840 12750 12885
special cases of ......... e e vewevera..1248-B, 1249
Crossings, average span length and strength not applicable...........124%2-¢
cradies at, use of c..u. e iaiias PR e e R R, -
denble: ' iivsivs S e e S AT R ST AL MO AN &
grade of c-:mstructmn B e e VST .. 1 I . O 1]
reduction for selected poles not a.pphca.bie PR L ety v e tadd-g
short span construction........ v e L R vives e 1267, 1276-a
signal lines over raliways..... B AL LML L E con 1886, 1380, 1381
OVer BVPDLY BNes .. smnsamy R L R e R ey S -

over trolley contact conductors .......v.iciuviacia. vov.. 1236, 1286

under railways ......... A A S R L A e vaes 1TRER
supply lines over railways..... S g 1233, 1266-a, 1261, 1270-¢
over supply lines ............. PN N S T s 1231, 1282, 1251, 1962

under railways .. .. ohieis A TS e oS AN N O 1268

with signal THES 7000 it it veenmers e smmnn ssnr s bii 8, 185058
Crogeing spPan, ETEAINE 68 ..\ ..veauninnnssntes s simssnes s winis s R R
IEHEER. BE 775 Ly rs v b e T N e 4
CIED 'BRES «vecmnamine T BN 5 e R i R 1211-m
Current-carrying parts, def. ............ v vaieaw ey ses e i L020-def, '8

guarding of .............. 1120, 1121, 1204, 131{] 1312, 1350?&
1361=d, 1354, 1363-d, 1367-b, 1368-0, 1374, 1376-¢, 1382-b, 1392-B

PEBEIRE . ol e TR veeaens 1120-a, 1204-a, 1310-a
working space about ......... R R PR A A PR o PO 1120-a, 1311
Current eollectors, in car houses and storage b1 s b N ....1245-g@
Current transformers, bridging of .. ...ooovurnrn... ST 1 |G -
erounding of ........ T N A YA S 1122-b
guarding: of .. ..cvese. R N R R il I i PR e M 75 [ )
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Cut-out boxes and cabinets. See Cabinets.
Cypress poles, specifieation for.........cioiiiiiiien e r e Bed
strength of ......... P e R AN S e LJApp. B-1
D
Danger SIENE .vevvvrverioranennn O St EEhRRET e T
Dangerous conditions. See Defects; hazardous locations. ;
mr 2 I e B Y L e e AN 1020-def, 9
Dead endsa, atmngth of CONSTrUCHoN at...ee.uvoesronsnoso,, 12490, 1250-¢
USE O BUVEAL - comwm s mmmms vwamvos s M o I SR L
Dead-front switchBoards. ... .vvcvveneraerinreenns. 1120-d¢ and e, 1142, 1374
Decorativa MERENE  ciniiousbainideis s s aw s p i v et 1 Y |
Diefaptive squibInent s meni i avies s e simea s | HUES
Defects of wood poles........ TG e 1244-d
reporting of ..o..-oiiieieen bl R R R B R R T 1412
Definitions of speeial terms ........ ; T et SO S 1]
Deflecting supports, use of guys on o o e e L B
Dafprtion. OF SUBDOTEE wywew s v e smames s s et fves 1240-a, 1280-2
Deformation of supporfs. ....c.oceus T r R e 1240 -, 1280-¢
Depreciation, Wood POIES . .cuuerirerrrassssrsessiass ....1244-B, App, B-5
Depth of Betting OF DOIBE wwuseesesauns vy sasan ..1283-..a, App, B-4
Design and construction, lines and equipment............ 000 weiaing., LGOL
Deteriorating Agencles ....ciiioieinisariasnoass R T 1124
Diagrams, connections on switchbeards .......coiiiaii i w114 8~d-2
of organization for chief operator....... .covviieveaains P AR & o
Diameters of copper, iron and steel conductors .....oviiweves.s L. AP, A-d
THIGINGES,  GIDBUIR 0L o v e vmie s e aorigins ane o meommn s b 1op 8 b T dyse o b s 3T el
ACECHEE. OF o virwd e wmmp i mem e o mm e aiawee e T N LY 1374-b
Disconnectors. See also Switches, def, ....ovon.nn. PO &) 1 £ i 1
blades dead WHen ODEN .........cenes S DAL T L .. 1350-%1
gapaellyr ovveasneraieeREN B E R R R T R B ST A 1350-¢
identification ... chvaiinn. R S R R R S mans pae Lo Lal4
where reguired ..... S R e MR AR e e SR s [ 4 (R
Double CroSEATINE .o uevissanessnreiisasssnshouiinsey 12170, 1246~0c, 1233-b
Tituble ePosslnEs . oo s s e s e e e vavaaas s 1280-B, 1287-c
TPaINRRE, DT COTIIIEIE v ue e srs s Sou-s-o1d bn b 4B 487 bbb A6 30 85 ... 1330-d
for oil-filled apparatus .....oeveevnanan vaesaesess 1020-562, 1151 13566-a

1144&2

for storage batteries .......o.o.. .
s DBOL, 12004

of underground systems ........

Drainage, of ConAuit o veiis sevu svsme e s e Bl A Sy
Drainage coils or tranbformers......... ........ I e vev:1892-a
Drip loops, of signal services. .. .....oviiaviien e S e [ I |
of supply Services .........ueoeeen e i e e T vew.c1821-B-3
Drip pans, of motors and generators .......ccveas s as e veae 1367-0-1
THITEN-HEDE BEOUNEL | | v s aivs vmnve v onion s bvsmaiiaaiasie e sy SRR L. 10840
<N ) S D AR Ao Y | AR 1 P 11 1 1 s D
clearances from other sfrocturfeés .........o.o... SR 1. [T
dissipation of hea.t | » LA A—— wowpng ..‘..‘...............129‘5~j
e S ar o r St e PR NS P CH S LA M,
installation of ...... R T e R T BT S S S 1131-@, 1295
Joints In co.ues T 12959
Yoomtion of tiocaan i il et B e e Al R L =D
material, sige and findsh ..., .00 000 i O R G S s £
separation between supply and signal .......ooiiiieiiiaiiaias 1295-¢
y E
Earth, resistance between grounded part and ......... oo -
Tarthing, See Grounding. S
-Eddy currents, precautions against ........oco..ieeeeens PO hen o | )

Bffectiveness of ground connections .......iiisseessavsresivesaves 1033

: /ELECTRICAL CODE-—INDEX - 287
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Blagtie'limit of copper, iron and steel .......... . 1243-a, 1246-d; App. A-3
Electrie furnaces and welders, glowing parts....ivevieeissereeire..:1368-a

—SEMBPAINE. oo e sy o s adno b SR e 1368-¢

heods, goggles; Abe i s rimasaaeiaRE ST v 1368-b
Hlectric gas HehtIng .ov.\evenionaie i o R s S s S e Y
Blectric stations and sub- atatiuna‘ See supply stations ami sub-stations.
Electrical supply and signal lines. See Supply and signal lines.

Electrical supply equipment. ............. woe b et et et S E DGR 32
Electrolysis of anchor rods, protection againgst .................. veea12812-2
Elevation as means of isolation. See Isolation by elevation.

Elevators. Hee also Elevator code. Reverse-phase protection for......1357-¢

COREEOL BIPONIEE. o vwabaies e S s edveiiee el 3 l-B
Hlongation, CODPPET ....iveenaniesiionas R R A e ADD, A3
Employes, acquaintance with operating rulos....:...‘........‘......- 1412

Ingtructing of |, ol s i e
qualifications of ...ceivviiiiiireee e
responsibility of foremen ...........
uninstructed Workmen .......cevevievinsrenvns
WASTEOER o giwsscicna, brvvpnissciins

when two workimen are required ........o.eou. i rmaliialoe Skl 1404
Emergeney, cHOmts owwnwvvs snw iy 1&":‘1 -, 1372
IIUPIRATION. wioeneunin o s s waiaibig SRR 111t-e

e L e e e e E s Cr ORIt 0 sl IR [0 e i P Ol B 1 .
Equipment, econnections to, acecessibility ............ RS e PSP 1
bt O 1) I e e et e e R O S veneea s 10B0-def. 12
R B . e e s sy 0 ot it e s o o vaisswen o 11280, .1313-¢
ERGERAE BE . o s e ey 1 a1 ]

guarding. See (uarding.
identification of. See Identification.

RHEECEICEL " o o a0 e e S e e i S T s P R 4 b
isolation of 1120 1204, 1310
maintenance of ..ouoiiieiaieann G A g e e AR T T
movable. wuiassay Ve s e e e e R e e e e e LD D=del. B2
oen: poles oo, cinaadinsaakisEaes VA ey i
POrEaBle: i G e R TR S b ok by 2 it be et LT G DGR - 2
protection of ........ B e B R e i o0 13150, 1ABT
protective arrangement of ... u.iuieeeiisn A e 1010 -
utitization: ... vu.eueinues R S e sewews o 1080-def, B4
Examples of pole ealerlation. ....vuueivuiin it iniiiiieasnans App, B-2, 3
supported DY ZU¥S .i.u,ewseressas R £ LA B e e st App, B8
Exit lights, of theaters T R S e e e e R B AP 1 428 B [
Exits of stations and sub-stations ............ e T 8 £ B
Explosion proof, def. .......... e A vere s aes ey 1020-def. 15
in hazardous 10CatIONE" (i iiiaevneve consssohnsian o divs - 1128%) 12599
Hoepowed, BBE i v e e e B e e L canewes1020-def. 16
I F !
Feeders, electric rallway..... . viwsvan s 1220-0, 1223-¢; 1254, 1256-a
Fiber stress of wood poles........ s Rl s dieaiita SvApn Bl
Fire-alarm, apparatus. See Signal apparatus. :
lines. See algo Signal lines............ venaaaunes 1234~ and ¢, 1288-a
Fira fightineg applismesn 500 i v iri s e o e s s mstrt b s T
instructing employes in use of....., Tl AT . Lo 14086
Fires;, protecting poles against............. N——_ ) MO
First aid, instruction to employees ............ T e PO e 1 1 ) E
1 A TR I R B e e vo o 1408
BNE. TROOEEE o wwioienmsi RS T e e G 1410; 1411
Fixtures. See also Sockels. J !
congtruction of .. oosie s vEaioa T e S N NNPTRIA 113 1
inflammable matter a,ttached tﬂ‘. ....... ..........-..........Iaﬁﬂ-f
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QOrder No. ,
installation Bf ....vemmemenes el hbaodd T e R TP s
lamp sockets and receptacles ....... o L AL M bl b e b R e
mercury vapor lamps enclosed In ..vcesraeirrsassnae s L. 1362-D
pendant cords .......... R R o s B R e vawss o 1360-g
rogettes ...... I ARt S S A e SR R R ki v 1360-2
WirnE of ks iR e T PPl {1 1110
FiEbuTe BEOEET ol s e s F s e e e sasieadne 184y
Flat gurfaces, wind Dressure ON.....oseeesvsss s diiislonsahaiiie v 1242-8
Flexible conduil, def. ......cooismeicanuill Hos A AR v s s nes 102080
{nstallation of  oLlven vraia el T S W I PYISS TTIC, o SR & -
Flexible cords, connegtors for ..... BT Vv 1 PP TN T Y NP1 ... 1346-g
connectors in hagzardous locations ........iceveemee RN I ) 5
design of conNeetdrs ....i.iavevriiisi v i ss b e e s TRAB-F
for elevator lighting and control ......c.ocaiviaan i s eeewe s e - 18346-4d-4.
for- portable: Work .« oo i aalip s L s msisrdiss werrassnn e LREE
for show windows ..o, AP, G A R s L.1346-a
BRARNGT - i i v s e e T T e g S e A oo 1346-R
limitations of use............ T e R I vy gdlag
of HealtnE ABVIBEE . wwmmmis s s s rm s st s om0 g ey o veeens o 1367-0-1
of public garages..... O Y T ek Sl stk o CHERDRE
Lol T L S —————— - ) M S
protection of cord at outlet BOXEE .....vvevvmarvinrisnannins vva o 1346-¢
protection of cord at sockets......:..... T R e ,1346-%
receptacles for portable attachments, . .. o ovaiaoins e an el g B
gsima Of ... .. .00 e e R Wil e LSRRl
strain at connections....... R R P CTI u .  C T
voltage limit ,...... T TR S s e TR R L. 1346-b
Tlexible line supports ....
Flexible tubing, for conceﬂled knub and tube work..,......... dee e w1 343-R
for conduit Work ....icssscisiasae e e vy 1842-a-4
Floor openings, guarding of. . ....oovveven s S—— B YA UL 1112-B
TPLOOR BB TR oottt oo a1 el ) et e bl 1112-b
Floors in storage-batlery rooms ......eiesisiesss LT R R r [+ L. 201
insulating., See Mats.
Furnaces, See under Bleetric Furnaces and welders.
Fuged ToSBELER ... +eivivessesisviianeosan R R R TR s T R e
Fuses and circuit-breakers, arcing and suddenly moving parts......
............... e nannr s aeeersoes1120-, and e, 1351-e
capacity of T T T s 18562-a
dizsconnection of before handling......... Ty ey s ol cen 1851-d
for branch-circuits ........ R AR T . v awawnn 1352=B
L0 MOEOTE | e v e e e SR T A e e e 1341-¢ and 4
for gerviges ....veeiaenn R A R 1324 1325-¢, and d
for theater and exit HEhts ..o v v dvenrias v sdaaeanas 1872
pUgidiE B o D e S e e P P 1361-d and e
in meutral wires, ground wires, ete........ I PR TR s .. 1361-g
interlocking circuit-breakers .......... R A A A MR 0y (L e
location in stations .....coveeaon SO - SRRl s £ Bl
tampering with (fuses) ........ i T e b s A ) Sk i s TR T

types of fuses reguited ...i.svesivssomeaninss PRP, & 1 I 1 O

where required ......cocc.oniiiiiiiiiina v eswswnss o 11815, 1361-a

Gages, wire;, def. iaeeiiereiss s R L ey veseee o 1020-def, 57
Garages (Public), charging panels of. ............ i e e e i S L A
connectors of flexible cords ....iciveiersaens A T ,1882-b
flexible cordis of o iiismmariinnim g R e v R ERT s R R g
Roni OREIStEOF L vl e 3R i S e +..1381-b
motors and generators of .......... S SR TR S IR R
POTEABIE YETHDE BE & oo b nnimets s emnsoinsisssce s iaea et tie sl 08 iy
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special precautions ......... D T i N - - |

switchboards o B SO I e [ - 7
wall outlets of .....oeein.an T T R S e R R R £ 1
Gas, inflammable. See Hazardous loeations.
in UnAderground SYSLelS v vyt ionn ettt aate e 1999d
Gas piping, not used for T gt ba 7 s e O A T S N 1033-b-3
GOEEles: o e s S PTr , sawens e < 1368-b, 14086
Generators. See also Motors.
Eleterioratmg agencies, guarding against..,..... ... 0uiin.. 1124
1, BATABES . ..nsvveeeas T — R A AN =R CRer 1 1 1% )
H SEEmE s s R A R e T NP f BT
Gloves, insulating ........... Ve | T40R
Grade of construction reguired, common use of o] U PP P RN 11 %
Jjoint use of poles veave e s e e e e eee s o 1284, 1272-B, 12730
Bigna.l.]mas = T R R S e PRl LA SN R .. 1236, 1280-a, 1273
mm?mum Pole BIREE il e e srvenssan 1283-m, App, B-4
supply lines ........ ... 0iine.... .. 1250-1233, 1250-a, 1260, 1270-a
gelected poles, minimum sizas............A......‘.1244-a, App, B4
Guarding of crossing span, signal lines at PAlWETR v b e ceee 12820
GEnd - CEUDE ooy e ienen o e et e s vedEss e s e e 1084, 1891-F-4
Ground connections, artificial 1033’-6 1084-¢
contact surfaces ............. g ....‘...1034-;e.andb
devices for WAKIME . auei i vie o fmncies ST A AT [ . 1408
ground clamps .. ..acioneees s i e s n e RO 34
methods of making ............. AT AL A T AL 1034
piping 1033 1034-a
resistance of 1085
to building frames ........ i s "1'03-3-0
topimngsystems.‘..........‘.‘.......,.....‘....‘ .‘ ”““1033-b
to railway returns ..... .”1033-3
‘Ground detectors .......... ... A e e R e ..... ’”1142—'
Grm_;:;d resisiance, checking of . o ....._.,.1_035—5;)
IHAER of ,oviesin
Grounded, def. .............. — e
conductors, eontinuity of 1032
fusing of ......, i ..”1;]32-&2
installation of 1032 1240-a
perteanently, QL Ll e e D N ‘,....‘.‘iozd-def 36
useofswitchon_............”.........,..‘.....-....',..“ '10321.'1-3
Grounded supports, insulators on............ e e e 1247-¢
Grounded system, def. ...,......... 10201:
Ground el:{:duc;nrs. attaching of........ .1031 ~a and b, 1391».&‘ ‘1.4l2'3' b, 1428
capgeity of ..uaanhs
eontinuity of .. ooisisiisie s '.”“!.HNSZI’
current in 1%32-6
;or Igr(])lmnli detectors . ... LR e E 11033;;
or lightning arresters...............
e e ol g U v 1031-4, 1032 b 2,'1032-¢, 10386
i 7 ooy e e
guarding against contact N 1!]:;2-
kit T S o
line, for lightning protection : :gf:_;
material W e R e i 2 o b AN 5
mechanical protection of .. iggg-&
separate, in different cases Y .' .‘ .. : lech 10;;

I 4 el
switches of .,.... St o

Verti TS R TR E ; . . . i . e 21-
cal . I B e A e T e A ..121[}, 1286
Gloundiﬂg, cable E\IIE'.ELthS .‘!'Lll)]')l? LSOO T W B T o L et BB | i =il
M 208 b, 1274-d

gior:{;zlxltlf b R I s sge s ies G e ey wn o0 o 11285, 181854 and b
S e veren 112246, 1818-¢

10
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Order No.
GUEREE = s T e e e i e g e R PR RS ey [ 304,
ABVEEEH  peaiminssa i i R R RS o 11820, 1313-e
BATHDEREIE e srnssm sk i smas g P TP LU eSS o s O -1 o B0
furnace fralfes ....oceneacoees B PN R oy B e ey 1313-¢
fuse CEE08 v e e B P Bt 1 o2 e £
ground deteclors ...:.c. oo A e B A 1122-d
BB i R R A R e A R AR vuwaw s o 11 82=a, 1318-0
BAYE e R T ST Tl L by T o B
instrument transformers .......ovvvevaaeann T e L veesn1128-
lighting HREUPEE « a0 Jaive Ui v iliaqmme 51 ‘..,..‘.1312-11, 1313~¢, 1360-c
lightning arvesters ....veesoceonensans P e et s P co g ey L .
machine frames ,........ AR b B ey e e gy 1122-¢, 1318-¢
methods of ovvveveeanas - R i AT . Bee, 103

neutral conductors .. .ooe v ennnreas - 1122-a, 1313-a and &

noncurrent-carrying narts ..... S R B R T e ewe1122-g, 18318~
orders reqguiring It .......eiaan .‘...Anzz 1142-g, 12312-a-2,

1267, 1313, 1358-d, 1330 -g, 1366-¢-3, 1391-g and h, 1342, 1394 1895
portable devices ........ R R R R R A P b i
gervices, conduit of ..l R R e viaaw s 1313-0
signal lines and equlpment e e e e 180 gk, 1882, 1886
BIETIE  vwvessnmsmn smman s s rsss sossassisnnssnnes i a als wiae TR G B
supports at razlwav crossings ...... o e e ot sl e, | (R
gwitchboard frames .......c.covaann T e R e A A 1122-¢
transformer cases and cireuits ... .. o0 eaas veov o 1122-B and ¢, 1313-¢
wet places .. ... B T S e S T —— 1312-a-2

Grounds.
for: stablonm: el Bl e e e e T T s - 1
separate, in different cases ..... e
testa for ,uonaie i S R R R R S 1421
for utilization equipment. ... 1313 1366 -c- 3, 1391 -g and h, 1292, 1388
Guard arms ... S — - vonw ean s e s 1225-a; 1267, 1275
EaraYaad (ORLL, e Bk e ey P T et 1020-def. 19
Guarding, arcing and sparking PATIS .. .. iave v vsnrns o ngornsanieos 1351-e
are JATODE: e e s s B R £ R S G PP .1 b 0 |
bare parts .coovae s ....,.....‘..........11209&11&?3,15101)&.11&1{:
SOWRICEORS: Wiyl A T T R

1032-¢, 1128-g, 1131-a, 1150-¢, 1151-b-2, 1310- D, 1321-b~ 1 1351-9-2
eurrent transformer secondaries ......ic i i e 1151-b-2
deteriorating agenclps, against ........ e R R N o
equipment ....... SRR Y e A I e 1120 ~g, 1310-a, 1311-c
FUFMACES . .vvwieenavonsns P — onsonn b o W s B AT vau s L3680
In hazardous T00ationg - .oceveesvorasme v oy oo P o o Ll -
lightning arresters ... oo vvq e caanas A A S VPPN o b 7
line equipment on POleB . ivvevieneneisss s ss e .0 I 0.5 /)
live parts in storage battery rooms......... e 1120-e

Of DOMNBELOTE: v s sl i O A N 1348-T

B SERNEE SR R R e ST AR s < 1358-0-6

of fixtives .ol ddaeiids Rl SRR Ciesessaiae . 13801

of rotathg equipMent .. ..v.vieceeosssipiivieiaaian i 188702

of signal equipment ,........ P e e e R e .1892-p

OFf SIETE coonmnim vy g st s Y 13661123.11(16-2

of station equipment .. ....vweeas T R M W [ AT TS .. 1129

of storage- Dattories. . v i saovyosevonau PO 1

of supply line eguipment....... e _,..‘.1204 1214- b 1287-b

of switchboards .....i.oviias T S e A 2 e TN 1120-¢

of switches, fuses and clrcmt.-brea,kem .........

R AR e 1120& 13503‘!&116.3 1351-d and e
ofutlliza,tmn equlpment e s AN ORIy <t TR S e 5
of welders and FUrnaces .. ... .o.ocoioiniiin e ST .1368-¢

e b i PR BT S R e 1293-b
MOVINE -DATEE | .uvv s ms wmm sy e sn srvaswan s mrrns e bt 1 .

ELECTRICAL CODE—INDEX 291"

. Order No.
noneurrent-carrying part® .......een., - STVERSA -, . . 1) b, 13!}2-5.
su‘df:lenly moving parts ..... S ST P T I PO e P 5 ) 7
WITINE, ODBN vuvvvversnmonamns SR P daEE vewiseessis o 1343-ds
of heating devices ........i.c.us ..13;336?-;

Guards for, buildings ....ovvivaevssieiinhonsns e s
ground conduetors .. ...« i i s R s e R
R IR s i R R e e e L 1213-B
manholes ....... S T R Ny Sl e T r——1 1 . 2,
poles: and tOWES ....uvviiisnenenan e S NS
ProtEELion, OF THRIRET | oo 1.0 0hae s sime sk ales o o .1422
trolleys, at railway crossings....,.....,. T R B e AR v 1258~

under bridges ... vee o R S sesvwiani i kB89, 1256<p
VOrtical COUABMOLOTE . o i sis e i s v v aibis i s sewene e 1226-d

Gua?ds. grounding of ......... R chesasnanaranriessasso1122-0, 1818-0

Guying for, signal lnes ................ 1212-a, 1281, 1281-b, 1233’-&5, 1287-j

g.xly:i%ll?jlya:::}?:m: ...... R Voo 13185 1243-q, 1244-a, 1248, 12{;2_
allowable number of conductors carried bY...

WS Y i 5
clearances from, rails or ground g :

bl i sy i s

(21731250 Aty SRS S S S O e SRR _.‘...lzél-a
ERASEEEINGEE POT | oo v pim momp s mimsrss s A 07 8 A e vewl213-4
general reguirements for R R e S e e 1212
guards for ...... .”1213«}&
insulation of . .ivveravnsinies ”.”1212-e
insulators for ........ R e e e e Ve e 1213a to g
omission of, on signal lines at CTOSBINES. . . 0vrnnynns T i e el 28T~ b'

strength of .....
b e e ..‘...13430, 1244~
used with, steel supports .....,...... 2..4* a]a:ﬁs;

wood and concrete supports....... SR -
glLe Yo e seaeean..1244-e, 1281

2 zal 5T 0 TEE 5 T R I St . . .1213-¢

insRIators of ..ueevns o, 12134; b. d,
; -, €
mechanical guards of guys........ e e ELSE R e a o o st ;i ffzridag

H .

Halls, 8See Theaters.
Hand lamp, portable . .....vws osiee v, i
Handhole. See Manhole, der
Handrails .u.ua. N A e
Hagzard, conditions nf ...... .
Heat, dissipation of, in manholes
Heat eodl o000 ik
Heating devices,
flexible cords of

...... st e e e e . 18460

w o st At Lol B R0 M et 20
....... T S NS LTIt by i 1o 1
...... TR A TR NSt [ 1. £ 0,
...... . e L [
SEA R e R S e e e e L. 1882-a

; T IR Ul eI, -1 5, 5 |
uar R
guarding of R A T R R R T A e e ve+a1367=B

1> Grae T S —— 1368
Household appliances, See appliances. a1 i e
Hydrants, clearances of poles from..

I

Ice on conductors, See also B £77s 5T
Identification of, eireuits ..
grounded conduetors .,

vl b A 1211

s 134T, 1248, 13?4-{:, 1281
S R et SR A |- - . ]

switehboards ..... T o R L R .... 11?.;.42

station egquipment ......... S AR
T SN e A P
utilization eghipment .....,.. 1 13;:

s b
e AL e 1340-a
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Order No.
INMumination, of stations ........i.0. TR S st T 1111

" atorage-battery YOOIMS ...veveescas A et P R [ €O
switchboards ..ooveenvnsnesesan 1111-0
THEALEYE .W.wwnees L et e nehary:. 2808y 1358
utilization eguipment. See Industrial Lighting Code.

Inclosed, def. .....ccovenennn O L O e - i ... 1020-def. 22
PUBLR. L v s alaiesa i a S b R e B T T s At e v e vy tEDE=D

Inclosure, guarding by, arcing and Spﬂlklllg PAPER n i wis . 1141-a, 1851-e
conductors. See also Conduit......-.c.ciieareeains awesws TIED, 1310-b
Hwe parte . i s o g Fniiuiies AR A A A T v e s 1120, 1310

of furnaces and welders ,...... A R s T R g 1368
of rheostats and resistant devices........... R e g

..... . 1854-¢, 1868-¢, 1355-0, 1358-e, 1378-g
‘of ‘switchboards ......... o L O L venene-s-1120-g, 1854, 1374
of switches ......vvi0in e e e I el ,.1120-d, 1350-R
PANSTOPIIERE yooai b sy aak b ey e Lo TAA B0
Inductance, ‘aVOIAaNeE 0F .5 sy v eny e e s s e AR 10

Inflammable gas and flyings. See Ha&a.rdous Loeation, i
Inspection and repairs ... . .00 SR e A e K WA e S e . 1012
of ground eonnections ............

BE protective deviées ........ .00 .

Of HIENa]l TINEE .. peansisnmsagenedonisnsneeesionsduans Ve e 12802

of supply lines and eguipment. .......... o A e .1244-¢

Installation, methods of ............. B L, IS AN A AN ) 5

Instructions to employes....... ek m s el Lt o e e L L 1401, 1405

Instruments, switchboard ..... T s e KR A ceeess1148-¢, 1354

Instrument tPansfOrMIErs .ot evehbes e sis s sy e vonedboveoes 1122-b, 1161-b

TEgulated, @l ool i e s e e A cieae s s ens s 1020-def. 24

¢ Ingulated mats and platforms. See Mats.

Insulated wire. See Conductors,

Insulating, blankets and shields..........coiiiinmeeorin. s AR T PO £ 511
canopies of fixtures ...... o Pk T S ME B LT e I 110
gloves ‘and wearing apparel .....ce.eivecaneanan e 1406
FATata,  off FXEUYES. | coon feeddi e b A I T bl o e

of ‘garial BiZnAl CODIEE «iyarseedin ioe ey s esass s enss oo baILAD
mats, floors and platforms ......oohviiviniisimmevn 1120-b and e, 1406
7 1o R SRR s s e e e e T < L)

Insulation, def, wouuivei e viiidaniin e i die s R cevenae 1020-def. 25

of condBetorsg e i eins e s

1130, 1181-0, 1321-¢, 1342-&-1. a-8, d-1 and e, 1343-g-1, and’ 2 1851-¢
of Iighting BECHFES | i s usemails i e e 1812-a-2, 18360-0
of maehines ......... B R e M B RO Ay RO 1120-%, 1357-a
Of BIEnal GEHIEMIBNE 1y v e ror v v o e b wle et e e e LTI AL 2
of i terminal DAaSEH ... invmw v wwnsma s ey e vve . 1150-d, 1357-a-2
of vertical and lateral cunductora T s - L ) 'anﬂ ‘d

Insulators, for conduetors.........ccv.i-ovian T e LI L

ewseane s w1180, 1821-a-3 a,ml b-2, 1330“ 13436! e 4, k and 1
BOT FEUPH 5 s s R e D e R R S 1213-a to g
For slenal Iaes: ol odim sl sa RN R sE 1283-b and ¢
for 8pan WIPEE v irasnsiinsenas i P A R U s
for storage batteries .......... TP - L i S PG Ve e Ildd-d
for supply LNes ...cvwonemas e —_" D TS S T
for suUSPENSION TODES +vewrsssersncrasasens yusers s Lold=f, 1383-¢ and e
suspension, increased clearances for...... .....+,1220-b and d, 1222-b

Intensities of i{llumination. See also Industrial Lighting Code........ 1111

shEdnbed, A s e s e e R R A TPy 1020-def. 25

Isolation, by elevation, def. .......... vevavel020-def. 26
of current-carrying Darts . i.iceviven cieaen s e 1120-0; 1204-0; 1310-a
wlgradl, Boem .0 asheaniiaieiy U A B R A Gt RS £ 2
storaEe: DEALETIeE [iiidiiiain g s nain i d s mhddd s T s s nr i v iEG e h
suddenly moving parts ..........0 PP T £ 2 1120-d, and e, 1851-¢
transformers ......... AL AR Tt .. 1356-a

ELECTRICAL CODE—INDEX : 293

J .
Order No.
Joint use, of manholes ....oeevviviin e SRS POS——— LTI WY LTIEE: ]
of poles, avoidance of conﬂmt‘ T 5 .1230-&, 1272-a
by ecabled lines |127§
by open lines ......soceeeenis sateerd oaditen aipavsin s TETRE TEHS
clearances, separations and relative levels..... s ivdei e 12 T
CHMBING SDACE o vw s vt vssisienesnms R e SR NP Sl 424
conductor SUDDOTEE ....ovveresnrioarasainnes e L+ 18T 8~0
extensions ....- R BT R A N Ty L BNl L SR T AT A
grade of construction .... . ceineneees veewa 1234, 1272, 1273, 12'1'4
longitudinal stresses ... iiaiciiieies TR A VEPO W VSN EI TN
strength of poles ..o s v L L e VTP ‘..........1272!3
transverse Strength ...« ioie e mssahaion s s i +128T2-d
Jointg, insulating .....oiiaieaiiiiiiiiani i aadlstines 1360-¢, 1391-b
in conductors, taping Of .i..ouiidvvasadneash e e 18331~ 1340-e
b3 L5 21 (] 7> SN s e gt st s ssreina Pl S e
Junction boxes ........... IR e B A A e RS P P 5 1330-1

Keys.
of radio signaling apparatus ..... e e e SR A B s | BB EE

Knob and tube wiring (Concealed).
avoidance of TNAUCEENCE .. .oawsmcnns smmesin s ey fxas sblene caed3 400
broken surface af outlets ....vivvivvniiavaas T T T 5
AEbTE WIPBE | i i e s ackiatalil s s i s a A s e e« L 4B = A
flexible tubing ,..: .+ 1343-h
flush switches ... i 21360-0
T 7). S e S e L P eI e e R T T 1343-¢
TR s N C R s A s P A R e
insulation and DBrald. - ...cwesse swsnsssns sasalinmeiesesss . .1343-a-2
joints and splices of WITES ...vvvrvessonnurinnronsaerassoosslddl-e-l
mixed Witing cviesvvnvsnvmsvsimess s S e R s s S s A A ST
protection of cord at outlet boxes .....cevvvvnsonans bt g bua i 1346-1
protection of cord at Sockets .....uvevuanensimiiaeies R L s . {5
receptacles for portable attachmenfs ......cicevvevininneaaans .1346-1
mepAration Of WIPeS il dviees s iissny el des s e v n i g Srex8
gplit knohs ...... AN e LS e v e 1S A S el

BRDDOIER . s i e n w8 e cavi alilaa- 1843 -anl
surface snap switches...... Faia i s e e ea R S i e TS5
tie TR o iard cnmn fsren ke & P N YW R E e L e PR e i 2 2

wires entering 0abillets ....ucvvovarrponomaciioail ST e e S B BT
wires passing through walls and ﬂnors i L 1343-11 2

Ladders, for signs ......... R R S R e = ey P 1. 1P
T s [l 7 e A S R S RPN S ok e L e s B 4

‘Ladder space off BUAING .\ .cutosiiisesiiasansiirnnsassnsraszssrs L2080

Lamp sockets, See Fixtures and Sockets,

Lamps. See also Arc and Constant Current Series lamps. y
clearance of, on jointly 15ed POIBE +.vvvvrsvnsnenesonnnrsnn vaens 12TE=F
L et e o BN A M L ¢
for garages (portable}...........icvevns e s & L) LT
gas-filled incandescent .....,.......0 0 spes 1881
ha'ndling'nf‘...‘.x..‘.......'... 3 .1218-b
for hazardous locations 1121 1312 1144-e
locationof‘..... ................ o e e 1111,b,12160
materials of SUSPENSION TOT 4.t ibersvsvneainsonsbense, 1216-b, 13638
PAETEHEY VEDOF TRTEDE L o w i e s n s s e bae o s s momena & & 5 5m w84 4 v 1382
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Order No.
portable hand lamps......iveevivien e B b N PO |- ' 72 ||

o0 Poles and LOWELE tuuuvruenrueser e e enns Lo TP, 112
N Stations . ..vvvvivnrnvrnnenn ooy R R 1111
I ERBRLETE 10 wwievinimimmmss v mgmasss 1313‘ 1373, 13?7, 1378 b, 1879-¢

Lateral conductor, See Conductors, def B R AR AR 1020-def. 27

Lateral working space. See Working space, def..............1020-def. 28

Laterals from underground systems................. LR e v T 2B R

Latticed structures ...... R R b i e TORE-

Lead sheathed wire
in conduit in damp places....,........ s e o LA SPTCOR, L 1 3 | %7
for high-potentiales .......... D T T NP I £ [ o L'

Lievels, arrangement of relative...... it acae st SR e v+ 1230-0, 1273-d

Levers, protection from suddenly movmg Sae Aming and suddenly
moving parts.

Lighting, See also Illumination.
decorative. See Decorative lighting, A

. outline. See Qutline lighting.

Lighting Fixtures, exposed live Parts of. .. ..ocuer s s onnnseas vee 1360
grounding of .i...... Wi N 8 W w8 R 2 1313, 1312-¢-2, 1360-¢
ENATRIE OB i 000000 a5 0 womimmiun ooy i ete o e T »o1813-0-2
installation of ........ A
in stations .......c000.. iy
IBIEEION 08 ovopmrmmomonpgonss e e R T g e A E Vi el e 1360we

Lightning arresters, for car houses and FEEAE Sk aa a asls Jh. 18450
ChIEe OIS TOP. -y i s SR s etk AT T RE S RE TIe o [ 1457 A

- diseonnecting of ..i.iiiiiiiieaa, R e ] LR TN A e 1 7
- ground-eonductors for,........ il +.1031-d, 1032-b-2, 1082-¢, 1122-4

for services ......... e 1325-¢
location in stations ... i
where required In stations ..........ceesonen A R e 1143 -1
Lightning protection wires, See also Ground wires.......... L1218-b, 1246-b
R A0 T i U —— e e e S o 1220~ and B
Lightning rods, ground connection for,...... i S e R Vi i 1038
Line conductor, def....... e R sk T D e D B 0LEeE. 28
Lines. See also Supply and signal lines ; live lines,
construction of, general ...

P LB RE: £ |
isolation of ......

Sl TR N R vt e cma, 2l L4 cees 1204
open, def. ~....... TN P S L . I [
Shla et Ty Lo e S s YY1 « 1208

b P T T O30T e e I Y 1404, 1405, 1408
not worked omn, clearances of vertical and lateral conductors from. 122§
climbing zpace of .....covvvunns T S e S R RN SRy (L T
vertical separation ,.... SR S e S s s S S R L BT
per'miasiontoworkon,byemployes ..... RTINS A e S O 1 3. 5
reporting elear ....... B R S s L s R b e . 1420
Live parts. See also Current-carrying parts, def,. Foidoa
care about, by employes............ S S e e ta 1-101 1408, 1424
handling of. See also Live D6, . ... ..\ oernenn.. T ve1424-
underground, guarding of.. ce 212970
working on .......... e i S e T G il AN
working space BRIOUE v v e s s A i T R .1120-a, 1311
Loading for, flat surfaces.,.... I e, .1
d8ttioed BEPUCHUNE. o vrim mvmeninimio s oo e s s i P sy e 4 B ATl
BN BABTEE w0 e i s s s i e R P 1
signal lines, longitudinal ...........000.. R 1281-b, App. A-4
transverse ......... AR AR R o e B ace ,1281-g, App. B-1
Supply cables ............ R R A M wmmne oy st we R T A0
supply. lines, longitudinal ...........covvniinn., cewnen. 1241, App: Ad
TPANEVEPEE " i s v ss brmnrmrn e as morp s F A DD Bl
vertieal ii........ v senern s wve e 1 088=1; 0 and e, App, B-1

ELECTRICAL CODE—INDEX 295

Order No.
e frgeen
Locking and Blocking ....eveeresaiessnisivaineaaiies
Longitudinal conductors or rung. See Racks. i) w
Longitudinal loading, table ..... LA 1230 b 1231 1-2.374;,
Longitudinal strength of signal 5 DU i R -b, " i
of supply conductors ..........o.00 e A §
of supply lines, special reqmremcmts. SO e - T
Loom. See Flexible tubing. i
Loops, subscriber’s signal .....vvesiiihanieoiea.. T, 11du d ' i
Low-voltage protection .....oo-couee wo R T

-b, | B7
Machines, rotating ......oovonesreacinrans TP R s &) .3 11?;],20];1--i
Magnetic forces on confUCLOrS . .....vreesrasririaiiannan ey +

weseaws s s X010, 1OEE
Maintenance and TFepail8 .....iversrserrtnaranasaaeaes T

signal HIMEs: ouss vviuninsis oy ewisessesnyesmnes s aians X
Manholes and handholes, def.......00000 T A ——— .1020 d].E;fE.!z?:aﬁ,

BOTErE TOL v 3l e o wil Sme el W alei s ves ‘...‘......“‘....1292_0

dimensions of (.. ciiiasrads s iR s W S R

" v wey ww LS
drainage O ...cvivresrvrsiaisireaisiiai kR .1292%
entranee . th .eseassssis ¥ fhraaTa, Sy ””““““““““.izsa-b
gaards 10T cosvvnmmms e 1295-3'
Jointly Used .iesennesavnogpediiiars sy R ea ...‘.....‘...‘:1290_0
location of (.iivesasessnein A ”.“”“”“”“”““1232-@
minimum strength of ... .o ceviirvrnrincnn. ‘.‘......,..‘....1295_}3
openings, clearances of .......... T ——— “.”'_.“H”““mg?-c
supporting cables In .. ..icsiiri i ‘.........1_2924

i o X

Ma,nufa-,cturing processes in stations ....o.000000n R .fidilcmizl}f?ﬂ-i

Marking of poles ........ Ceeeeeenane =) "

Mats, floors and platforms insulating, as guards for St
live parts of machines.......oveeeeun, o e e (e i
gignal apparatis ....ccaciriarnronons B R B ....1.1204_1

uipment ....ivriii e I
::ﬁi?;h;::ﬂf T B A R e eeee eaeen e e, 1120-0-4, 1120-g-2

Materials, approved ..... ..o ve00n Cee e A 1;1-;

Mechanical data, copper, iron and steel Wire.......cvvevicsvre e 80D

Mechanical protection of conductors...... N AL S TS
1032-¢, 1120-g, 1150, 1131-g, 1150-e. 1151-b-2, 1310-b, 1321-0-1, lsu?l—fai

Men at work tags ....co0000varises M et ...‘..........‘..‘1283_!

Messengers, required for signal cable..............................1_274_0
supply cable ..,.... s e Ll M e s
twisted pair signal conductors......... .....”....,.....1283—:1150125:;;

Metal cabinets, general regquirements ......ousveeeseannensonee. 1180, 187

Metal molding. See Metal raceways. Lt

Metal poles, See also Poles............ G T R T o ._‘..1%5_?}
grounding of L ...ci i iiie i i e s e _,..‘.‘..‘...,.‘....1205—5
gagrding’ of il e R R R K aa exin v g
use of guys with ......... e g e A s ‘1333-5

Metal raceways, circuits, number permitted in.......... R S T .1%33 2
o waihoctes 4
fittings for Dranch tADE. «« . s sasvnrr s nmesreaa et tantesss i;zﬁsﬁ:i
floors, passing through........ R h—— T R
location ..... R T N A S A AT R R R e I”“““1.333.3.2
partitions, passing through....... ..., T R T e .134_2-(1_2
aplices 1o, ... vaeaii A TR R R R R R v Soontig
serews and bolts for.....avevasaaan e S e ..”.‘...,.‘..1‘3424‘1
wires, insulation of.......... R P e e e -
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Order No,
Metal-sheath ecable

in conduit in @amp places. . ......urrerrnnnn wdiisoneats e bl e d b w L W TR BT
for high-potentials....... R N A e el T e
of signal systems...,....... b s s o s cwnilinvi s R T80 1B
Meter loops........ e R A R e B RS 2+ = /N
Mleters, use of switch with............ bbb e Mg S ante 1§ idsg
BYOUnGIng ofiv. e ssins S R g g Ve s 183130
Meters, water, ground connections near,...... SRR N cve.1034-a
shunting of...........h. A e Ty S Y PR EPANTS Wt BB
Minor tracks, Het 0f. ... iiiverrnnesnnonnsns e e e 1233-b, 12325-b
Mixed wiring........ e AT 68 Moot A Rl b ) e T U o—— R 1848-1
Modulus of elasticity, copper, iron and steel......... T . < S AN
Molding, See Metal raceways.
i 7o o S e T TR R N ST ST R i S AN ey [ &
Motors and generators. See also Generators, bushings and bases of. ...1357-a
drip pans for)..cuveecinn F e R R R R s L. 1867-b-1
in garages....... AR R R Y G i verse1383-0
grounding of...... R R TR S e R e R e e e e 1313-¢
guarding of.oiivuiy i R =T I ik S b s s 04, kil AU .. 1310-~a
BHATES PO e i s R WAIE DR S TIPS, & {4 73 )
high potential, wiring of ....... G e e 12367-4-2
low voltage, protection of............. i e R B e A e +1357-d
reverse-phase relays for.....ovhvvevnrnenns ;
T BEAHIONGL  oinoioarinie ol o wte e o laies (o e N e A 5 vveos 11608
for series-multiple operation................... R S e veds a0 s 186 TR
ahged MMItatlon of covuwimmnvaime s, Syl il Vv 1367-¢
of utilization installations........cccvuuunneiin., il R A 5 - -
ol v D R P (O RS e ML AN L] e 1357-d
wiring for...,.... B ey renT A I IR v».1841-D, ¢ and d, 1357-¢
Motion Picture Machines and Booths..... B et b L A o T e 127¢, 1379
Motion-picture Theaters, See Theaters, )
Movable equipment ....... ot ah S .. 1020-def. 32
Moving parts, guarding of . . .ovvvnnn., T R [ & -1 ]
Multiple connections, underground appara,tus ...... S e A S A vk 1250
Multiple grounds 1031 b-T, 1033-d

N

Neutral eonductors, grounding of. . .....veeevnonsssessss .1031-g-1, 1031-b-2
Idedtfieation: B creisimuaimicatiis s T TNE o weve . 1840-a
IntereenterHon DF . iR S e e iale b e S e s e e 1341-f-2
gize of1341-f-1
use of fuses and eircuit-Preakers Of........ooeeevnnneers ..., .1083-a-2

Hew:, COnBEUAEION v et v a0 i 4w s e N 11

Non-combustible CONStTUEtION «...vvvvvrnunsrnsrenaransan, 1141-0-3;
1142-b, ¢-2, and e-2, 1143-b, 1151 -, 1353-0, 1356-¢, 1358-6-2, 13T4-c

Non-current-carrying parts, gmunding B v enmsia eerasaas0a1182=0,,1818-0
guarding of.......... Wi v e e e e e e e e e o BB 04D, 1898eg

Numbering of poles......,...... vl e R eres s 1204-g, 1217-g

Obstruction on poles. . ...vvenen.n.. Y e T e et . 1885-¢
Oil-filled apparatus, lightning arresters............. waaiy e gk e s 1148 -0
b L T A | e A 1120-d-1
transformers ............ W e s e e aess 11510 1858-0-2
Omission of guys, signal line CroSSinE8. .« .o SR S wieaatesn w128 =B
Open wiring,
avoldance of IMAUEEANEO. v vuuvis v v ie iy sy dai el dies sa e 1840+
dead-ends ool v e e R 6 e e e e e L A R =il
flexible tubing PR e s s s bbb sann bt anress s 1048-0 1 to B

ELECTRICAL CODE—INDEX - 287

Order No.
T L TS R o AR (] Bl Lia e .1343-d-4
TRFILEION . oshs v pte s wali s s v ettt A A A 1343-a-1
insulation and braid......... PR LR T L SRR Sl £ % 1 §
Joints and splices of WITeH. .. s vvvevwrvias v s s viae s s s v s 1340-g=1
Hireime ML R el e e R S R T S a0l S 1
Boparation of wires....i o diisiiiania e cahaeilen s 13481
separation from other wires or pipes........... P e e | L
BUPDOTES. Gy i i e g e L P o RPN PR 11 30 5
wires antsrmg cabinets, . ... iR R S o W B PR A PR AN SRS . L
wires passing through walls a:nd AGOTE b svnies Sl L L A L S R
broken surface at outlets...... ety o TP R MLl Iy
5 N sitaratr Al S TR A e
mixed wiring....... T W A A A P T S S AR R vewe 1834827
protection of cords at outlet DOXEE. couv e iviisenioniin vein .1346-7
protection of wires at S0CKetS. o uvvweursrensieain .........“....1345-15
receptacles for portable attachments...........vvovoiviainn,.. 13461
surface snap switches: . .iii.s v einsiaimesnn e R T e R vevais 13505
outlet, def....io.0.. R e A R R e T e R WA 5 ek L1080-def, 3
Outlet boxes and plates...... Teesenenenenn e d@80~f-1, 1330-g;, h and 4, 1343-m
Outline lighting,
cabinets .. .... Ly e — —— e ootk e e s O B G
cos T Al s L O T LR 1855-a-8
sockets and receptacles ,........ R R 1365-b
BWIRBR 5w mmn s smams T e R s et 1068
WIEOR 108 oo wons s o s orsiadam oo sl st S S S .1365-a
Operation of electrical equipment and lines.
saoption6f by atilitheans oo sss s iR R e L T
@istribution and posting ofi . i v maiain il LR il e RS
knowledge of, DY @IDIOFEE. o v o ivviisanesancscnn s stonensse sy 1412
PR PO 3 i s s i st A e Ll e AR g v Part-d
Operator, Chief. Seé under Chief Operator,
Organization diagram ..........oc0vnvnn.n e AR MR U R SRR ahes | 1418

Painting of steel poles and TOWErS: «..ov s huvn o vrmesons ot divuil, 12439
DR O, B L L 5o st oot i g b L A L B AT et «s o 1020-def. 35
for lighting distribution systems.......covvuvin. s P e BT
for charging in garages..... b PR R R R e AT e S Y
Passageways, working space not used as....... i e P EAIE LNt & [ k2
Pendants, Bee Fleéxible oorQ8.. i viviviimas iaiisin s i S s 2 g
Permanently grounded, def. of ... cuviviiieuan it aise s ien e 1020-def. 37
Phase failure. See Reverse phase relays.
Phase reversal. See Reverse phase relays.
Picture machine eguipment and BOORHES & o ov smmcesncnem aen mesmnomosnaos Eb By S0
Pine poles, ....ivv. . e R S <o cADPD. B-1
Pins, insulator, dimensions of.......‘.‘.........,.......‘....124_5_—_9, 1283-c
DAREOFIRY | POT, o voaevisimemrinmon s aie 06w e s s o T o e RN o
BEYemEEh Of. ... v wawasewen T 1245-d, 1248-b, 124%-a, 1272-¢, 1283-¢
THEE,. BEretural BEEEL, . omese s i dsme s s e e veins s 1243-a
Pipe connections for grounding...........ivueeene.,. iivve..1083-D, 1034-a
Platforms, insulating. See Mats,
Plug connecters. See Connecters,
Plug-type: Doarda: . iuidsiadviniviois iarmsis
Ll R T R e S e e
Poles,
clearances, from conductors,.,..... .1221-a, 1226-b, 1227-a, 1270, 1287-d
EPOM WY ATBINEE . « fivo waomnnmmsmas wesdaiig sk bildar 2olino o gageiod
oI, TalB. oo v esveveiss Pasesessnenasanie .. 121150, 1268, 1284p
QOBEPREE: o v wamu ey P T e e i e it LA S o o S b 2
deflection and deformation of........ooveuuunss. veee el 1240-g, 1280-¢

R ML vraaay sy 1120-e-5
L 1T S TPEP NP T PRIy 1)1 191 £ - 1 |




208 . INDUSTRIAL COMMISSION OF WISCONSIN

Order No.
depreclation of ... . 0uiaus R R R AT e soecADPD. B-3
depth of Betting. v vvavivi e vas v Ve s see v LABS 0 ADD, B4
distanece from street corners and eurbs...... ... ieisewsi1811-g and b
S R B o S R A ety - 0 £
foundations ........0c00000 R veaesnyo1243-a and d, 1244-a
T T o) AR SR S N A e b Ly e e Tt v 1211-0
identification of........c0iviuiinnn SOV | I T 1217-e
DOBITITE w5 vt pinm s s i o L K A R L g o B
2 s T o | L T T T FAISITATI - 2§
longitudinal strength of, special €888, . .vvuvvivaiverssnssnnrrsss 1240
maintenance ofi. v i o avve a2 DD B-n, 1244-b and ¢, 1280-d
minimum size of ... .ivevnen s s .. 1817, 1244-d, 1283-a, App. B-4
resisting moment of........... Ao e e ot S sADDy Bl
calowlation ofi. . raveiiriansain. S PR SIS - < LT ey ~ 3
gelacted . ..0nvaeanen. N R N Al e s vevse 124450, App. B-4
aignal line........ T ety v P I ST W) 1283-a, 1288-¢
BB o vm 0 0 8 B ST B AL N i e v vanens 1543
strength 0f. oupvn e e smm same pewseseresas v M7, 1243-q, 1244-a
when used jointly.......c.o.uns cewwaes 03 .1272-0,1273-a, 1274-a¢ and b
stresses in, maximum...... R 1243~a, 124d-n, 1283ra
transverse loading on........ o0 e hesaren . 1242-5, App. B-1
vartical loading ofii...vevaivna, RS vevessesa1242-g, App: B-1
e 1 MG e R A S RO S P oy R R cwe o 1344
fiber stresses N.........cov0peeaan B AT g - B
L ¢ vt LT L Pl S P v..1204-d, 1226-0
Police-alarm apDaratis. . ....wonsos o i e et Ay log ) N,
Porcelain insulators......oeeves e L R e wrwie e i B4 T-0
supperts for storage ba.ttenes R S S e . 1144-d
Poreelain terminal bases..,............. ..... AR st A B g
Portable cords, See Flexible cords. . ........ e BN R T D TR L1 .
Portable eguipment, def. ... .o iiiiiniiiodiiiaiie e en1020-def. 39, 1346
Pot-heads
in stations...... g g AL L R B L e 1131-d
of utilization installations....... Porworruracs v w6 e e oy LT =gt
FPreservative treatment.....ooveees S0 ol e B e v eeesshpp B-l, B-4
Prime movers, epeed Hmit for....ocvvvvvisevnsris R R AR . 1150-g-1
Protecting, Bee also Guarding; signal appartuts..1301- b and e, 1392-a and b
gtation equipment...... e et o 1 o A 0o M B
wvertical and longitudinal conductors:...... e vews1225-d, 1286-2
Protection against induced voltage. ... ......- e R e e 18920
Protective devices,..,...... s R L L e S e A S e, SR
Public garages ...... e S Ao o 1380 1331 1382, 1383, 1384

Qualifiestion of employes, def. ... .coovnnaiainan P — 1020-def, 14 and 40
TOQUIPEIMIBIIEE 4 L i ah e b e e T e e e e e S e s e . 1400
Qualified, def........ A R I W B R e 1020-def. 39

Raceways. See Metal raceways, def, ... ....covvianiivies veees.1020-def. 40
WOOHBR wanaivme viome soovwymamwes v wwseses I RO 3
BECKS Tt TADHOLEE -« oo 1o mmisg oo im 56w masi s mwnnpin saiyr s s TR
on supply lines, vertical....cvveeeririosronnas DR 45 S s % 1223-9‘_
climbing space for......... i ST S i R R e A )

Radio sighaling apparatus.......... i R A vaie 1G98
receiving Stations oMLY . ..ouivvs s seasssseonsssaarenyrerensees 1894
transmitting Statlons. .. cuviiii s e e R e B O
RAAIUS OF BYTALION o voonpvire v vwoeonasaesaiononssiinesisay s enss 1243-1

ELECTRICAL CODE—INDEX 299

Rails, Order No

olodile bhat da of ol NS M S B R R R P 1 1
L L e T R N R FIE RS T e e R B )
clearances of DOles FrOML . v vu s v s ivliy avm s iun s veen 1213-0, 1262, 1284-¢
Railway construction, electric..... .. ivivivunzann PR N e s © i
Railway crossings. See also Crossings, by electric railways.. ...
agsuring against 1oss 0f DOWEL 8.t v ernnnnrrennssnnrress - 18bb=a
clearances, of conductors above ra.ils‘...‘.........‘lzzoaandb 1850-d
of trollexs above FEEE. .. v eees w s e o o
Erade of coBBErRotion Bl e e onsssss s paei i wissseeesoes Toggs 1236
Raijlway, feeders, See Feeders.
) awitchboards ... v.v.vieaes s A S TR D e fowe 1180-e-3
Receiver cords, telephone. ... ovivnainason A R A 1392-b-2 and 3
Receptacles, plug.
for flexible cord connections,......... AR R s P R L 1346-1
for portable attachments, ... vvvorernerennen
GEOULHDe BRRERE. | . .. s bt S e SEARC N A NS,
(o 2 BTN gL SRR AR S ORI L Br el TR o e g
I BN it f g e S R e S e e S AR b B e
Reconstruction, def. of. ...., ... R R e R b e vans e+ 1020-41
Reduction in number of conductors permissible.
signal lines crossing railways. . ..ooviiis i i R e .. 1281
signal lines on joint poles with supply Hnes. . .....ouavina. e TR
Redwoad peles: .\ iiisviiiis i £y Y R R A LA . ADD. B-1
Regulators, induection, on poles. .......conn.. 1214
5 CET NG ok e o RO PCXE St A I T A8 S ..‘.‘.......‘..1244Bandc
Relative levels of WireS. . .vuveunevianereras cieivvese s 12300, 1254-¢ and b
on jointly used POles, .. vov i uiuariinn a e s e e e e TR0 TR A
Remote control....... S R R T S e e i 1120-d-1 and 4
Repairs, Iepection @nd: v vt bien i oinsan s s e e e sl rrya e 1| B
reporting defects. ... ..oo.vwinins L A R e MR M . 1412
Replacingaq-u‘lpment............. ....... ROAAD ARyl B ot I band ¢, 1280-f
Reporting defeets. ... i ceaiiiininaiss A AT e L T S e AEYD
Resistance of ground connections,,.... el el o TAJATE Ll o vaw 103H
Resisters :
OF arg JamEoR, @00« oiinetia e ses i et e .
Of ODDEPOIIEERL | oy s s s e

s s s e ek L DG -0
........ e ST 5y 15

of eranes....... S A R S I s e R R PR T
in picture booths......... SR R e e .. 1378-f
rheostat connections. ... ... vaivvividaies e U o L NI TR B4 31 2

Resisting moments of poles............. AN e e T M o e s ol PR Bel
Responsibility of employes. ........... A e e SRR R
£ = F I D g e (e e e e e s e M LA b AR
Resuscitation. See First Aid.
Rheostats. See under Resistors.
Reverse-phase relays..... s e e e A e R B e ersss s 13678
Rights of way, construction on fenced. ........c.eun T LB UL DRS P 7 g B
Risers from underground sySteIllS. ... vuvvsarsesnn el i R T
ETOURMIRE oF. O cah i innhak i e T et ek e L R
BbekRs e R E  S T A R e S e e g .1243-a
Roadways, clearances of wires and conductors above.. ... ... .vovuenn
e RS ea e e e e e e s se e d B o0-, 12605d, 12660 andd 1257, 13683
FLOCHe, SEEINE OF DOLEE. T0L. oo xe womisomn 50w v oo nt s v siace e e e 4 JApp. B-4
Roofs, attaching conductors 0. ....vv0envivnsansnrnes.1210- b 1228. 1395-a
BEATEEIE i o B A B i e e e L B
Rotating equipment.
devices in addition to speed EOVEINOT.....vi.ie.sineersesno., 1150-a-2
generafors. .il.eeies e e S e (B o S
limiting speed of D. C. motors...... I e A e e L) el
limiting speed of prime MOVErs............ R S e e B
TGRS o IR AT R SR b it i ohod il v awne vy e L1B0=d, 1367
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Order No.

SEOPPINE AEVICES 1. vnssrsnnssvrnmannssssasssssnnsssessssssny, . 1150-b
wiring of speed limiting devices........o.0vun IR\ s |
FUITET TETOREET s v e o167 vV o i et S, A YR R
Rubber-covered wire...... 1342-a-1, d-1 and e, 1343 -1 and 2, 1391- =€ 1321-¢
Rules, book of operating....... A LA A A i RS e R 1411
Rural distriets, def. of...........

Bafelty APDUHANORE e wis sl v imimie d e s e e s o kR
Safety belts, Inspection of..........co0viuan R R A e o TR
B T e e y  d e o R R R i | LR
Safety switches ....... 0000 S G o 1180-d-1 and 4, 1360-h and 4
TSI M T U e e 11171 1 U R A )
basis of computations............. B S v T e L
COPDEr CONAUCLOTS, TADIBS . « < v v s v vrr e ewnssoeeesanss Fom i v DDy As],
different. on EAMe SUDBOYES. i i ewesm wseeme e s n e sams g || Land
increased clearances fOr'. .. v. s ss vissewes A TN £ .- - |
iron and steel conductors, tableS.. ... covvveviennesrin o ADD, A2
readjustment of ... .. a0, S A T e R R R R 1224-5, 1246-d
signal econductors ...... . 500000 e s R 1 £ e
SUPDLY CODTUCLOPE &\ iias vas gl slviylnvs asispopeiais .:1246-¢ and d, 1254-c

| HEPVECR. 18R viivea v e deie e e Se A e S R, bR
Scope of orders, on EroUNdINg......ocneeesaepineran A R TR A 1030
OXL: SEBEIONE: 1o vorn e mormmen wirie s amm oy soe v s s M R W Sec. 110
on storage hatteries..... S ra— e e | e i o o

on supply and signal lines......cevssaissonrraensnes it g o SRR

on utilization equipment........oeueivsearersasees = L
on Signal eQREDIIETIE . e v s v iis s s oo s e iR Eis 1390

Herews and belts..... e R R S T A S e v+ 1333-d

Sealing conduit, hazardous leeations...... S B R e e R R T

Secondaries, grounding of. ..o eiieiieirannnisarasss:11282-g, 1313-g and b

HOlEBEAN DUIER. vy s dhm s s am e i e e ks i e L gy, iy Bk

Separation of, bare parts......ovvivnrrarnrinnesnanes
v+ 1120-8-1, e and h, 1142-¢, 1310-¢, 1811, 1840 b, 1358--7, 8, 3 and 10
cables, undergroufid .....wssecsasvens e e S o b e ot e o DR
conductors, See also CleAranCeS ... .c.vevsssrssesnsionaneyinns

...... ciieseses.1821-g-1, 1343-d, h and j, 1365-a-7, 1391 j-2, 1395-c
chorizontal SUDDOXER. cvvewi s TR R s e el AR d g, 1822
DHAGCETOME s by &5 i s e vt e S e e 2 ]
where attached to bridges............ A R e s LT
where attached to bulldings. ...ooviuiieaiviieraasess veisina1228-8
Hnes 1ot Worked on BIHVE. ...veesaascn s seaioms sasilssowss ssb e sns s LOBS
wires and equipment on joint Poles. ... averraeganaas e - L

Series circuits......‘..‘.................................1323-&. 1360-f-8
DENBIINE DF woumims s oo ssmn s st mas @ e v sbm s mm g oy LARE
IEOIERION OF v wiom o winsandas e a o S0 w51 b s e s .. 1323
position of ....oaoaan T S P 113 [}
precaution when Working oON.....vseiessreresssnsnsrsvavinsvrss L1429

Series lamps. See under Arc lamps, etc.

Servive; def, ol ivEian ik sy sie R e Seeravsadaeesc1020-def, 48
interruption of .. .. iavisesns i nenanre e sane A I R £ 2
maintenance of, on lines.......c..... e e e S PRAPI S I 5 |
T T T A o A fe N U

Bervice (supply) leads, size and BaES......vveesesvmrvana wosnpnae oa. 1210
cahled, size 8Nd HABE. ..vxvvn ey ir st T b L
CONRACHIOTIE OF uvrws o s o eisia v e s s e 256 50 6w meiem ks o 1215

Services, crossings of in rural districts..... e e e PR
fuser N s Ee e e e R T v e e R
separate to each bulldh’lg..........‘...;....‘ ........... veree.a1320-a
services of T50-2,500 VOItS. . .vuvuiesiiueirvumiisias P e L

ELECTRICAL CODE—INDEX 301

Order No.
EWALEHER R it wwessmidnsm e anes i b 00y Ceranvaenseeenens s 1324, 1325-0
street series (,ch:ultb S — e - O - Ao g 1 o
trolley eircuits «..o.i0es OO L =S | T Dt e £ .
Services, overhead.
CLORTRICE 0o s s Cinia i s e s e 4R DI S NN B3 B
Arin Toops: e i s e el SRR T A e e e chesssal821-b-3
insulation of wires..... e kAT AT A PR [ [
minimum sizes and sags of leads......... L e P R b 3
separation of R e S R b g v e el e
BUBDREIE oot s s inis st s ey AT R R TR e e B L, 1821-a-3
where conduit 18 reguired. ... covvrenermrara sy ,1821-p-1 and 2
Services, underground.
PrOPRAEINIL O MOAIOR . v mseinibis s cbions Nein siyreisys amriiliw i n B 0 e win o ,1322-a
sealing service tubes.......i-... R R A N ok vov o n 18222D
Shafting, guarding of . ... oo iaaiieaan R P R & 1 B )
Bhields for signal cords.......... s R e i e esee TSR
Short-span crossing construction............... 0 A267, 127h-a, 1287-i
Signal sguipment,
bushings at wire éntrances. . ... vvoeedvn i rnnrreaas IR ..1881-d
Hrtpy TOWBE 2 b e hibasaie bbie pas pam s e e S e veon1381-d
ARGD ROTRREL L ke b s e s 2 L S B A DT e cewe .. 1881-2
guarding of current-carrying parts........... b el BRI T
guarding of non-current-carrying parts........... P 1392-a
insulating jpints in cu,b]es R 3 3 e AR ol L M e 1391-b
PEORSetorg: O vile il et d s T e e v e R AR T T 1891-e, 1381+
protector ground Wike: . obikilss vt brmnnh i s vei sne e s o g L
protector ground eonmmection. .. .. i ive e e e i aaa e ireeea s c1391R
protection against induced voltages........ovveevinean ret e B 42 P
radio signaling apparatus. See under Radio signaling apparatus.
transformers, el ..., nenpieass T S e TR B L
wires outside buildings............... A G SN R e I .1391-a
Wires 0 DIrotectOr.........oiviiiuneciiniiiiessiiaiasyeens o 1301-f
wires, dnalde DUIIEINE ;o vosn b s m as a6 -as 85 s 450 gt -7 U
Biensl'Lies, dof. .. ds el v s . O verssanies . 1020-def. 47
ALONE ‘i s ek (7 B e e e TR e .
classed as supply lines........ S R s e S R A e s ey 1200
clearances. See Clearances.
eHmbing BPACE ... L deddisama v i e R e
conduetors, See Conductors,
crossing or conflicting with supply lnes. . ... .. ... ... vea v e s 1084, 1287
crossing over trolley contact conductors......vveveesssviaria.ns.. 1286
crossing railways grade of construction. ....ovivievveennnn 1235, 1280-a
FEERELION BE s e a R o ik NN A vn wewe 1380
maintenance of ..... I ror N ML A 3.1
minimum sizes of material..‘..... s bl el RERE
relation of crossing span to ]ma ..... 1282
strength of constructlon. ... v iiieaaia . PR R .1280-b, 1281
nndergroumnd’ [ iaLiiy diee i e e e e (e s 1585
fire-alarm lings ,........ ...........'........1280 b ana 0, 1288-a¢ and f
grounding, lsolating and protecting........ivvcaavsssrsanss vae..1288-f
Tooation of slgnal HIOEE. . oo v enmremnn pmmanss s s inneysesss s sl BRGE
on joint poles with supply linesg, 3
avoidance of conflict......covoiiuann. Lo .. 1230-d, 1272-a
signal lines above supply lines........... i o aeae g e TS
supply lines above signal lines . ........00. B L L I CR N 1.1
with cabled supply lines......ioivvieanans SRR e I o ]
Botag BoP e st s i N e e s TR BB, LEESS Now. BRed
“rulen for, BMBlOYEE. . oo D s e AR 1 A
L1105 Ly oy SRR e R e DS SR e SRR S S S E S L
short-span construction at erossings,...... B e Ee i e iy ra e g 12874
spemﬁcatmna ..... A R L e e 13_8b, 1289
used only in operation of suv])]y lmes ....... S | ) T 52

RS 1 2
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Crder No.
Signs.
accesslbility of ....... S R Ly W T A R 1366-0-1
connectors of ..... | b S O S L. o R A 1366-b
Erounding of .. ...weroneninay R RN A B R T R 1366-¢-3
guarding of ..... S R S - R e R ciev e 1866-0-2
in stations ....... AR e e R AP L
O BB o soisissns b s A U T e 1204_13, 19251
EWAtEheg: 0F. s e i e e AR e i ek ety L1366
warning and danger .......... R R R N R B i b e L = 1
Slack in gverhead conductors;........ M g ke i e e T o ov o 1246-d
Slow-burning insulated wires............ N e 13424!-1 1343-a-1, 1340-f

Slow-burning weatherproof insulated wire....,
Snap switches, See Switches,

N 1343-0-1

Sockets, connection of identified conductors to................ voow-1380-5-2
i s A B AN S D R R e re w1360, 1361
for portable hand lamps S R S R e e PP & 1 1 0
guardlngnfhvapc;rts..,... ....... s R R a2 A
in hazardous locatlons. .............. Wi Al T o Samii e SO Ee PSS
for -outline lighting......... T R e 1365-B
protection of cords at...,.. B P e s L

Treceptacles L.......en .1111-B, 1346-f, 1360-d, 1865- b, 1875

Spans; averaged ............. . D B R A I ...1242-{: to e

increased clearances for long BDEI.I!S‘ ........ veeena 1220~ and &, 1285-a

length of signal line at railway crossings...............91288%-¢, 1283.d

lemgih OF BUDPIY MG vwrshsm s b sa e s sy e veve 1218
Hpan wires, clearances above rails and ground............ van e 1320-a and B

clearances on Joint DOleS. . it teiin s e ensmen s e\ Bl 1872-f

insulators for L O TSI i s A PSPPSR . - = S ] 10
Sparking parts. See Areing,

S_pecial Drecautions; SUDPIY HIeB. . vu . ey sse s sessimns s v owe 1210=h
Epeslal Pt eMIGHERE. i 1. vvoeieirn s nin oo e s e s e sise v e LEBEL 18370, 1880
Specifications, electric railway eonstruction........... A M = L

signal line constructmn....................‘........‘.‘..Sec_. 128, 128
supply line construction..........vvvivunnn......Sec, 124, 125, 128, 127

supply station construction...... b e T R PRI~ <7 Al B i
Speed control and stopping devices, .. ............. eon.1160-a¢ and b, 1857-¢
8plices and connections

N BUPDLY: GablaRm. o i s T s et s g, Sl e P b v +1274-8

location of, in L e TP R M 7 5

of utilization equIDMEnt WATIE . « . v vy v s re e e e oo vwaasa T3 Eee
Bpurs, See Climbers.
Stage wiring.

bordérs ..........

A P A R A AR AT B R L0 1375-0
CODBEOEOEE .. vra s sl e e e A i e L1877-b-2
enquipment of pic!.ure hooths b R R ey W A R et AT e 1378-e
ﬂaxihlacorz!_s_..“.......‘.... ..... e FIERUCFER O A SN - 7
Lootlighs: v saaian ey R T e S vaw 13TH-B
house light control in picturs booths. ... ......oovieonnoinnn. . d878-F
lamps in pleture booths, . .. .uue s sernnn.s AT S R o ,1378-b
motors for curtaing...... e L o i, TS
PLOE TEESDEROIEE .. o v soers e s s s divnomio et e TN RS RN S 11 L 3, 1
portable are lamps......... T R R e SR T Ay ARGy b 5 52
portable picture machines............. R R R S A vaos. 1878
vortable PIUEEINE DOXES. .. viviveivaneinineresornios T A 1377-b-1
proscenium lights ...... e R TR FE e Bl LA e aba 1375-b
rheostats in picture beooths........ B T T £ AT AL PP = L i ]
scene docks ........ e RPN | . ¢ -1, |
special electrical effects.......c0.evinn... AT S T A T i
string and festoon lights,............... e S R ++:1375-€
Strip 2nd buneh Hghts. .. ..o e enanseresos oo R 1375-0

switehes in pieture booths.,.......00uun.n vy e i s e T8 TR
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Order No.
ventilating flues ....... R e M T veie s 18TE-B
wiring of pleture booths. . ... vve i e AR e <o 1378-¢

Blarters Lo s R TR N RS S e v 1350-a, 1355
Statiang Ael: susv sl S AT s e R R i L R L
CONSEPRALIBN 'O« viiie s B Welnhisa e SRR AR RO e Y See. 111
hazardous locations im......cecevevaee F TP R R, e e 1121
identification of eguipMent.......covveonssnassrsarerssrssanssas ?L123
L TE oot b o o e i e D e 1 13 )
T e e S B A R M L R U - ¢
protective grounds fori......cooueien A N A | e
8CoDe. 0f orderS: i v i S A R T T A VG e 0 A Sec. 110
ventilation: Of e wwmn s saiaiim e e s b i e Ve e e ek vaesen . 1110-D, 1144-0
WROERATEE  Bee. i e R R A R S R R A L 1120-a-1
Steel conductors. See also Conductorg............. 1218, 1219-b, 1246, 1283-d
mechanical data for....... e o S A e App. A-3
Steel poles and towers, BSee also Poles...,... ..... R R R wee 1243
Bteel, yield point of......... B D Bl o L
Steps, clearances of vertical conductors from......oovvvvuvrvnnne-o.,1226-a
LT e SR S S L S 1120=b-1
BOIE! e R T N P e T B R e SR 1204-d
Stopping devices ...... R e R R w5, Wi A A T e 111
Storage, in supplystations ......... A e BN s SR S e I PSR
Btorage batteries, guarding live parts T 3 TR L oy T ey D APy 51 11, 1
hazsardy ol LG Vi e 5 R e B RO DG & | -
llumination of .......... SRR s e sl saain SEEE e 1111
12 L el o A M s T 1144-d
tsolation of .....0cnunn -, AU o o L O Sl 1 ) (i che..1144-b

TOOIOS, IRITDA o o vm e e o v gk s aton b e s w4 o ol
CORMICEOPE IR o lvsammn wms os v S s ie s st i s p s, uv s TR

floors of ..... S T R SR AT R T R S R 1144-a
ventilation oF o ssns s R R e e 1L
Strain insulators. See also Insulators...... At R R 1247-b
Street openings, guarding of. i i ivieais e T S 1422-a
Btreet railway ecrossings, by signal Hues. .. ..o veivnierivnsnse e 12350
by supply lines........ e R A R R A e s e RS e
OF VRIEPOHIEE o5 e an i mims A it S Sk b hon kb b m e e Boce e w1 R
Strength of, cable TNESEENEEISE. . vomr e nnesrnrs srnsorasssa 1274-¢, 1288-f
CrosSsarms. . ..... PP £ 420, M 8 1245 b, 1248-b, 1249-a, 1283-b
longitudinal secttuna of special grade‘.‘.....‘..‘.... ...... v 1EAD
TR e e T T e e s B 1245-d, 1248?.! 1249-a, 1278-¢
poles. e T T e A A 1217-a; 1240-b, 1243-0, 1244, 1288-c
oIty mEed! Josaaldelai i v ade nesarai v o 1272-b, 1273-g, 1274-B
transverse, speeial requirements............li000. T viivene 1248
Strength of construction. See algo Grade of construction.
plactrie. rEIIWRYE .. vy s e R e R A SR R ws o HBES
minimum Teguiremnents FOT. . oo. v s ve s o v o i s 1201
signal lines crossing supply lnes., ............. veeivess1287-a;, b and o
AR TRINOIE wioanl Euhisada s s i aiae i Gl sl Seihoing a 128 T
BUbpty TPEs; oo Ll s s v deraiien 1240 to 1249, 1250 to 1258, 1260 to 1268
gpecial longitudinal ....... vasessssessns 1248, 1250-B and ¢, 1270-g
special transverse . ... .....0000. R, T T Y w1248
supply and signal lines on jomt POIEE. v v v v ww s s rarsrs s a0 t0, - 33TE
Stresses in, Conductors..... e E— . e 1241, 1246-¢, 1281-b
copper, tahles.. ...... iy e e A AN A=Y
[-qh ¢ CE—— s m——— cevvenaven 12480, 1244-a, 1281-¢ and b
EISENEEIC. wovaiaie s uva v e v e R R R e vee. 1120-g-4
Polag, Bonorete: o ocuvs RS TR S e T e eeree e 124420
BEREL e i e R S e e T T A D e i e e e e T A N
i i e e S g T e AP e ++1244-g, 1281-g, App. B-1

steel and iron CoNAUCLOYE. .. vc v inesanoss s vtnmnsnsrenes s iDD; A=D
Stringing wires L LT T T sy PO I 3/ {1
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Order No.

Btructural steel BT B s e e R T R R R s s vones v 1243w

Structures. See Poles,

Substantial, def. M S T S LT T TR s s e wins SLBDOBE 4%

Substations. See Stationa,

Subways, equipment 1 D R

Suddenly moving parts. See Arcing.

Bupervision of employes...”...‘.........‘.A.‘...‘....‘.......1401, 1402

Supply lines, def. of......... ST AR A 3 e s TS LR
alone N LA T O RPN 1 R 1L L L 1251, 1252
branch connsctions m‘.’ 1215
cables. See Cables.
clearances, See Clearances.
climbing space
conductors. See Conductors,
erossing or conflicting with signal lines,....... 1230-d, 1234, 1270, 1271

oo S A ..1120-a-4, 1121, 1312

T = tereanne 12250 and ¢

crossing railways, [ 2317 ' R sessenaeena. . 1288, 1260, 1267

underground R U ok e B T S ceveen.. 1288
crossing trolley contact COMAUEERR, vy i i, b i, T )
Dokan: Bt e S Tltmereressssvais i ioaase. . 1248, 1244, App, B-
rules for employers and EMBIOYER. 3« oot wiis i iini g R e .Fart 4
short-span construction at croesings................. v o LB Ty 1LATE

speciﬁcatfons...............‘........1240-1249, Sec. 124, 125, 1%6, 127
Supply stations. See Stations. )
Supply egquipment in fac'tories.‘.............‘..................1101. 1301
Supperts, conductors, See Insulators, 3
for contact conduetors...‘...‘........‘...‘.'....‘.. ..... 1265-¢, 1868-0
for rheostats and 8- 2 A S R RPN & 1
BRIG lovimaiii i SR T
Suspension insulators, inereased clearances for.........1220-5 and d, 1222-p
Suspension material for street PRI i st e s sonmonegies LA1BEH
insulation T e TR 1 5 M |- T
Switches, def......‘........‘..,....‘..................‘.....102'0~de13. 49
Aaccessibility AR R R s
'arra.ngement....,...‘........................................1350-?::
blades dead when Open‘.........................‘.............135._0-.‘4:
capacity of ................
clearances .......... XN A R R v e e e .. 1850
contact and blade r‘equirements.................................1350—3
flush type (snap or bush)....‘.............‘.....,...‘.A....‘.Isso»n
for car house-and}'ards...‘.............‘..‘..................1345-!1
for eranesg R R R S T SR S s s o LB BB
for dimmers ...,.... ' s 1R T4
for motor Hta.rting....(........‘....'....._.....,.................1350-)'
foroutlinelighting................‘........‘................‘.1365«d
for services 1324, 1325
for radio equipment........ e L e i e N U
for migns i e R R R e S AL T T
for short-cireniting and grounding. ...oouay il .1140-¢ and -1142-f
for temporary wiring.........‘..............................1850-:;—5
grounding of cabinets for......................................1313.~v

guarding ..... . 1350-k
3 e A e e s as s 1350=0

b S A L B B T e e R A e e etk Syt

b L S O R e Rty . ¢ B

HIBICBEINE e e smis sns
in pieture haoths RNy

in stationg LA TR S ARAR v s et e S ere w a s RIS 0 1140
installation in groups,.........‘.................‘.‘.......‘..1_350-1%

locking and blocking L2 = W ST SR e, (117
nuwmber of conductors to he disconnected.,........‘....., ..... .. 1350-d
operation of S e R A e A
of supply and signal 2 o 1 Y veeee 1806-0 and b

location on poles'and towers

T I 1214
surface snap switches,......

sesees o 1350-0 and p
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Order Nu,
titne switches: .ovoucviin. AT Ve ESEERERE L b ek SO W, [+ 1T 1
to disgonnect all ungrounded wires,. . ........, ...... wibse sz orlan 1350-d
where reguired in stations........... T 131 5 .lljtl-b
where required in utilization InstalALIONSE. . .ouuy s e essenrnn. ++13850-a
SWitehboards; Gof. .. .ovroesnnseens A G R “.‘......1020-61;?; 50
accessibility of. ... .00 eiiniieiinn veweseraassyi 11420 and b-3, 1354-a
arrafgement of L .eeereeses e o T BT, e T S e T e 1142-g-1
=170 G5 ey || S 0 P R A v maiive s 13T re-1
grounding nen-current-carrying parts of.. ... ... ... A, .1122::3, 1313-¢c
enarding Tive partsof i cn. i v ilaiyan ceens 11805, T3AGE, 13],0-{5.
HERGIEE o i s S T s a S sk baiibi sotiesd T, [ 1.
identification of equipment............. 3o o AN oS e 2 e 1142-d-2
illumination of T T LT S N PP 0 AN W SN b 1 L |
instruments .. ..0.000n. ..., vesegren sy 1142-a, d-1 and e-3, 1142»5:-1
location ........ T T ro—— S AT A e R .1144-2
o i B B R R R R e .......1142_-0—:.
IR e e et e A 1120-¢-3
railway ..... y
aeparafion of bare parts on... . T ARt ST sl T P i .1310-3-
WARINE O < oo s e G TR el e o LN = 1142-p-3

Tables.
allowable number of conductors in a eonduit, .., ... . T in J.’}B_'._L—ra
allowable number of conductors on given pole....,........... LApp, B-3
clearances, wires crossing wires. . ............ S— T T 1220-0
wires from grovund or TS .....v.eenrossen S ey RN 1L Y )
conduit, size for given size and number of WIPRE. o .13314—;
depreciation of wood polés.......en.n. .. S R T i .Ap_p. B-5
InpaIator test VOltame . ..o v v« onornnin samns SRR A S e s v . 1847
isolation by elevation,.,.......... A A AR Al B PR +1120-a
mechanical data for copper, iron and T} 221 B S P e wa DD, AT
minimum, horizental eclearances and separations. .. ... 0., _132_1~n-.
size of eonductors............ S I vo- s 1218, 1246, 1283-d
sizes of messenger cables,........... o =il iyl e eo 1283
slzes of service leads:........... e AT ey s dB19-D
vertical elearances and separations. ...... T TP PR REE ) 5. S
pole-setting Aepths .. .uvern s vurennsrean. RSl Ry SRS SO R otl - Uy 17 3 Al - =
e GO TS T TN S S Nl i T S RSP 6 6 o 3-4
required conductor clearances and separations, ... ... R vea. L1222
registing moment of poles......... et S Ny App. B-1
resultant loads on conduetors, ... ..., st . LADD, A-4
sags, signal conductors, eopper and steel,......... . Syt Jo o AL 1283 -
supply conductors, copper, iron and steel. . seresee o ADD, Aele2
stresses in coppPer CondUeEorS. . v vt innnrranesnns Ay cesADDL A-T
tensions in copper, iron and steel conductors, ........ A AP A-1-2
transverse force on conductars. . ... R T S i e App, B—l
vertical loads on condnetor supports. . ......... A ey S App. B-1
Wires, earrying Capacity of. ., .. ...omeean s, i 1341-a
working gpace about live parts,.... e iy a1120-0-1, 1311-D
i TR M, i R eSOl .+ 1020-def. 51
remagval of ..o e R a s e ey A = g e chs L
BRERBE it s e e S |-
Taping ends and joints................ ) et T ceeaa1131-g, 1840-e
Taps, location of, in croseing span...... o s ST, R TR eI £

Telephone and telegraph, apparatus. Sce Signal apparatug systems,
See Rignal lines,

Temperatures, of rheostats and resistors... ... R 1356-¢, 1358-¢-2
Protection against execessive.....,..... SRR 1121, 1312-5, 1342-6
Temporary construction ...... e R PR HECI AR, e 1000

20
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Order No.
Tensfons iy, cable Messgengers. ........c.veous R R st TAB -f
CONMBUCEOTE « os sb s snpmaa e s sureaysssnamaliidiiasil srca s Seveesis 12460
copper, tables ...ue... B AR ) 1 1.5 e i P U App. A-1
iron and steel, tables........ ... .. o L Le ey O N W 1) o Ol Yot
Terminals, identifieation of............ Yy 131:1
Terminal bases ....onbeven SR O P IO DD 1 S
Test rooms, eleetrleal. .o virivrs oo aneansas ewn s slsisrs v we 1000
Testing, of ground resistance........... e e e o d 0 db=D
of insulation of interier wiring...... AN SR v AT 134.<|_
Tests TOr StRel COWRES. v vy e saeasassnsoeiiiedasivmiioe s i stesa T E43-0
Theaters, dimmer switehes of. ... .. it ave i 1374-D

dressing TOOM JAMDB.. .o .eerurereransssssins s ialioniaiis 1373
emergency Hghting of.....cvvvrrrvrvessmmsirneeinesns bbbt 1371
LTl G T T NIRRT an L P ——— W i T R B i
friclosure 6f AIMIMArB...iviv s ies s rnsissssssrssrsyae s PRPTRAN: & & - 1
DR RBORIRLE: i s i e s e e e s s ke W T BT A
Thermal protection of conduectors....... caoviaaerie Li %Ly 1 8B L 1341 g and ¢
PRI R e vmais e e e i A e e et L TR R
Tie wires and other lastenings for, signal lines: i rvaliss a2 830
supplyllnes..”..................‘.......‘......‘.....1245.-13-, 1272-¢
o e S S e e e e v
Tae-boards for floors, DlAtforms, SEATFS.......evivivareesensrane. .. 1112=D
Pools, 888 i vnamseamy s -4 3 1))
Towers. See Poles.
ks, MOT s vl s i e i b v s b e sl L V1B 9EERL T8 -D

Transformers, auto ........ .0 A e e o B G B s i Ll BB =D
grounding of ... .o .00 .1122, 1313
guarding of ........0.00 A S e IRl By ety ceee1214-8, 1310-8
ingtalation OF ... oaauss R S e e ..1161, 1214-a, 1356
of drainage eoils,.......... i kA B ..‘..‘..‘1392:.’:
VAUIEE Bl <o vl s g s e 4 e sien el SRR ‘.‘Ioﬂo-dff, ai

transformers N ....o0.000 bt A g LNVl 00 PR B Y

Transmission lines. See Supply hnes
Transverse loading. See Loading.
Transverse strength of line supports, signal.

lines at rallway CrOSSITEE. . ot oiiie s oraruseansaon viase 1280-b, 1281

1L 1730 b § o 1 A e O TG S R R cewe s 1240-D, 1242-D

averaging, three poles.......... i el o i .1242-d and e

ppan lengthg .....00e 0040 PPt S et S e T e 1242-¢ and ¢

special reqrements ... ..o i 1248

with joInt poleB. . ... . eveverrneresessnascin, e L

Traps for drainage pipes in manholes...... Sl d X ALY, ‘..........,.1292-6

Trees, attaching eonduectors to............ el N LTL L S A S Ly ey 1

protection from ..:aiidnaeisasi cieanessseareeone 1207, 1266-b, 1287-g

Bl B e e e P RS S LR AR LS, € & ¢
Trolley contaet conductors...... e e o R S R A A R e

Ve e w i LR D, 12D8y 1341—3, 1345-a, 1358-b-5, 6,'? 8, Band 10

attached to bridges... ... o v cdiinuimlirarivas s, .122%9-e

clearances above rail and gm‘und.................‘1220—5,_1255-0 and d

guarding, at rallway crossings........co0vveein S R A el B

under bridges .......... P B G IRL i Cineiea. . 1256-b

P BT 111005 (oo 12 AR G SR LS I 5 8 A e HBEWEE= e P00 5

on commonly used poles... ... .oveunns TV T IO I L Lo s, 52

on jolntly uaed poleB. .. ..o avs i iauias e S RS LU . 1372-F

Prollay: Teo@Bl: e oo sl Sl e 1220c, 1333—-? 1254, 1255-a
Tunriel. Sees Subway.
Pwisted-pair signal conductors..,................1234, 1283-d, 1286-a and b

ELECTRICAL CODE—INDEX 307

U
Order No,
Ultimate strength of copper, iron and steéel. ... ......... cow:1248-a, App. A-3
Underground, cables. See Cables,
conductors. See Conductors.
conduits and ducts. Ses Ducts

connections to ., e 5 A 2]

equipment, multiple conneéctions of SR Ll gl I T 1
PIEEPET i e o binm -, ERR s SRRl ) e N 0wt e b R o e T
gignal lines crossing under railways............ e LR 1286-a
supply lines crossing under rallways.......co..eves szt st KRR
Batetnl TOCALINL Bl vmndir s e B s b s b e veese o1 280-0
Under-voltage protection .........ve0ee e TR AR e 1150-d, 1357-d
Hrban distrivts del. oo i viseasie B S R cieos1020-det. 53
grads of subply: HUnes dm e vivur il e vaie s viaile Vi s w1281, 1261
Utilization eguipment, def...... S T s T e A e 1020-def, 54
classed as supply equipment............... R - |
congtruetion, installation and maintenance................ smewws: 1300
voltage Hmits of oo v vn i rnrnnnnns T m— w1300
v

Vapor lamps.
high potential tubes........... .. SR AR R s T B BB
TREROHEY s i s Sty e s Sl e e s LB we
Vapor-proof globes ...iivienirineinnnns N g SE—— i 5 O 1 0
Varnished-cloth insulated wires........ e —— 1342-¢-1, 1348-a-1
Varnished cloth Wire, ..co.veenrvrnernn,. N S s e e R
EEANSLOITREYE M1 vuvvie s nmass i B A e e D e
Vault, transformer, def,...ovivavaivansinis R R S .. 102052
Ventilation of, manholés..... A 30 G A A S s R .: 12924
Sabiens v ey ery e R SR R N R T A e e 1110-b
storage-battery rooms ...... e e e e [y TS SR JA1ddap
Vertical conductors. See also Conductors, def................ .. 1020-def, 56
5 F ot o e P e P s e L vesrnss. 1223-f and g
BEPATRLION O .0 rernssnuan nrmnnnoranensrnsns n— 1223-¢ and f

dieplacement of crossing span, signal lines over railways.........1282-
loading, See Loading.
Visitors, in stations and substations........

R O e e o e vwaaws 3405

NIRRT, v aumicsih e o sme s sy s wasv e aie o 1080-~def, 56
classification of, for wvertical sepa.ra.tion. Ty R 1
high, increased clearances for......... cee - 1220-b and d, 1222-0, 1265-0
limits, for utilization eguiPIMent. ... ..t iornroneessennas 1300
protection against induced, in signaling systems............ voes o 18980
reducer for radio equipment,,..... S e s s s o dm— s LBDR

Volls, See Voltage,

Warning and Danger Signs...... R A 8 R R R st A0
Weather oon@iions .uuwssassimems o Soimmemm s s T T S e i 07
Wealherproof CaBes s s ohas dvoe i e e N 1312-a-1
Weatherproof insulating covering. . ... A A R i1 .5 1=

Welders. See BElectric furnaces and welders,
Wind pressure. See Loading,
Ve B, el 1o vv e v e s s e e b bR i 1020-det. BT
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 .........

tesisersiesaaaeanes 1181
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