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AR R ]

BEFORE THE
RAILROAD COMMISSION OF WISCONSIN

[U—2776.]

IN THE MATTER OF THE ESTABLISHMENT BY THE COMMIS-
SION OF REASONABLE RULES AND REGULATIONS GOVERN-
ING THE CONSTRUCT(ON, OPERATION, AND MAINTENANCE,
OF LINES AND EQUIPMENT OWNED, MANAGED, OPERATHD,
OR CONTROLLED, BY EVERY PUBLIC UTILITY AND EVERY
RAILROAD ALONG OR ACROSS ANY PUBLIC HIGHWAY OR
PRIVATE RIGHT OF WAY OVER WHICH ELECTRICAL
ENBERGY IS TRANSMITTED, OR MESSAGHS ARE TRANS-
MITTED OR CONVEYED,

WHEREAS, An investigation has been conducted by the Engi-
neering Department of the Railroad Commission jointly with the
Industrial Commission, involving the establishment of standards
of safe electrical construction and operation, and

Waereas, All railroads and public utilities under the jurisdic-
tion of this Commission and subject to the requirements of Sec-
tion 1797m—1020 of the Statutes have had proper and reasonable
notice of the hearings held in connection with the aforesaid in-
vestigation, and

WiEeREAS, As a result of such hearings and investigations the
Wisconsin State Electrical Code has been adopted and promul-

gated by the Industrial Commission of Wisconsin as their Gen-

eral Orders Nos. 1000 to 1499, inclusive, effective September
13, 1922,

It Is Trererorz Orperep, That all railroads and public utili-
ties subject to the jurisdiction of this Commission and subject
to the requirements of Section 1797m—1020 be, and they are
hereby, required to observe and conform to the standards of con-
struction, maintenance, and rules of operation as established by
the Wisconsin State Electrical Code adopted by the Industrial
Commaission, copy of which is hereto attached.

This order shall supersede and take the place of the order of
this Commission with reference to standards for the safe con-
struction and operation of electric systems decided April 30,
1917, and any amendments thereof.

Dated at Madison, Wisconsin, this 12th day of September,
1922.

RAILROAD COMMISSION OF WISCONSIN,
Lewrs E. GETTLE,
Henry R. TRUMBOWER,
Carr D. Jackson,
' Commissioners.
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WISCONSIN STATE ELECTRICAL CODE

INTRODUCTION

By Section 2394—41 to 2394—70 inclusive, it is the duty of the
Industrial Commission to fix standards of safety in all places of
employment and to formulate rules and regulations relative to the
enforcement of such standards. It is further the duty of the
Industrial Commission to fix similar standards and formulate
rules and regulations relating to fire hazards or to the prevention
of fires in buildings so situated as to endanger other buildings or
property. In performance of the first duty the Industrial Com-
mission 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 Electrical
Safety Code were necessary, and at the same time the decision
had been reached, that since safety and fire prevention are inex-
tricably interwoven, the safety and fire prevention requirements
should be combined in a single Electrical Code. With this end
in view, the various organizations which it was thought would be
interested in assisting in formulating such a code were requested
to name representatives to serve on an Advisory Committee, In
this way the following committee was named :

€. B. Hayden, Madison, Chairman of Committee, Railread Commis-
sion of Wisconsin.

John A, Hoeveler, Madison, Secretary of Committee, Industrial Com-
mission of Wisconsgin.

Dr. M. G. Lloyd, Washington, D, €., U, B. Bureau of Standards.

Thomas Broughton, Madison, Wiscongin Compensation Rating and
Inspection Bureau.

George . Cooper, West Allis, Wisconsin Manufacturers’ Association.

Fred Gratz, Madison, Wisconsin Federation of Labor.

A. J. Goedjen, Milwaunkee, Wisconsin FElectrical Association.

Paul C, Burrill, Milwaukee, State Association of Blectrical Con-
tractors and Dealers,

Frank R. Daniel, Milwaukee, Wisconsin Inspection Bureau,

F. H. Runkel, Portage, State Telephone Association.

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

T. E. Barnum, Milwaukee, Hlectrical Utilization Eaquipment Manu-
facturers.

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

J. H. Florin, Madigon, Industrial Commission.
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As in the case of the Electrical Safety Code adopted in 1917,
the Industrial Commission acted jointly with the Railroad Com-
mission, which by Section 1797m—1020 of the statutes is empow-
ered to make and enforce rules and standards to safeguard the
public and to prevent service interference in electrical construction
and operations. This action was taken to avoid duplication
by the two Commissions.

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

G, C. Neff, Madison, Wisconsin Power Light & Heat Company.

G, A. Mills, Eau Claire, Wisconsin-Minnesota Light & Power Co.

@, F. Crowell, Milwaukee, Wisconsin Telephone Company,

O. T. Reiss, Chicago, Western Union Telegraph Company.

J. €. Martin, Chicago, Western Editor, Blectrical World.,

@. ¢ Post, Milwaukee, Milwaukee Electric Railway & Light Co.

In January 1922 the committee presented a draft of the pro-
posed Wisconsin State Electrical Code to the two commissions,
and on March Ist and 2nd public hearings were held in the State
Capitol at Madison on the code by the two commissions jointly.
A number of suggestions for modifying these orders were made
at these hearings ; all of the suggestions were given full considera-
tion and thoroughly discussed by the Advisory Committee, subse-
quent to the hearings. Most of these suggestions were considered
as very good by the committee and were approved.

A final meeting of the Advisory Committee was held May 2nd,
at which the proposed Electrical Code, modified in accordance with
various suggestions received at the public hearings, was unani-
mously approved by the committee and recommended for adop-
tion to the two commissions.

The code as presented by the Advisory Committee is based upon
the two excellent national codes, i. e., National Electrical Code of
the National Board of Fire Underwriters and the National Elec-
trical Safety Code of the U, S. Bureau of Standards. Valuable
suggestions were also obtained from the Electrical Lode of the
city of Chicago. :

On June 5, 1922, the Industrial Commission, pursuant to Sec-
tions 2394—41 to 2394—71 inclusive of the statutes, repealed the
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Electrical Safety Code issued and effective since July 1, 1917, and
comprising general orders 1000 to 1390 inclusive. On the same
day the commission adopted the General Orders, published herein-
after (1000 to 1499 inclusive) and collectively known as the Wis-
consin State Electrical Code, pursuant to the same section of the
statutes. On August 14, 1922, these general orders were published
in the official state paper and became effective on September 13,

1922.

LOCAL ELECTRICAL REGULATIONS

Section 2394—58.1 of the statutes provides that when any
orders of the Industrial Commission have been filed with the clerk
of any village or city, it then becomes the duty of local officers to
enforce such orders and thereafter no local officer shall make or
enforce any order contrary to such orders.

However, nothing in this Electrical Code shall be understood to
limit the power of any village or city to enact and enforce addi-
tional 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 in-
terior wiring to be done in conduit for a larger variety of buildings
than this code does, and where such is the case the local regulation
must be met. In other words the State Electrical Code sets forth
the minimum construction requirements for the entire state, but
where local regulations are more stringent, in whole or in part, the
additional local requirements must also be met.

Less stringent local regulations are held to be amended or modi-
fied by similar orders of the Industrial Commission.

ENFORCEMENT

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

The Railroad Commission will inspect the properties of public
utilities, which in the main are covered by Parts 1, 2 and 4; the
Industrial Commission and local inspection departments will en-
force Part 3, the requirements for utilization equipment, which
includes interior wiring and the installation of all current-consum-
ing devices, such as lamps, motors and heating appliances,
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INTRODUCTORY PART
General Requirements, Definitions, Grounding Methods.

Order 1000. Scope of Code.

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

Bxceptions: 1. Temporary construction may be used for a reason-
able length of time if it is under competent supervision while it or
adjoining electrical equipment is alive or if it is protected by suitable
barriers or warning signs when accessible to any person, without fully
complying with this code; but all such construction shall be made
reasonably safe.

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

Note: The orders of this code establish the minimum standard for
safety in the construction and maintenance of electrical equipment.
It is fully recognized, however, that time will be required to bring
properties into full compliance with these ordeérs. Their intent will
be carried out if they are applied in full to a’l new ingtallations, recon-
struction and extensions. Existing construction may be allowed to
remain, except such as may be unduly hazardous, until worn out or
ohsolete,

SECTION 101. GENERAL REQUIREMENTS.

Order 1010. Character of Construction, Maintenance and
Operation,

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

Note: 1In all eleetrical work conductors, however well insulated,
should be so installed that the possibility of a leakage from conductor
to eonductor, or between conductor and ground will be a minimum.

Order 1011. Use of Approved Materials and Construction
Methods.

(a) Materials. No aterials, employed in construction cov-
ered by this code, shall be used which have not been '1pp10ved by
the Industrial Commission.
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Exception: Materials which comply with the construction details of
this code are hereby approved.

Note: It will be the policy of the Commigsion to approve materials,
devices and systems which are listed as standard by the underwriters’
laboratories. Therefore such listed materials may be used without
submitting them to the Commission, unless upon due notice any such
materials have been disapproved by the Commission,

(b) Methods of Installation. No methods of installing elec-
trical materials or devices in construction covered by this code shall
be used which are not approved by the Industria] Commission.

Order 1012, Inspection and Repairs.

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

Note: Repairs, additions and changes to eleetrical 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 occurring in these orders; terms not defined will be under-
stood to have their customary meanings:

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

2. Autowatic means self-acting, operating by its own mechan-
ism when actuated by some impersonal influences as, for example,
a change in current strength. Not manual ; without personal inter-
vention. Remote control that requires personal intervention is
not automatic, but manual.

3. Circuwit means a conductor or system of conductors and con-
nected equipment, designed to carry an electric current.

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

5. Conductor means a metallic conducting material, usually in
the form of a wire or cable, suitable for carrying an electric cur-
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rent, In this code when conductors of the bus-bar type are re-
ferred to, they will always be designated as bus-bars.

6. Conduit. (See also Definition 11.)

(a) For underground work means a single duct or a group of
ducts for underground conductors, _

(b) For utilization equipment means rigid metal pipe.

(c) Flexible conduit means flexible metal tubing into which
the wires are drawn after the tubing has been installed. Armored
cable is similar flexible metal tubing in which the conductors have
been inserted by the manufacturer.

7. Conflicting or in Conflict, (as applied to a pole line) means
that the line is so situated with respect to a second line (except at
crossings) that the overturning of the first line will result in con-
tact between its poles or conductors 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 highway,
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 electric circuit, upon which a voltage is im-
pressed. Noncurrent-carrying patts are those not intended to be
so connected.

9. Dead refers to current-carrying parts which are free from
electrical charge (niot having a potential different from that of the
earth), oo ] el

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 cirenits are usually
installed in eircuit with disconnecters, to provide a safe means for
opening the circuit under load.

11. Duct means (in underground work) a single tubular run-
way for underground cables. (See also Definition 6.)

12. Electrical Supply Equipment means equipment which pro-
duces, modifies, regulates, controls, or safeguards a supply of elec-
trical energy. Similar equipment, however, is not included where
used in connection with signaling systems under the following
conditions : i -

(a) Where the voltage does not exceed 150.
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(b) ‘Wherc the voltage is between 150 and 400 and the power
transmitted does not exceed 3 kilowatts. (For Definition of Utili-
zation Equipment, see 54.)

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

Note: Does not include open wiring on 'buildings in yards or sim-
ilar locations where spang are less than 20 feet and all the precautions
required for stations or utilization equipment, as the case may he, ave
observed,

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

N(?te: (1) Supply stations accessible as a rule only to 'plroper!y
q_ual_xﬁe_d persons, must comply with Part 1 of thig 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 tranformer vaults on private premises. (See Defi-
nition 52.)

15, Explosion Proof (As applied to protective inclosures of
electrical equipment installed in locations where the presence of in-
flammable gas makes the atmosphete explosive in character) means
that an inclosure is of such construction that any explosion of gas

W%H‘Ch may occur in the inclosure is localized and cannot be trans-
mitted to the exterior thereof. (See also Definition 22.)

16. Exposed 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.)

17. Grounded means connected to earth or to some extended
conducting body which serves instead of the earth, whether the
connection is intentional or accidental. (See also Definition 36.)

18.  Grounded System means a system having a permanent and
effective electrical connection to earth. This ground connection
may be at one or more points, (See also Definition 36.)

Note: “Effective,’ as hersin used, means a connection to earth of
sufficiently low resistance and high ecurrent-carrying capacity to pre-
vent any current in the ground wire from causing a harmful voltage

ELHECTRICAL CODE—ORDER 1020 i1

to exist between the grounded conductors and neighboring exposed
conducting 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, barrier
rajls or screens, or by means of mats, or platforms, to remove the
liability of dangerous contact or approach by persons ot objects
to a point of danger. Wires, which are insulated, but not other-
wise protected, are not considered as guarded. (See also Defini-
tion 23.)

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

21. Household Appliances means flatirons, washing machines,
toasters, percolators, vibrators, heating pads and other portable
current consuming devices intended for use in the home and simi-
lar places.

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

23. Insulated means separated from other conducting surfaces
by a dielectric substance or air space permanently offering a high
resistance to the passage of current and to disruptive discharge
through the substance or space.

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

24. [Insulation (when applied to a material or device such as
the covering of a conductor or to clothing, guards, rods and other
safety devices) means that the material or device, when interposed
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 oppo-
site of conducting.)

25. Isolated means that an object is not readily accessible to
persons unless special means for access are used. (See also Defi-
nition 16.)
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26. Isolation by Elevation means elevated suffici
persons may safely walk underneath. (See also Definition 19.)

517 Latef_‘ai Conductor means, in pole wiring work, a wire or
cable extc?ndzr%g i a general horizontal direction at an é.ng-le to the
general direction of the line conductors. (See also Definition 55.)

28. Lateral Working Space means the space reserved for

working between conductor le i i
fin vels outside th mbi
to its right and left, gt

ently so that

29.. Line Conductor means one of t
electric current, supported by poles,
but not including vertical or lateral
Definition 55.) '

: I\;510. Manhole. (More accurately termed splicing chamber or
al ; vault.)‘ means an opening in an underground system which
workmen or othets may enter for the purpose of installing cables

trans i i
sfm.'rners, Junction boxes, and other devices, and for makin
connections and tests. ;i

he wires or cables carrying
towers, or other structures,
connecting wires. (See also

31, Manual means operated by personal intervention.

32: Movable Equipment means electrical apparatus which is
heavier tha}n portable equipment as defined below, but which .n :
erthe_less: is designed to be transported from pl)ace to plac’e i?:;-
use; et‘;ulpment which is stationary when in use, but is desi d
for bel.pg transported from job to job. (See also Definition g;ée)
ani&ﬂ Neut Construction means all new electrical installations

all repairs and renewals which constitute a substantial ortion
of the installation or any substantial subdivision thereof, .

34 Opef,i:a Lines means overhead lines not in conduits and con-
sisting of single conductors or of individual twisted pairs as
opposed to multiple conductor cables. ,

35. :Panel'baafd tneans a single panel containing busses, fuses
and switches to control lights, fan motors, and similar :ievice’
gsually (ff small individual as well as aggregate capacity places
1n or against a wall or partition and accessible only from tf;e front

36. Permanently Grounded means such an effective connection
to the earth (by means of an underground system of metallic pipe

mains or other suitable means) as descri : L
cribed
and 18, in Definitions 17

ELECTRICAL CODE—ORDER 1020 13

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

38. Portable Equipment means small electrical apparatus such
as grinders, drills, etc., which are supplied with current from a
portable connection; apparatus which can be easily moved about
or lifted and is intended to be so handled when in use; does nof
include household appliances as defined herein. (See also Defi-
nition 32.)

39. Qualified means familiar with the construction and opera-
fion of the apparatus and the hazards involved. Responsibility
for the decision as to the qualifications of the employes rests
with the employer or his agent. (See also Definition 14.)

40. Raceway means any channel for loosely holding wires or
cables in interior work which is designed expressly and used solely
for this purpose. Raceways may be of metal, wood (unless spe-
cifically 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 replace~
ments. (Reconstruction of a substantial portion of an installation
is New Construction.) (See also Definition 33.)

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

43.  Sag—Apparent sag of a span means the departure of the
wire in 4 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 line
hetween 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 loading.

46. Service means the connecting conductors by which a supply
of electrical enerey is carried from a supply line to main switch
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and fuses or circuit-breakers within the building or premises
served,

Note: This service ig 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 cireuit-breakers.

47. Signal Lines means lines for public or private signal or
communication service and deyoted exclusively to the transmission

of signals or intelligence, which operate at not exceeding 400 volts

to ground or 750 volts between any two points of the circuit, 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 inecluded 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 congtructed and operated as supply lines, if degired,
and if consistently so constructed and operated. 5

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

49. Switch means a device for opening or closing or changing
the connection of a circuit. 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 usually instruments; and which

are accessible both in front and in rear. Circuits and machinery
of relatively large capacity are controlled from such boards.

Sl. Tags mean tags or other markers of distinctive appearance,
indicating that men are at work on the equipment or lines so des-
ignated.

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

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

|
|

|
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53.  Urban Districts means thickly settled communities (whe-
ther in cities or suburbs) where corigested tr'a{-'ﬁc often occurs. AN
highway even though in the country, on whlch the t_re}-ﬂﬁc 1; often
very heavy, is considered as urban. (See also Deﬁn{tlon 4 -.).

54. Utilization Equipment means equipment, devices, and con-
nected 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. Vertical Conductor means, in pole Wil"iflg v\'rork, a wire or
cable extending in an approximately vertical direction. (See also
Definitions 27 and 29.) :

56. Voltage or Volts means the highest effective voltage bfe-
tween the conductors of the circuit concerned, except that in
grounded multiwire circuits, not exceeding 75‘0 volts between the
outer conductors, it means the highest effective voltage between
any wire of the circuit and ground. :

In ungrounded, low-voltage circuits, woltage to ground means

1 tage of the circuit. g
thi&’\}rﬁlengoﬂe circuit is directly connected to another circuit of
higher voltage (as in the case of an autotransfor‘mer') both are
considered as of the higher voltage, unless the circuit of lower
voltage is permanently grounded. . S5}

Note: Direct connection implies electrical connectl?n as distin-
guis]ﬁed 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 s?andard gag.e-

for copper, aluminum, and other conductors, excepting steel, for
which the steel wire gage (Stl. W. G.), is used throughout these
rules,

SECTION 103, METHODS OF PROTEGCTIVE GROUNDING.

Order 1030. General.

The following orders of this section apply to the gf'oundmg ;f
all lightning arresters, circuits, equipment and (‘.ond-mt, when the
-g‘roﬁﬁﬂ'in‘g is required as a permanent and effective protective
measure by this code. :

Hixception: 'The following orders do not apply to the grounding of
'a,rr'ésésr's on signal circuits and radio equipment, to the grounded re-
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turn of trolley or third rail systemsg, nor to the grounding of lightning
protection wires where these are not connected to electrical cireuits
or equipment,

Note: The orders requiring grounding,; in sccordance with the meth-
ods specified below, are included under Parts 1,2, 3 and 4, of this code.

Order 1031, Points of Attachment of Ground Conductors to
Parts Grounded.

(a) Direct-current Distribution Systems.

(1) In three-wire direct-current systems the ground connection
shall be made on the neutral at one or more supply stations but not
at individual services or within buildings served. :

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

(b) Alternating-current Distribution Systems.

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

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

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

(4) Intwo or three-phase systems the groind shall be made at
that point of system which brings about the lowest voltage from
ground to current-carrying parts of connected equipment. Where
one-phase of a two or three-phase system is used for lighting, that
phase shall be grounded, and at the neutral conductor, if one is
used.

(3) In the absence of a direct ground at all building services,
ground connections 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,

(6) When the secondaries of transformers are supplying a
common set of mains, fuses if installed shall be located only at
such points as not to cause the loss of the ground connections after
any fuses in the transformer circuits or mains have been blown.
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(7) Alternating-current secondary circuits shall not 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 con-
nection, ; MR

(¢) Awoidance of Current Flow over Ground Conductor.

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

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

(d) Lightning Arresters and Ground Detectors.

For lightning arresters and ground detectors the ground connec-
tion 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 electrical equip-
ment, the point at which the ground conductor is attached shall
be accessible. sl

(2) For conduit the ground conductor shall be attached near
the point where the conductors of the system receive their supply.

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

Note: To insure electrical continuity of a conduit system, it is nee-
essary to securely fasten all conduit in outlei boxes, junetion boxes
and cabinets, and to remove non-conducting protective coatings, such
as enamel, from threads on conduit and couplings and from surface
Wwhere approved ground clamp is fastened to conduit.

-Oi‘der 1052. 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

zl-n_.d Current-carrying capacity requirements of Order 1035.
" (2) In no case shall an automatic cut-out be inserted in the

ground conductor or connection, except in a ground connection
2
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from equipment where its operation will result in the automatic
disconnection from all sources of energy of the circuit leads con-
nected to equipment so grounded. (See also Order 1031—b-6 and
1351—a-2.)

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

(b) Size and Capacity.

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

(2) The ground conductors for a three-wire direct-current
system shall haye a combined current-carrying capacity not smaller
than the neutral conductor to which they are attached except that
the capacity need not be larger than the largest feeder 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 conductor to which they are attached, except that
they need not have a conductance greater than that of No. 0
A. W. G. copper wire.

(4) For lightning arresters the ground conductor or conductors
shall have a combined current-carrying capacity sufficient to in-
sure continuity and continued effectiveness of the ground connec-
tion under conditions of excess current caused by or following
discharge of the arrester. No individual ground conductor shall
have less conductance than No. 6 A. W, G. copper wire.

(5) For noncurrent-carrying metal parts of electrical equip-
ment, except conduit, armoured cable or metal raceways, the
conductance of a ground conductor shall be not less than that pro-
vided by a copper wire of the size indicated in the following table:
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| Required Size of
Ground Con-
ductor—A. W. G.

Oapacity of Nearest Automatic Cut-out

200 to 500 amperes
100 to 200 amperes .
0 to 100 amperes =
0 to 10 amperes (for portable equipment only).

When current-carrying conductors of 't i i
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 gize of ground
conductor shall be determined by the design and operating conditions
of the circuit. :

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

(¢) Insulation and Guarding.

(1) All ground conductors of circuits or equipment operating
at less than 750 volts shall be adequately insulated for the voltage
of the circuits or equipment grounded,

Exception: Substantial bare ground conduciors may be used in
stations, and bare wires may be used if laid s'ack underground,

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

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

(4) The ground conductor, except in rural districts;, shall be

~guarded by being inclosed in insulating conduit or molding if
«connected to an artificial ground.

Order 1033. Nature of Ground Connection.

(a) General. The ground connection shall be permanent and

effectlve and shall be made as indicated below, but always to water
Piping systems if they are available.

N te S AV bla 5 = : s s s [ .
NOLe o ¥ a_lla e in fhis 1 ule means ordinar 11? with 500 eet r
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(b) Piping Systems.

(1) In supply stations, ground connections for circuits, 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 connections from cirecuits 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 pipng may be utilized as the ground connection,
provided it is bonded to the water-piping system at its point of entrance
to the building.

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

Note: In many cases, metal well casings, local metal drain pipes, and
similar buried metal structures of considerable extent will be available,
and may be used in lieu of extended buried water-piping systems.

In some cases, ground eonnections may be made to the steel frame
of a building containing the grounded cirenits or eguipment. In such
cases the building frame should be itself well grounded by effective
connection to the ground. This may require artificial grounding for
steel frame buildings supported on masonry or concrete (unreinforced)
footings.,

(d) Artificial Grounds. When resort must be had to artificial

grounds their number shall be determined by the following re-

quirements:

(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 circuits at transformers or elsewhere.

(2) Where no part of the circuit or equipment protected can be
reached by persons while they are standing on the ground or damp
floors, or by persons while touching any metallic piping to which
the ground wire is not effectively connected, a single artificial
ground may be used even if the resistance exceeds that specified id
Order 1035. (In such cases it is desirable to provide guards fof
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ii the ground conductor in accordance with Order 1032¢ wherever

it is otherwise accessible, or to provide insulating mats or platform
 so located that persons cannot readily touch the ground conductor
. without standing on such mats or platforms.)

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

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

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

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

Order 1034. Method of Connecting to Ground.

(a) Water-Piping Connections. Ground connections to me-
tallic piping systems shall be made (except as permitted below)
on the street side of water meters, but connections may be made
immediately inside building walls to secure accessibility for in-
spection and test,

Exception: When water meters are located outside buildings or in

eoncr_ete pits within buildings where piping connections are imbedded
in concrete flooring, the ground connections may be made on the huild-

ing side of the meters, if meters are suitably shunted.

‘When the making of a ground to a piping system outside meter or
other deyvice would involve a long run, connection for equipment or
conduit (but not for circuits) may be made to the water-piping system
at a point near the part to be protected, provided there are no insulat
ing joints in the pipe to prevent a good ground. In such cases, care
should be taken to electrically connect all parts of the piping pystem
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 écm-
nection with the underground Diping system continuous.

; (b) ‘Hamr to Make Connection. The ground connection to me-
tallic piping systems and conduit shall be made in such a manner
that good electrical contact between the ground wire and pipe
.su.r.face-_ls. secured, and that the possibility of increase in resistance
of the joint through corrosion is minimized.

.N.ote.: Such ground connection to metallic piping systems should be
mad.e .1.)}' means of an approved clamp firmly bolted to the pipe, after
all _:I'l_l_'af:. and s‘ea?e have been removed or by means of a brass plug
which has been tightly screwed into a pipe fitting, or where the pipe is

of sufficient thickness, screwed int ipe i
_ : s 0 a hole in the pipe itself,
other equivalent means, i S
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With bell and spigot joint pipe it may be necessary to connect ta
several lengths where circuits or equipment of large current-carrying 1he product of the corresponding numbers in the first and second
capacity are being grounded. For this condition the most satisfactory columns is never greater than 160—that is, the potential difference due
method of making the ground connection consists in drilling a hoiq' to the stated current is never greater than 150 volts—where connec-
in the bell, tapping if, and screwing in a brass plug to which thetions are made to water pipes.
ground wire is soldered, The joint thus made and the surface of th¢ Where more than one ground is made on the same cireuit, equip-
pipe in the immediate vicinity should be heavily coated with pitch of ment, conduit or arrester in the same vicinity, all sueh grounds are
equivalent material to prevent corrosion. The point of connectior considered collectively in respect to meeting the requirements of this
should be accessible and its position recorded. order,

e ST Where a secondary is exposed only through transformer windings,
(¢) drtificial Grounds. Artificial Grounds shall be located be! this current-carrying capacity will be that of the primary fuse of the

low permanent moisture level where ground water level is Clo-:i transformer. Where the secondary is exposed to the conductors of
to the surface. Where it is impossible to locate the artificiajcontflicting or crossing high voltage circuits, the current-carrying ca-
grounds below permanent moisture level, they shall be at least gpacities will be those of the automatic cut-outs in such circuits.

feet below the surface. . (b) Checking.

Note: MHach ground plate should present not less than 2 square feel
of surface to the spil, and where facilities are not available for defexn
mining the resistance of the ground connection, (See Order 1035) thi
exposed surface should be 4 square fest. Where copper ground platef
are used, they should be at least .065 inches thick; and when cast-irol
plates are used, they should be at least .25 inches thick.

When driven pipes are used, they should bhe of galvanized iron an{
not smaller than one inch internal diameter and extend not less tha
gix feet below the-ground.

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

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

Note: (1) With artifieial grounds this cheek may be made by meas-
uring the voltage between the grounded point of the circuit 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 vicinity, but not within 20 feet.

(2) If the station ground is to water piping, the check may he made
Wwith eurrent flowing through the water piping and some independent
Diping systems or artificial ground in the vieinity, but not within 20

Order 1035. Ground Resistance.

(a) Limits. The combined resistance of the ground wires an
connection of any grounded circuit, equipment or lightning af
rester shall not exceed the values given below:

Water Artificial

Pipe Grounds foet.
Amperes G;:::‘ls 0”::;’; Heg . (2) All ground connections shall be inspected periodically.
Otder 1036. Separate Grounds and Ground Conductors.
i 1 (a) Ground Conductor. Ground conductors shall be run sepa-
8 e > rately to the ground (or to a sufficiently heavy grounding bus or

system ground cable which is well connected to ground at more
than one place) from equipment and circuits of each of the fol-
lowing classes : ;
L. Lightning arresters.
2. 'S:e;c-dfidaries connected to low voltage lighting or power
cireuis,
3. Secondaries of current and potential instrument transformers
and cases of instruments on these secondaries,
4. Frames of direct-current railway equipment and of equip-
ment operating in excess of 750 volts.

Exception: Where because of dry or other high-resistance sgoils|
is impracticable with artificial grounds te obtain 'resistances as low @
the values given above for ordinary soils, two grounds as defined |
Order 1033d should be ingtalled and no requirements will be made as [
resistance, except as in (b) below.

Note: The current stated opposite the different resistances in
table is either the current-carrying capacity of a cireuit from whig
leakage can oceur to the grounded circuit or the continuous currell
carrying capacity to which the grounded equipment conduit or ligl
ning arrester is limited by design or by automatic cut-outs.
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5. Frames of utilization equipment, conduit systems, etc., othei
than covered by Item 4.

6. Lightning rods.

Note: Lightning-arrester ground connections should be spaced Ei

20 feet should be secured where possible.

far as practicable from other artificial grounds. A space of at 191

(b) Arrester Grounds. Lightning-arrester ground connection
shall not be made to the same artificial ground (driven pipes o
buried plates) as circuits or equipment, but should be well spaceg
and, where practicable, at least 20 feet from other artificia
grounds,
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' | Minimum  (Modern Practics
Foot-Candles | Foot-Candles
|
PART 1. | {
> (1) Switchboard instruments gauﬁcs_, switcl;es, ete.,__| 1{; %Egg
Electrical Supply Stations, Substations and Equipment. ig} v he s Hve dard o 7 1to2
4) Generating room, boiler room, pump room (at
machinery or exposed live parts)....._ s il 2 to 4
SECTION 110. SCOPE OF ORDERS (5) Stailways and passageways (measurements made
at floor level,d \]‘i-hurs tzmreh 15 ?nnvm% ma-| - £ 5ol
8 . chinery, exposed live parts, hot pipes, ete._...
Order 1100. Stations and Substations. (6) Any traversed space (measuréd at floor level).... % 102

The following orders (1100 to 1199 inclusive) apply to all elec

: 2 i . . Note: The above illumination values apply to the working surfaces

' 3 T 1 25 : : : :
tilc?l bupply REliment Bt Andes: \and; bidoo: stitions sad sy 'End measurements are to be made on the vertical, horizontal, or inter-
stations.

ediate plane, as may be required.
The “minimum foot-candles” specify the lowest illumination for

; ; ) safety, but the “modern practice fooi-candles” are recommended.
Qrders 1.100 to. 115 inclusive also annly fo electrn?al suppl (b) FPixtures and Plug Receptacles. (See also Order 1346-f,
equipment, including generators, motors, storage batteries, trang ection 134 of Part 3.)

formers and lightning arresters installed in factories, mercantilg :
establishments, or elsewhere, provided the equipment is in sepdl (1) Lamps and fixtures fshall. be so Ioc.a.ted as to be readily ac
: essible for replacement, trimming, cleaning, etc., and shall have

rate rooms or inclosures, under the control of properly qualifie¢ > :

persons, whose attention is not distracted by other processes, an h‘el.r control readily aCCf—‘SS‘ble-

provided such rooms or inclosures are accessible only to sucl (2) Lamps and fixtures shalll be so located as in_lﬂake Unncees
persons. (See also Order 1301, Section 130, Part 3) ary the use of portable cords in dangerous proximity to live elec-
rical equipment,

Order 1101. Electrical Supply Equipment in Factories.

SECTION 111. GENERAL PROTECTIVE ARRANGEMENTS OF

(¢) Emergency Lighting. A separate emergency source of
STATIONS AND SUBSTATIONS

llumination shall be provided in every station where an attendant
is located. This source shall be from an independent generator,

) : Istorage batter ; i - suitable source.
a) Not to be used for Storage of Materials. Rooms and dotorage battery, gas main, or other suita _
( ) f J f e Note: Flame lamps (gas or oil) should not be used in battery

in which electrical supply equipment is installed shall not be usef,

i ¢ 4 ; ; ; rooms, (See also Order 1144-6.)

or the stora material nor for manufacturin i . R

= t.o gi;{ 3 = 2 u“}dn‘d attll.ut gthpl ocezsesu (d) Shading of Lamps. Overhead and local lamps shall be
xception: aterials or processes incidental fo the production g§ e kL ; . ; ;

distribution of a supply of electrical energy are exempted, shaded as required by Oldﬁ?’S 2113 and 2114 of the industrial

(b) To be Dry and Free from Flyings and Inflammable Gasel feiiip e,
Such rooms and spaces shall be free from flyings and inflammablf
gases, and when indoors shall be dry and well ventilated. (Se
also Order 1144.)

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

g e 3 . (&) Baildings to Comply with Building Code. Buildings in
rder 1111. umination of Stations and Substations. (Sebwhi h electrical si ; e et ted
also Order 1144-c) (5 which electrica supply equipment is installed shall be constructe

i 5 o J in every detail to comply with the Building Code.

(,a) f%teﬁ:ﬂty af Araif ﬁa‘? Iﬂumm;:.arwn. Rooms and Spaces B (b) Gemeral Orders on Safety to be Complied With. Floors,
WI.“Ch elgctrzca} Supp ly .‘equlp ment‘ls 1ns_talled shall be p rovl_ Ppassageways, stairways, floor openings, platforms, runways, mov-
with artificial illumination of an mtensity at least equal to ing machinery, etc,, shall be constructed and safeguarded as te-
minimum foot-candles of the following table : quired by the General Orders on Safety.
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(c) Ewits. All such rooms shall have proper exits as caIIed
for by the Building Code.

(d) Protection from Rain and Falling Objects. Electr:cah
supply equipment located outdoors, when necessary, shall be prog

tected against injury from rain, snow, sleet, flying or fallin
objects.

Order 1113. Fire Fighting Appliances.

Each room or space, where an operator is in attendance, shal
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 thj
extinguishing agent are recommended.

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

SECTION 112. PROTECTIVE ARRANGEMENTS OF ELECTRICAL
SUPPLY EQUIPMENT

Order 1120. Guarding Live Parts,

(a) Equipment.

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

Voltage of Part Elevation jn Feef

L R e o o 7.0

750 to 2,600 —.o- 7.5
2;500 to 7,500 % 8.0
7,600 to 30,000 s 9.0
SODDCI to 70,000 ... 10.0
70,000 to 100,000 12.0 7
Over 100, 000 4.0

Exception: ‘Where no guards are called for elsewhere in these of
ders, uninsulated current-carrying parts operating at less than 75
volis need not be guarded regardless of elevation, if the following con
ditions are complied with:

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

(2) If there are such live parts operating at 300 to 750 volts on onl
side of the space, there shall be a minimum eclearance of 2.5 ieet'
on two sides, 3 feet. :

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

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

(4) 'All such live parts of equipment of outdoor stations and in
stations located in tunnels or subways, shall be inclosed in weather-
proof cases.

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

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

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

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

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

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

The arrangement of cells and connections shall be such that no
two etirrent-carrying parts between which a voltage exceeding 150
volts exists, shall be closer than 3 feet.

Bxecepfion: If the parts are not so exposed that persons are liable
to make accidental contact with both at the same time, a lesser spac-
ing iz permissible.

(d) Switches, Fuses, Circuit-Breakers. (See also Order 1140
and 1141.)

(1) All switches interrupting circuits over 750 volts shall be
of the remote control type or shall be inclosed in casings which
permit of operation without opening the inclosure, thereby pro-
tecting the operator at all times against danger.
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Note: Large-capacity, high-voltage oil switches should be placed
away from the operator and operated by remote (or level) control,
since the blowing up of the oil containers may cause serious injuries
to persons in the vicinity. It is recommended that they be inclosed in
separate fireproof cells or compartmentis. (See also Order 1141:¢-2.)

(2) All switches interrupting circuits below 750 volts shall be
provided with insulating handles and suitable insulating guard
disks or shields so arranged between the handles and the live parts
as to prevent the hand from slipping into contact with live parts
or being burned by arcing at the switches.

Exception: Switches interrupting circuits below 200 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 circuit-breakers on circuits over 750 volts
which are not isolated by elevation in accordance with a-1 above,
shall have all current-carrying parts inclosed.

(4) Where live parts of switches, operating at more than 300
volts to ground, are not remotely controlled or inclosed, as per-
mitted in (2) above, insulating floors, mats, or platforms shall
be so placed that the operator must stand on them while operating
the switches or adjusting fuses and circuit-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 occasionally be operated without such protec-
tion, adequate working space shall be provided so that the operator
will not be required to bring any part of his body within the fol-
lowing distances of the part:

Voltage of Part Distance in Feet

70,000 to 100,000
Above 100,000 _..___._

T G R

Note: Below 7,500 volts the distance ahbove specified may be re-
duced if the operator uses suitable operating devices,

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

(1) All switchboards located near passageways shall be guarded
from these by suitable inclosures or barriers and shall be made
inaccessible to other than authorized persons. Spaces at rear of
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switchboards, which might be used as passageways, shall be in-
closed by screens or barriers at ends of board.

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

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

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

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

(4) Exposed ungrounded current-carrying parts over 750 volts
on back of switchboards, when not isolated by elevation in accord-
ance with a-1 above, or when working spaces called for in excep-
tions 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 exposed current-
cartying parts on the face of board in excess of 150 volts to
‘ground, 'except at times of making or breaking connections,

(f) Lightning Arresters.

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

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

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

(1) Conductors operating at voltages over 750 volts, when
brought closer to the floor line than the distances specified in a-1
above, or where subject to mechanical injury, shall be guarded by
perinanent screens, by inclosing partitions, barrier, guards or by
inclosure in metal conduit, metal duets, runways or compartments
of tile, bitumenized fiber, concrete or other suitable fire-resistive
materials. J

(2) All conductors shall be adequately insulated for the voltage
of the circuit to which they are connected.
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Exception: Bus-Bars and similar conductors are exenipted 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 switchboards or in cableways, they
shall each have a subsantial 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
produced), shall be so supported that they cannot come in contact
with the surfaces along which they are run, if uninsulated, or with
other conductors, whether insulated or not.

(5) Ungrounded conductors 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 effectively grounded,

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

Order 1121. Hazardous Locations. (See also Orders 1144-e
and 1144-1.)

In damp locations, or where explosives and inflammables exist
in dangerous quantities, the equipment shall be installed as called
for in Order 1312, Section 113 of Part 3.

Order 1122. Grounding.

(a) General.

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

Exception: Station auxiliary alternating current systems are ex-

empted from this reguirement,

(b) Instrument Transformers.

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

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

. Exposed non-current-carrying metal parts of equipment oper-

| ating at voltages above 100 volts to ground shall be grounded in

accordance with the methods set forth in Section 103 of Introduc-
tory Part.

Exeeption: (1) All equipment in locations where there are no 'ex—
poged grounded surfaces within the reach of persons whf:,n touching
the parts under consideration and where none of the conditions lis’fed
as hazardous in Order 1312 exist, and provided the volta,:ge at which
the equipment operates is less than 150 volts to ground, is exempted
from this order. : ‘ 48

(2) All equipment accessible only to gualified persons, provided it is
affectively insulated from ground, provided insulating mats, platforms
o floors are present, on which gualified persong may stand, and prfj—
vided there are no exposed grounded surfaces within reach of sa}d
qualified persons, at such limes as said gualified persons may be in
contact with any live part, is exempied from this order. ;

(3) Ixposed non-current-carrying metal parts of supply eq.mpn‘lent of
srounded direct-current cirenits or series direct-current circuits are
exempted from this order, if suitably insulated from the ground and
fro'm neighboring grounded surfaces. In addition suitable permanent
insulating barrier guards shall be installed so that a person cannot,
wh.ile.tauchiug such insulated frames, at the same time inadvertently

touch or stand upon other grounded bhodies.

(4) Metal parts, such as name-plates and card-holders on switeh-
bO&l-‘ﬁE, not likely to become alive by leakage from live parts, are also
exempted from this order.

{5).- 'M@'t_al capes of instruments, which are isolated in aceordance
with Opder 1120-a are exempted from this order,

(6) HExposed non-current-carrying metal parts of supply equipment
for signal cireuits are exempted from this order, providing they are
suj"mhijr insulated from the ground and neighboring grounded conduc-
tors and surfaces,

'.{7) Metal shell sockets and metal guards of portable lamps, if suit-
ably insulated, ave 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 Section 103 of the In-
troductory Part,

Order 1123. Identification. (Sece also Order 1142-d-2.)

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

3
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" IRGUIT-
. ECTION 114. SWITCHES, DISCONNECTORS, FUSES, G
(See also Order 114448 BREAKERS, SWITCHBOARDS, LIGHTNING ARRESTERS
AND STORAGE BATTERIES

Order 1124, Deteriorating Agencies.
Suitable guards or inclosures shall be provided to protect ex:
posed curtent-carrying parts, insulation of leads, balance coils, of
other electrical devices belonging to motors and generating equipQrder 1140. Switches and Disconnectors. (See also Order
ment, where installed directly under other equipment or in loca: 1120-d.)
tions where dripping oil, excessive moisture, steam, vapors, of (a) Compliance with Other Owrders. The installation of all
similar injurious agents exist. switches and disconnectors shall be made to conform to Order
1350, Section 135 of Part 3, except as otherwise provided in this
:de-r and Order 1120-d and e.
(b) Where Switches Are Required. (See also Order 1120-
: : §-2.) Suitable switches shall be inserted in all leads to genera-
Order 1130. Compliance with Other Orders. ors, motors, transformers and all out-going and incoming supply
The installation of all conduit, both rigid and flexible, metal surs

circuits.
face raceways, armored cables, cabinets and junction boxes, and Bxception: (1) Grounded conductors and leads to instrument trans-
the installation and protection of wires shall be made to complyformers and instruments are exempted from this order.
with Sections 133 and 134, respectively, of Part 3 and in addition

(2) In cages such as between generators and transformer banks used
: . : : wit] y , disconnectors only will be required,

shall comply with the following orders of this section. (See alsg A he et ators

Order 1120-g and 1150-c.) :

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

(3) Where two or more pieces of electric supply equipment or sup-
ply lines are operated as a single unit no switeh is required between
them,

(4) In underground manholes or in transformer vaulis, switches are
not required, if not deemed necessary to meet operating requirements.

() Automatic circuit-breakers that diseonnect all wires of the ecir-
cnit may serve as switch for motors.

(e) Switches for Short-Circuiting and Grounding. Switches
or other suitable means shall be provided to facilitate short-circuit-
ing and grounding equipment or lines for which the operating
rules (Part 4) require such protection to workmen (See also

Order 1131. Station Wiring Requirements. (Sce also Orde
1142-¢-3.) .

(a) Comduits, Ducts and Runways. The interior of conduitd
ducts and runways shall be smooth, and all edges at outlets shal

be smooth to prevent abrasion of the insulating covering of the
wires.

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

(c) Lead-sheathing and Flawme-proofing Covering Where Com

Order 1142-f and 1151-b—1).
ductors Terminate. Where conductors terminate, lead-sheathi @ (d) Where Disconnectors Are Required. Switches, which do
and flame-proofing covering, when used on conductors, shall be

@ not make an air break, on circuits operating at voltages in excess
stripped back on the conductors a sufficient distance from the ters of 750, shall be protected by disconnectors between them and the
minals to give the necessary insulation for the voltage of the cit® source of energy supply. (See also Order 1120-£-2.)
cuits on which the conductors are used.
(d) Potheads on Circuits above 750 Volts. On systems abové
750 volts the insulation of the several conductors, where leaving
the metal sheath of cables, shall be thoroughly protected against
moisture and mechanical injury by means of potheads or
equivalent means. '

(e) Taping Ends and Joints, Ends and joints of insulate

conductors, unless otherwise adequately guarded, shall have equal
insulating covering with other portions of the conductor,

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

(a) Compliance with Other Ovders. The installation of all
circuit-breakers and fuses shall be made to conform to Order 1351,
Section 135 of Part 3, except as otherwise provided in this order
and Order 1120-d and e.

Ixception: Open link fuses may be used in stations and substations.
(See algo Order 1351-h, Section 135, Part 3.)
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(b) To Be Installed in All Leads. Automatic overload circuif
breakers or fuses shall be installed in all leads where switches arg
required by Order 1140-a and the appended exceptions. (Sef
also Order 1150-e-1.)

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

(2) Series transformers and constant current c¢ir
from thig order.

Note: See Order 1032-a-2, Section 103 of Introductory Part, for l'el
quirements of automatic cut-outs in grounded conductors.

cuits are exempte

(c) Locations.

(1) Such automatic overload protective devices shall be ind
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 poin
where the conductors enter the station.

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

Order 1142. Switchboards. (See also Order 1120-¢.)

(a) Accessibility and Convenient. Attendance,
(1) Al switches on switchboards shall be so arranged that the
points of control are readily accessible to the operator.
(2) Instruments, relays and other devices requiring reading of

adjustment shall be so placed that work can be readily performed
from the working space.

(b) Location.

(1) ‘Switchboards shall be so placed that the operator will ng
be endangered by any live or moving parts of machinery or equip
ment located near the hoard,

(2) There shall be a space of three feet between top of switchs
board and combustible material, unless switchboard is otheryise
properly guarded to prevent igniting combustible material.,

(3) Switchboards shall be accessible from front and rear whes
the connections are on the hack.

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

(1) Switchboards which control outgoing supply circuits shall
be equipped with such instruments as are necessary to show oper-
ating conditions.

Fxception: 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 properly protected

by fuses.

(d) Arrangement and Identification. :

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

(2) All switches and automatic cut-outs shall be plam.l_y m;.;.rk’ed,
labeled or arranged so as to afford ready means for identifying
circuits or equipment supplied through them. (See also Order
1123.)

(e) Spacings and Barriers Against Short Circuit.
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 exceeds 750, suitalxblc
non-combustible barriers shall be used between them unless iso-
lated by elevation or so located as not to be liable to be short cir-
cuited or grounded by tools or other devices. :

(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 Oceasional Grau?zds..

Where protective grounds are occasionally required on circuits
tor the protection of workmen, a permanent ground connection
shall be provided and also suitable means for effectively and
readily connecting the parts to be grounded to the ground connec-
tion. (See also Order 1140-c.)

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

Note: Detectors which indicate continuously and give an imstant
and permanent indication of a ground are preferable.

(See also
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(For Guarding see Order I
1122 and Section 103 of

Order 1143. Lightning Arresters.
1120-f, for Grounding see Order
Introductory Part.)

(2) Where Lightning Arresters Ave Required. All overhead

lines to stations or substations shall be protected by lightning ar-
resters.

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

Note: It is recommended that lightning arresters of the aluminum
cell or other types containing oil be installed in individual fire-proof
cells or compartments.

(¢) Provisions for Disconnecting.
(1) On cireuits over 7500 volts, lightning arresters shall be

80 arranged, isolated and equipped that they may be readily dis-
connected from conductors to which they are connected by air-
break manual disconnectors, having air gaps of not less than four
times the equivalent needle point sparking distance of the oper-
ating voltage of the circuit to which the arresters are connected.
and in no case less than eight inches. (See also Order 1120--2.)

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

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

Order 1144, Storage Batteries.

(For Guarding see Order
1120-c.)

(a) Scope of Order. This order applies only to storage bat-
teries exceeding 50 kilowatt hours capacity at the eight-hour rate
of discharge. :

(b) Isolation. Storage batteries shall be placed in separate
rooms or inclosures accessible only to properly

(¢) Ventilation. (See also Order 1110-b.)

(1) Such rooms or inclosures shall be so ventilated as to re-
move acid spray and prevent dangerous accumulation of inflam-
mable gas.

(2) Communication of drafts to other rooms shall be prevented:

qualified persons.

a9
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(d) Suitable Supports and Floors. ) .
(1) The cells shall be supported by suitable insulators.
Exception: Small cells of insulating material are exempted.

(2) Suitable drainage or other means shall be provided beneath
cells to prevent accumulation of electrolyte in case of leakage or
spraying. ;
pNo{-e-g Acid resistive floors, such ag 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 shall be of the electric
incandescent type, inclosed in vapor tight globes. .

(2) Switches controlling such lamps shall be located outside
of the battery room or shall be of the vapor-proof type. :

(f) Acid-Resistive Coverings on Conductors. Conduc‘tors in
battery rooms, if of such material or so located as to be llab!e to
corrosion, shall have suitable protective coverings or coatings.
(See also Orders 1121 and 1124.)

SECTION 115, ROTATING EQUIPMENT, TRANSFORMERS, RE-

ACTANCES, INDUCTION REGULATORS, BALANCE
COILS AND SIMILAR EQUIPMENT

Order 1150, (See also Order 1120-b.)

(a) Speed-Limiting Devices. .

(1) Prime movers driving generating equipment shall be pro-
tected with automatic speed-limiting devices where harmful over-
speed can otherwise occur. _ '

(2) Such devices shall be in addition to their governors, if
neeessary, as with some types of turbines. :

(3) Separately excited direct-current motors, series n.mtors,
motor generators and converters shall have protective devices as
required by Order 1357-¢, Section 135 of Part 3.

(b) Stopping Devices. Stopping devices, such as .switches or
valves which can be operated from locations convenient to ma-
chine operators, shall be provided for prime movers or motors
driving generating equipment.

(€) Control Circuits to Be in Conduit. Where speed limiting
or S":L‘:Oppiing devices or remote control switches are electrically
operated, the control cireuits, by which such devices are actuated,
Shﬁl] be in conduit or otherwise suitably protected from mechan-
ical injury.

Rotating Equipment.
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(d) Motors. All motors shall be installed in the manner rel Note: For oil-cooled transformers u}?ed 1nu?rteeip;tia:zi?iie}goef
quired by Order 1357, Section 135 of Part 3. : down before distf-ibuitio:;t::;i;”gtu;;a%r;ie?he plant proper, provided
(blf:ldmg% rlt;;zl f];afzo g-ii)uch non-combustible sill at doorway and with
.lth: 20 ined to some convenient point outside the building. Trar'ls-
formers of the air.cooled type should bo isolated from all other equip-
;?tel:nd it of air blast type should be supplied with air through fire:

(e) Generators.

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

Exception: Public utilities serving lighting systems need not placg : t Transformer Secondary Circuits. (See also Order
overload protection between lighting generators and bus-bars where (b) Curren
two or more generators operate in parallel or feed into a network supl 140—6.) s :
plied from other sources, if reverse current relays are installed, (1) Secondary circuits of current transformers, including cc'm_

Note: -For two-wire direct-current generators, single pole protectiof nt and instrument transformers, shall be provided with
will be considered as satisfying the above order, provided the safetyStant cu.rrenl & ircuiting them, which can be readily connected
device is so located and connected that the means for opening same igimeans for short—cu_cw 4 red ! d which are so arranged as to
actuated by the entire generafor current, and the action thereot willlwhile the primary is energl.ze alid W o deios Bt ks
completely open the generator circuit, permit the removal of any instrument or other device

(2) For two-wire direct-current generators, used in conjuncdcirenits without opening the circuits. : Sl
tion with balancer sets to obtain a neutral for three-wire Systems§ Exception: (1) Current transformers suppl Ymgn T;I;g Sbe‘;;.g’ tl?e
a protective device shall be installed, which in case of excessivelthose having [0 primaty g‘rcult:m"‘lgﬁpgéﬁc?ﬁo; this order.
unbalancing of voltages will operate to disconnect the balancer seff secondary cireuits are worked on,

i (2) Where primaries are more than 7500 volts, secondary eil‘f{.‘,‘l.,‘{ltﬁ,
S e i unless otherwise adequately protected from injury or contact of per

(3) For three-wire, direct-current generators, compound off sons, shall be in permanently grounded conﬁnit.
shunt wound, a safety device shall be placed in each armature lead)
and also connected as to receive the entire current from the arma-
ture. Such safety device shall be so interlocked that no one
pole can be opened without simultaneously disconnecting botH
sides of the armature system.

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

Note: The safety device may consist of either: (1) a double-pole;
double coil, overload circuit-breaker, or (2) a four-pole circuit-breaker,
connected in the main equalizer leads and tripped by means of two
overload devices, one in each armature lead,

Order 1151. Transformers. (For Guarding see Order 1120-2,
for Grounding see Order 1122)

(a) Location. (See also Order 1356, Section 135, Part 3.)
Transformers shall be so placed that fire and smoke from the

burning out of the coils or boiling over of the oil (where oil-filled
cases are used) can do no harm,
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PART 2,

Electrical Supply and Signal Lines.
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PART 2.

Electrical Supply and Signal Lines.

P S AND GENERAL REQUIRE-
T 20, SCOPE OF ORDER
SECTION 1

|

- of Orders.
rder 1200. Scope ] j : :
The following Orders 1201 and 1299 inclusive apply to dg elec
‘he folloy { : : : 5o
rical supply and signal lines in overhead and undergroun
struction. ¢
5 te: (1) Itis not the intent of these ord_ers to 1ecgmlne11';d tr’;‘ﬁz
i\'I'OI.e-trut::t'imi and all lines must be so designed as to mfae. 8 mre—
;Gf_ u;n:maﬁts the specified standards being regarded as minimu
Tequir ; i

tl.u_:-;?.m/:n;:i]ted good practice for the given local conditions should be
S 1e !

followed in all particuiars not specified in these orders.

Order 1201. Design and Construction. (See also Orders

1012 and 1236.) ' |
All electrical lines and equipment shal} ‘be .of Zultabijcﬁe;il,
and construction for the service and conditions u‘nther \:;'f lshan 4
a‘ré to be operated and all lines.and appurtenanc(?sh er(;d I.nOdem
constructed and maintained in accordance with go
91;(;?::? ' (1) The reguirements of these orders as to‘ spacin.g, clear-
oes n rength of consgtruction are minimum 1‘equlr§1nenta M?re
-.%11_99?3 .a-.l}ﬂ ‘Erflf;n:n.d clearances and a greater strength of .constructwu
ii?:ﬂilfg}zgzgﬁed minimum may be provided if other reguirements are

not neglected in so doing. s . f ;
.119-225 a-g.ervi-ce requirements frequently call for ET:.IOIlgel ﬁupptr;: tsea::r-
3higﬁﬂ'r factors of safety than the minimum requirements of these

ders.

Order 1202. Lines Temporarily Out of Service. :
Lines temporarily out of service shall be inspected apd main-

tained as though in service.

Order 1203. Lines Permanently Abandoned. ,
If any support, attachment or conductor of an overhead line
'h-&ién?bﬁmﬂ_];iei;ﬁmnently retired from service, the same shall be re-
moved by its owners.
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Hxception: Overhead service drops may be disconnected from the
circuit 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 Orders 1205-b and 1213-g.)

(a) Current-Carrying Paris.

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

(b) Non-Current-Carrying Parts.

In urban districts, 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
accidental contact by unauthorized persons. Metal poles mnot
guarded or isolated shall always be specially grounded where in
contact with metal sheathed cable or metal cases of equipment
operating at more than 750 volts.

Note: Metal poles not guarded, isolated, or specially grounded,
should always be congidered as imperfectly grounded and the insulators
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, .

(¢c) Marking of Poles Carrying High Voltages.

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

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

Note: The Railroad Commission of Wiseconsin has arranged to fur-

nish at cost proper steneils for the marking of poles in compliance
with this order.
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(d) Stepped Poles. .

If supply conductors carrying voltages exceeding 300 volts fo
ground are carried on poles stepped nearer than 6.5 feet from‘ the
ground or from other readily accessible space or on closely latticed
poles or towers, guards or warning signs shall be usEzd to protect
against careless approach to conductors by unauthorized persons.

Fxeeption: (1) On poles carrying signal cable or twisted pairs be-
low supply conductors one wood block may be placed no’g less than 3.5
feet from the ground or other readily accessible place without the use
of gnards or warning signs. :

(2) Structures on fenced right of way need not comply with the re-
guirements of this order.

Order 1205. Grounding Circuits and Equipment.

(a) Methods. ;

Permanent grounding for lightning arresters, for ciz:cults, for
equipment, and for wire runways shall be done according to .the
requirements of orders of Section 103, and Order 1313, .Sechon
131, Part 3, except for signal circuit arresters, for which see
Order 1391-g and h, Section 139, Part 3.

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

In urban districts metal conduits, cable sheaths, frames, cases
and hangers of equipment shall be permanently and effectively
grounded.

Exceptions:
eguipment is: 3

(1) Guarded from accidental coniact of by unauthorized persons.

(%) Hight feet or more from the ground or grounded surface.

(3) When metal conduit and cable sheaths enclasing_signal condue-
tors or supply conductors of not more than 300 volts to ground are
not exposeﬂ to probable contact with circuits of more than 300 volts to
ground. (See also Order 1204-b and Order 1313-¢, Section 131, Part 3).
~ Note: Metal conduit above ground, where containing extensions
from underground metal-sheathed cable, is considered as sufficiently
grdunded by the sheath, if the gheath itself is in good contact with
earth or is connected to a permanent and effective ground. (See Sec-
tion 108 Introductory Part). It is recommended that supply cables have
the sheath bonded to any conduit extending above the ground surface.

The above requirements need not be met when such

Order 1206. Arrangement of Switches and Identification of
Equipment.
(a) Switches to Be Indicating.
All switches shall be readily accessible to authorized persons
and shall indicate clearly whether open or closed.
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(b) Uniform Position.
To minimize operating errors the handles or control mechanism
for switches throughout any system shall have the same position

when open and a uniformly different position when closed.
Exception: 'When thiz is impracticable the gwitches ghould he so
marked as to minimize the liability to mistakes in operation.

(¢) Location of Conductors.

All conductors and equipment of electrical supply and signal
lines shall be arranged to occupy definite positions, as far as prac-
ticable, throughout the system or shall be so constructed, located,
marked or numbered as to facilitate identification by employes

authorized to work thereon,
Note: This order is not infended to prohibit systematic transposi-
tion of conductors.

Order 1207. Tree Trimming.

When trees exist near line conductors operating at voltages ex-
ceeding 300, they shall be so trimmed that neither the movement
of the trees nor the swinging or increased sagging of conductors in
wind or ice storms or at high temperatures will bring about con-
tact between the conductors and the trees, or clearance shall be
secured by increasing heights of poles or by other means.

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

Note: This order should not be consfrued 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 lines whether or
not they are required by Section 123 to have a definite grade of
construction. The additional requirements for supply lines in
those situations which are required to have a definite grade of
construction, A, B, G will be found in Sections 125, 126 and
127. Orders 1211, 1212, 1213 and 1217 apply also to signal lines
whether or not they are required by Section 123 to have a definite
grade of construction.
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(2) The clearances and separations of conductors, climbing
space, vertical wiring on all poles and clearances from other striic-
tures shall comply with the requirements of Section 122,

(b) Special Precautions.

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 such 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 Hydrants.

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 structures
are suitably protected from traffic) of not less than 6 inches,

.1\__11;#:5:: (1) It is recommended that the clearance of poles from
hyﬂrgnts"-and gignal pedesials be not less than 4 feet.

(2)) When hydrants are located at street corners, poles should not be
' Bebso }i;"_f}‘ﬂ_ﬂ't the corner ag to make necessary the use of fiying taps
it : ible from the poles. (See also Order 1215-a.) '
- Guards.
essary, poles and towers exposed to abrasion or other
'_'-magg-.mhiréh would materially affect the strength of the support,
be protected by guards.

) Clearance Jrom Rail.

ere railway tracks are paralleled by overhead lines, the poles
practicable, be located not less than 12 feet from the near-
» éxcept that at sidings a clearance not less than 7

wed. At loading sidings sufficient space must be left
eway. ]

PPOrts for overhead trolley contact conductors may be lo-
: _;1-' an t_ra{_:k rail as conditions require. If very close,
ermanent gcreens on cars will be necessary to protect pas-

ion from Fires.
1 tﬂ ers 's'h-all be so placed, guarded and maintained
ed as little as practicable to brush, grass, rubbish

ing fires,
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Order 1212. Guys and Anchors.

(a) When Required. '
When the mechanical loads to be imposed on poles, toWers. ﬁl‘
other supporting structures are greater than can be safely g,
ported by the poles or towers alone, additional strength ghafj
provided by the use of guys, braces, or other suitable constrye ﬁml
() Angles and Dead Ends. ;
Guys shall be used when necessary to balance conductor stress,
45 at corners, angles, dead ends, and changes of grade of °°n5tt‘w
tion. i

Note: 'This is to prevent undue increase of sags in adjacent “M
as well az to provide sufficient strength for those supports on wm
the stresses are considerably unbalanced.

(¢) Guys Take Total Load. b

v

When guys are used with wood or other poles or towers g

pable of considerable deflection before failure they shall be abﬁf :
e

to support the entire stress in the direction in which they act,
pole acting simply as a strut. The guy shall be attached to
structure as near as pracﬁmbie to the center of the conductor
to be sustained,

(d) Guy ch‘emgs \ by

Guy wires shall be stmndedami‘ here a
s!mll be prmaeted by wm%le :

 from the pole.
 (b) Two Inswlators.

BLECTRICAL comi—-onml nu

Order 1213, Insulators or Mechanical m ﬁr.
Span Wires.

(a) Where Required.

Each guy wire or guy cable attached to any Wﬂl‘
carrying supply conductors of more than 300 velts NMM &
not more than 15,000 volts, or where exposed to such voltage by
other lines shall be equipped with ene or more effective insulators
Jocated not less than 8 feet above the ground, and at sucha‘ m&. SRL
that if the guy wire breaks at or below the insulator, or a supply
conductor falls upon it, the part above the insulator cantot be -
reached by pedestrians.

Exception: (1) The placing of an insulator i & guy wire or guy
cahle will not be reguired where the guy wire or guy cable is electric- O
ally connected to grounded steel structures or to a ground connection L "‘ ’
on wooden poles. o

(2) Where guy wires are uniformly permanently grounded, (see Sec. T
tion 103 Introductory Part) throughout any system of overhead lnes, : 310
gtrain inswators will not be reguired. i

Note: Insulators should, where possible, ba placed at least 6 feet
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dhat i case any guy sags down upon another the in,
_that in guy

will not become ineffective.

| Mh&w 5 mechanical strength at least equal
: 'hi;h they are installed.

each point of support of the
contact conductor supported.
is p od in trolley span wire

yporting only trolley,
th? o iation of tho. rair

! span wires shall have twq -

‘other conductors when
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(h) Guarding.
(_ux.'l'('m-carr'ying parts of switches, awtomatic ciremit breakers
and lightning arresters, if of more than 300 volts and located on
the climbing side of the pole, ¢

t shall be enclosed or suitably guarded
i 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-
cluding conductors shall not be less than is required for the
ing between supply conductors and signal conductors in si
situations. (See Table 8, Order 1223.)

Spac:
milar

(c) Working Space.

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

~ surfaces required in Table 5, Order 1221, for conductors of
. corresponding voltages. (See also Orders 1424, 1425, 1426.)

lightning arresters,

. Order 1215. Branch Connections.

B:1e) Accessibility.

- Connections of branches in supply circuits, service loops, and
u’ipmént in overhead construction shall be readily accessible to
thorized employes. When possible, connections shall be made
: (See also Order 1211-a,)

stions shall be so supported and spaced that swing-
'.f'ca‘nn\ot bring them in contact with other conductors
fere with the safe use of pole steps, or reduce the climbing

d from the parts carrying cur-
than 20 inches from surfaces of
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INDUSTR o s : ‘ |
7 structures if of wood and maintained at a suitable p | BLECTRICAL CODE—ORDER 1217 &6
ys ¢ and footways. lgb} (d) Pole Setting.
w at pole tops may have less clearance thay Ql Wooden poles set in earth shall be set in a manner which will

give the pole sufficient stability to safely carry the loads which
he side of the pole gt o v s ;
m mlintained on the Tt ‘deata o may be placed upon them. (See Table 44 in appendix for recom-
4 m cnmb{ng' side 5 C nce may h‘ ! L
. mended depths of settings.)

(e) Pole Identification.

' " - - af; 8/ o ' ; ol 3

| for lighting units arranged to, , (1) f‘f‘uh utility owning 1]11 whole or in part p(;kls towers, or
. s 3 ¥ S

: shall be of a mater. rames for supporting supply or signal circuits shall mark each
P - e * such pole or structure with the initials of its name, abbreviation
climatic conditions andL : SRR

of its name, corporate symbol or other distinguishing mark by

lowering rope or chain, j

3 dicall which the ownership of such structure can be determined readily
mmmed perivdically. (S“ and definitely.

Exceptions: (1) In case of a double line of structures such as one
‘ carrying or supporting overhead trolley wires or fixture construction,
. if the ownership is vested in one uatility, marks need be affixed to but
. one structure of each pair.
§ E . (2) Where only one type of utility rendering one kind of service
a;gnated grade 1S require  owns poles, ete., in a community, exclusively owned poles, etc, need
lere necessary so guyed ¢ not be marked except at division of ownership points where adjacent

o mhich they may be s‘g poles shall be marked.

PWOT0 . (3) Where more than one utility furnishes the same kind of serv-

on them (Sce also _Or_ ice in rural communities only every fifth exclusively owned pole, ete.,
need be marked. At division of ownership adjacent poles shall be
marked.
(4) This rule need not apply to ruaral, mutual or roadway telephone
~ companies except that poles, ete, jointly owned and at railroad cross-
- ings shall be marked,
(5) None of the above exceptions apply to poles located at railroad

maﬁngs. Poles used at railroad crossings shall always be marked.
‘Note: The marking of any pole within six spans of the crossing
nm be considered compliance with this exception.

(2) The identification marks shall be made with paint, stamps,
ma.l tags, 'brauds, or oth'er e‘ﬁ’ective means. The marks shall be

, by bracing, if necessar
\ they may be subjected
Any crossarm or bu
ing a vertid

| that such markings be placed between
’m‘ mmand. mnmacommmm of Wis-
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pint ownership O occupaney

atall i
R rgg:ommended th ts or agreements between the -

py written contrac

ered steel, or other m,

of copper, aluminum (with
d not ¢ gei-r-covered, conductor

B ir e not sroaliic!

(URBAN DISTRICTS)
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(b) 750 Volts or Less.

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

67

TABLE 2-MINIMUM SIZES OF SERVIOE LEADS OF NOA' MORE THAN 750 VOias

Situation Bpan 160 Fest or Less

Alone

.................................. No. 10 if soft copper,
Concerned with signol Hnes. .., c.ooviyon.nn. Nop. 12 if medivm or hard copper,
Over supply lines of less than 750 volts...... (No. 12 if steel.
Over trolley of legs than 750 volts.......... "
Over sny trolley in rural distriets.......... ‘No. 8 if soft copper.
Over supply lines of 750 to 7500 wvolta......,. L No, 10 if medinm or hard copper.
Over supply lings of more than 7500 volts in | No. 12 if stes),
rural  districts J

Oyer trofley lines of more than T50 volis in

LD R S e S 1 No. 6.3t soft coppsr.
‘Oveér supply lines of more than 7500 volis in ;:‘,0' : 1t£ m:;d;;um or hard eopper.
RO RO s s i s s e e a s a 2 s

=Grade € requircments,

(2) Supply service leads of 750 volts or less in spans exceeding
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.

lieu of separate conductors supply service leads may be
gether in a cable, no individual conductor of which shall
than permitted for separate conductors. The sags
me as required above, for the individual conductors

E AND SEPARATION OF WIRES.
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e as fixed supports and the

4re h
conductor OF e

where ¢ eod 150 feet.

X
Statute reads as
AVE ) Place of P
corporation may,
4. congtruct 87 )
m for the purpose of l.runsm.it,tmg ligi B
‘i Timits of apy Dighway, subject 1o gyt
i contained. £
tion of such lines shall be set i
the uge of such highway by th&
ing Jand by the owner tlle'raof:_
ghall be not less than twonty
1gs and not less than tourteqd -

ollows:
oles: pPena.ty, Section 1329,&‘_.
with the written Consey 3
i operate a line of tg), ®

63

e

‘Digtance, Heights, Section

'm or corporation to stri
“any steam railroad con
ons of this section.
¢rogsarm attached to
; ghall not he less than sb
han five feet in the ground
f way is not of greats
rod feet apart at SuS

;\

[

‘not less t&qn\twonty-ﬁ,
Lrossing except the §
less than twenty-two &

" £’ '
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OLFARANCES FROM RAILS, STREETS, HIOHWAYS, B0,

ot to be provided by the condugtors or
ne above places specified at the side of

TABLE 8.

the clearunces in fe

The numbers represent ‘
heads of eoluim

wires 0f clagses specifled at the
the table.

- ‘ 7
Qignal | AN Con- | Al Oon-
Conduetors,  ductors f ductors |
Messengers, | Operating | Operating |
Guys, Spans,| at Voltages | at Voltages | Trolley
Lightmng | from 800 | from i econtact
Protection |  Volts to | 15,000 | Conductors
Nature of Crossing Wires, and J Ground up | to | (not feeder
Supply L_lnesl to 16,000 | 5O, 000 | cables)
and Services | Volts | Volts |
Less Than | Between Betwoen |
300 Volts to | Conductors | Qonductors |
QGround j l
)= AR ' ’
O;c::snllr;]z g t}lbovo] track rafls of o R 4 ' s
MAYORAB  wviuisisuaissany ) @
& M;)':t‘ri “‘""0‘9 or alleys in urban i ; (1) 28 80 2%
D L e SR e e R AT o
. Orossing streets or roads in urban sl J ” i 3
B0 rural dIstriote s 24 2 ’ SNl SO )
e g the roads in rural distrie ]
" Crossing ahove spaces or wg;;: fiyas 13 ' 20 @ 16
accessible to pedestrians only...| (&) 10 16 ‘ 17 I & 18
{ |

(Reference numbers refer to exceptions and additions below.)
Exceptions and Additions to Table 3.
(1) This clearance may be reduced to 25 feet when paralleled by

. trolley contact conductor on same street or highway

L
|
s

(2) This does not apply to guys which are not carried over, but

loy contact conductor mpad snd the it | 0. foe middle of the
ger should b at a helght not lecs &oﬁtﬁﬂ’m at the trolley
finum, thus allowing 2 feet for the total e, O0ition to this
span wire and trolley contact ¢ 8
trolley contact conduct
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i 80 _ }

&» : ly conductor at a crossing over trae

4 j the lowest supp
(3) Where .

insulators the initial clearane

a4 by suspension nm! o
rails 1s suPPO_’tcd Y revent the minimum clearances over ﬁi}
shall be Biiicien: 0 ¥ i 1 more than 10 Y
__ + table above from being reduced m: an Per cen
B ::'e t;n-imking of a conductor in either adjoining Spar
thf(o:)gl; visions for increased clearances are cumulative whe
'm,;,re-il than o lies. £
Loy Y ong ap.npgament of insulators sO that they are restraine
At .;’h'i::m:nt‘ toward the crossing will avold the necessity of g
- ftromd it Lo

_|ncrease over the clearances giren;
IR T R ors and Wires Crossing Others. Clearances ¢

ce between the lowest overhead line conduetorv.'

or conductor or wire over which the forme
7 sings between conductors and guy win
slme p.oles for which see Table 5, Orde
than that given in the following tableg
he upper conductor or wire has fixe
e distances from the point of inters
structure of each span does not e

I

A

y contact conductors and assoc
yges should cross at higher L
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Note
low

(1) Reference numbers refer to exceptions and additions be-

(2) An asterisk before a clearance Indicates that lines operating at
the voltages stipu’ated at the top of the column in which the clears
ance fn question appears shonld not eross over the type of llne indi-
cated in the horizontal heading for this clearance,

Exceptions and Additions to Table 4.

(1) Completely insulated sections of guyg to supporting structures
having no conduetors operating at voltages higher than 7500 may have
less than this cledarance from each other.

(2) A clearance of 2 feat will be permitted where the supply conduc-
tor {s above the signal conductor provided the crossing is not within 6
feet from any pole concerned in the crossing and the voltage to ground
does not exceed 300 volts,

(3) Trolley countact conductors abave 760 volts should have at least
6 feet clearance. This clearance shounld also be provided over lower
voltage troley contact conductors unlesg the crossover conductors
are beyond reach of a trolley pole leaving the trolley contact conduc-
tor or are suftahly protected against damage from trolley poles leav-
ing the trolley contact conductor.

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

(d) Increased Clearances.
(1) Where the sum of the distances from the nearest support-

“ing structures of two spans concerned to their point of crossing

exceeds 100 feet the clearances shall be increased by 2 inches for
each 10 feet of the excess between 100 and 200 feet and by 2

“inches for each 20 feet of the excess beyond 200 feet.

(2) For voltages over 50,000 the clearances shall be increased

the rate of one-half inch for each 1000 volts of the excess.

(3) Where the upper line at a crossing between two lines is
«d by suspension insulators, the clearances above lines

creased sufficiently above those given in the pre-

vent the clearances from being reduced by the

cither adjoining span by more than 25

>3
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| - | : iars MMAY he il o SRR b : g :
_ | 3 o the surfaces of poles if at least 2 feet
o at fess than 5 voits and at jeast 6

s and Separations.
arating : Bite
« pxceeding 7500 volts

s of line con

(a) Clearance
At any fixed support the clearance |
ﬂd Bttachnle‘nts thm" = A an}‘ o I'.':" op»:‘:‘;i-'.ii)&l at \'l).tu,‘-’,"
_ sle OF sirpeture ,
ine 18 suppurted by

porting structures a
sulators to which.any conductor 1S attached), and

separation betweel any two line conductors, shall
the values given in the following table. (The :
Order 1222 apply if they give a greater separatio‘n-m 1

Exception: (1) Qlearances hetween individual wir
ported by the same messenger or between any group an

messenger are not subject to the provisions of this rul
(2) The clearances or separations stated may be !
center of the supporting insulator instead of from the cond
(3) Cables, duplex, tripiex, and twisted pair condu tors, ¢
insulators Or Messengers whether single or grouped,
ered gingle conductors, even though they may oonm @

ductors not of the same phase or polarity. 3
~y ',L

line of signal 1

their sup
g not r«:quimd

¢, supply

peerned this ¢learance 1
to 12 inches has already been

g wire c¢
- _osion of 10 inches
arp 3 separation of 101 o
g by practice for §pains having apparent sags of not over
: flerent

s Appendix A for apparent gags in leve
gonstraction) and operating at voltages not 2 m
b separation may ba continued gubject o the provisions of

trolley feede

rapces from these conductors to guy, spam, messenger or
ine shall not be

protecting wires run in the direction of the }
the separation required petween Lwo line conductors of the

TABLE 5.--MINIMUM LINE CONDUCTOR CLE RAN P :

AR CES ARD SEFA ‘ S
are condactors operating at less than Ta0 volts all of one
are supported on vertical racks in spans averaging not to

Applying to conductors of the same slreult or of ditferent elronit Xtwi
paration of 12 inches may be reduced

1228 tor interal working SPELD. ) -
s

| 5
\ feet, the minimum sé
DEvA Horlzontal wthird of the valnes given and applied for vertical clearance.
‘. estion Ooneerned Tio )
st wem Order 12238)
b |
or A : f W
o | Polarity on 0 wes.
BIROATL. st ‘, ) Y > . v
B i o 0w s l __ lines of any one .voltage classification (See Table 8,
relly e i s i L ), may be maintaincd on the same crossarm with the
For conanotars 0.7 400 sonier, O 07 | of the : g g
oL AL oy Focte '&:.,. 1 ol l of the next consecutive classification under any one
sl Sl Al L # ng conditions
¢ occupy pin positions on opposite sides of the pole.

sumbers reter 16 exceptiors a
| ‘bridge-arm construction they are separated by a dis-

less than the climbing s i '

less th . pace required for the high
ned a..lrld‘ pmwded for in Order 1225, =
voltage conductors occup in posi
g o 1py the outer pin posi-
T yoltage conductors the inner pin pasitionf.O
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4 Réﬁﬁire d;.Liﬂe Conductor Clearances a“vd S‘lﬁ :

‘ e (b) Increased Line Conductor Separations and Clearances at
. Order 122 ¢ the Supports: the Supports if Suspension Insulators are used.

S, b RN ‘at the { gl ; o 7 : . :

,_“"‘.'f" & : (1) Where suspension insulators are used and are not re-

d onductor Separations According 1o the Sags.

he separa the supports of the”conductors of
s ghall in no casé be less than ,:{he‘.v;ﬂ
t;l'e-s at 60° ¥ with no wind. 5

strained from movement, the values of conductor separations
required by Table 8, Order 1223 or by (a) above shall be
creased by ene-half the length of the suspension insulator string.

(2) Where suspension insulators are used and are not re-
- strained from movement the conductor clearance from surfaces of
supports, {rom span or guy wires, or from vertical or lateral con-
. ductors shall be such that the value of clearances required by

Table 5, Order 1221, will be maintained with an insulator swing
of 453° from the vertical position, '

- Order 1223, Minimum Lateral Working Space and Vertical
P Separation between Conductors at Different Levels.

(a) Height of Working Space.
- The lateral working space between supply conductors and be-
. tween supply and signal conductors at different levels shall have

an approximate vertical height of not less than that given in
Table 8 of this arder with a minimum of 2 feet,

- (b) Width of Working Space. ‘

- This spage on the chimbing 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

he crossarnt equal to the width of the climbing space required for

the highest voltage conductors concerned.  (See also Order
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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 conductors
attached 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 Inereasing the gpacing hetween
the line crossarm gains.

(e) Minsmum Vertical Separations Between Conductors on the
Same Structures but on Different Crossarms.

The vertical separations between conductors of the same or
different voltage classification when carried on the same structure
but on different crossarms shall not be less than the values given

in Table & of this order.

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

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

Note: In general conductors of lines operating at the voltages in-
dicated at the heads of columns are to he installed at levels abov
at lower voltages to the left of the table when carried on the sa
structures with the exceptions in (f) and (g) of this order and in
Orders 1221-b, 1254-a and 1273-d.
PABLE 8.—MINIMUM VERTICAL SEPARATIONS IN TFEET BETWEEN

CONDUOTORS OF THE SAME OR DIFFERENT VOLTAGE OLASSIFIOATION.
WHEN CARRIED ON THE SAME STRUCTURE BUT DIFFERENT OROSSARMS

Supply Conductors ab Higher Levels

; Different|
Conductors at Lower Levels i) l' 7,500 | Utilities | Utility
to | do | 16,00 | 15,000
to 7,5 15,000 | to {o
750 Yolts Volts B, 000 50,000
Volts (&%) ) ‘ Volts Volts
]

Teet Foet | Feet

Signal lNes _ooioooiemmmmorm oo (3 4 4

gignal lines used in operation of supe ‘
ply lines ._--- 2 () 2

0 to 750 volts i 2 2

750 1o 7,500 VOMR-canm oo ocmmmemmne | oo 2

7,500 to 15,000 volts. e & _1

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

Exceptions and Additions to Table 8.
The specified clearances usually indicate the minimum vertical sep
aration between parallel crossarms (center to center) at the pole, and
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where these clearances are provided between the centers of the cross-
arms the clearance of the conductors supported thereon may be reduced
helow 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 vertieal gpacings
between conductors at different levels where men are not permitted to
enter the spaces while the lines are alive.

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

(2) This shall be increased to 4 feet when the gignal eonductors are
_t-':a;'_l_%l‘-ia'd above supply conductors unless the signal line conductor size
ig that required for grade C supply lines. :

(@) In localities where the practice has been esfablished of plaecing
'-'pn j‘oin‘t.l_y. used poles, crossarms carrying supply circuits operating at
Jess than 300 volts to ground and crossarms carrying signal circuits at
2 vertical separation less than that specified in the table, such exist-
‘ing construction (provided the minimum separation between the crogs-
_arms is not less than 2 feet) may be continued until the said poles aﬁ'e
pggig._i;ed:;_ 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 gupply erossarm carrying only

"ap_gratin_g at not exceeding 200 volts to ground may be placed
: t legs than 2 feet above the point of attachment of the cable to
t Dole; provided, that the nearest supply wire on such crogsarm shall
be ;_g;_t 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 1225-2—3.) :

(f) Vertical Arrangement of Conductors.

Supply conductors of the same circuit arranged vertically on
Sep 'fgeﬁe:.-'f;;rassarxps may occupy the same crossarms with supply
,gt‘mﬁs_ of the next consecutive voltage classification (see
of ) gbqvé) similarly arranged, provided the clear-
ce };rdcr 221) and climbing space (Order 1225) specified for
igher voltage are maintained at each level concerned. When
bfged‘,.: the minimum vertical separation between crossarms
shall be required in Table 8 of this order for the hi
iy r for the highest

e ireuits of less than 750 volts may be carried on
¢les at one side of the pole where normal spans do not

.a-n:m at -1§§a,st 4 feet above and below. (See Table 5,
‘necessary clearance from surface of poles.)
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Order 1224, Conductors of Different Sags on the Same
Supports. ! '

(a) Variation i Clearance.

Line conductors supported at different levels on the same struc-
ture and strung to different sags shall have vertical spacings at
the supporting structures so adjusted that the minimum spacing at |
any point in the span, at 60° F. with no wind, shall not be reduced
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 to accomplish the fore-
going but not reduced sufficiently to conflict with the requirements
of Order 1246.

Note: In cases where conductors of different sizes are strung to the
same sag for the sake of appearance or to maintain unreduced clear-

ances throughout storms, the chosen sag shounld he such as will keep
the smallest conductor involved in compliance with the sag reguire:

ments of Order 1246,

Order 1225. Climbing Space.

(a) Supply Lines Alone or on Joint Poles with Signal Lines @

All poles or structures carrying crossarms supporting supplyl
lines alone or supply and signal lines on joint poles shall be ar=
ranged and maintained so as to provide an unobstructed vertical
climbing space on at least one side or corner of the pole of
structure having dimensions horizontally each way as follows:

(1) With supply conductors alone of less than 300 volis g
ground the climbing space shall be not less than 24 inches.

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

(3) When lines of voltages between 7500 and 15,000 volts ar8
worked on or climbed through when alive a climbing space of d
{east 36 inches horizontally each way shall be provided.

(4) With signal conductors on the same pole and below supply
conductors the same climbing space shall be provided through the
signal conductors as required for the supply conductors imme:
diately above.

(5) With signal conductors on the same pole and above supplj
conductors not exceeding 7500 volts the climbing space requi
for the supply conductors shall exterid up to a point at least 4 fef
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above the highest supply conductors carried on the pole. 1f the
supply conductors exceed 7500 volts this distance shall be 6 feet.

Exceptions:_ (1) Where Men Do not Ascend Beyond Conductors

The above provisions do not apply if the unvarying practice and {;uh«
lished operating rules of the employers concerned prohibit employes
from agcending beyond the conductors of the given line unless the lines
are killed or protected by suitable shields. In such cases if the con-
.;z:;);tie?erate at less than 15,000 volts, a 24-inch climbing space is

(2) Protected Vertical Conductors,

Ve:_'tical rung incased in suitable conduit or other protective cover-
ing (See Order 1226) and securely attached to the surface of the pole
or siructure and the pole or structure itself when included in oné gide
or corner of this space when buck or reverse arm congtruction is used
are not considered to obstruct the climbing space.

(3) Protected Longitudinal Runs.

. Longitudinal runs of cable or conductors are not congidered to ob-
struct the climbing space if no supply line conductors carried on cross-
arms a.r'e within 4 feet above or helow (See also the (38), Table B
Q_r'der 1223). Such cables or conductors must be protected w};eﬁ Withir:
20 inches from pele center by suitable guard armé gecurely fastened
to the pole, or by substantial insulating conduit, unless located above
s_;xp_:p_ly. line conductors or at least 6 feet below. If grounded metal
gheathed cables are uninsulated from metal supports attac.hed to wood
poles, similar protection shall be provided for such supports for at
least 24 inches from the pole center. 4
: N:ote:_ (1) _It iz recommended that climbing space of at least 24
gnsﬁg_g.ﬁp;'izgn-tally each way be provided on poles carrying signal con-
i :: f;; only, when such signal conducters operate at voltages exceed-
Where double crossarms are not used on any one pole and all
mrg:. are parallel, it is recommended that the crossarms be on

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

mensions of the climbi :
1io; e climbing space will depend upon the particular condi-

?5113 _.'ch_'séS- where longitudinal runs of supply conductors not over
n' r Yo.l.t% i;e gup;zo rted near the surface of the pole as by brackets
1@@3}3 aﬂ on pins close to the pole, unless they are located at
o A .eg...st.-@ feet above or below other supply conductors car-
n -ezzxq.ss:ztr-t:ns_, stufficient side clearance from the pole center
ol E‘Eﬁ;:geg‘ for the lline (:o.nductors. on the adjacent cross-
_ dbe b the full V\'ridtl} climbing space for at least 4 feet
d below the longitudinal runs concerned.
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(c)_ Obstructions. :

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

Order 1226. Clearances of Vertical and Lateral Conductors.

Exception: Provigions (a) and (d) do not apply to portions of a

pole which workmen never ascend while the conductors in guestion:

are alive.

(a) Climbing and Working Spaces.

Vertical and lateral conductors, ground wires and metal
sheathed cables shall not obstruct the vertical climbing spaces (See!
exceptions to Order 1225) or the lateral working space between
line conductors at different levels (See also Order 1223) or inters
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 off
fixed supports shall have the minimum separations and clearances
trom other conductors, conduits, pole surfaces and guy, span of
messenger wires provided below. Where not so supported greates
separations and clearances shall be used. (See also (¢), (d) and
(e) below for exceptions.) :

Note: This order is not intended to prohibit the placing of supp_
circuits of the same or next voltage clasgification in the same iroD
pipe if each circuit or set of wires be enclosed in a metal sheath.

(1) From surfaces of supports and from other conductors of
the same circuit 3 inches for 7500 volts of fess, plus .25 inch fol
cach 1000 volts over 7500 volts. (Highest voltage concerng
should be used as basis for calculation. Also see exception undé
Note 2, Table 5, Order 1221.) '

(2) From span, guy or messenger wires and from conductof
of other circuits 6 inches plus 04 inch per kilovolt (highes
yoltage concerned), in excess of 7500 volts for supply conductol
and 3 inches for signal conductors. _

(3) From conductors on other supports as provided in Ordd
1227.

(¢c) Vertical Supply Conductors Through Signal Conductorss

(1) Vertical conductors including ground wires which are
ried through a space occupied by signal circuits shall be inclost

‘having an
ing

sunmy s
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in insulating conduit or in metal conduit or cable protected by an
insulating covering or wooden moulding. The enclosure shall
extend from a point at least 6 feet below the lowest signal con-
ductor to a point at least 6 feet above the highest signal conductor
or equipment if the supply voltage exceeds 7500 volts or to a
point at least 4 feet above the highest signal conductor or equip-
ment if the supply voltage is less than 7500 volts.

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

Wxception: Vertical and lateral conductors of street lighting cir-
m@'itﬁ am; service leads of less than 750 volts may be run on the street
:S.si_t.ie of.. the pole in multiple conductor cable having suitable substantial
ingulating cci_vei_‘i-ng if such cable is held taut on standard insulators
;s_g-p__garted_ on pins or brackets and so arranged that the cable shall be
"he_fid-a;t_-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.)

Vei?tiﬁcal conductors of not more than 7500 volts shall clear the
_p_ol& centers by not less than 15 inches for a distance of not less
than 4 feet above and below any open supply line conductors
which are ;_}f not more than 7500 volts when the latter are carried
on or within 4 feet of the pole. If the vertical conductors are of
.I'- tha.n 75 0 volts this clearance shall not be less than 20 inches
: f 5 u@pyl e ;Qg'nduetors are of more than 7500 volts the clear-
me Tom p,cak.; center shall apply for a distance not less than 6
feet above and below.
m_enﬂm;s; ﬁ_s-ge also (e) below.)

{ Ve 1 anﬁ lateral supply conductors, including ground wires
W encl __(3.(1 in insulated conduit or in metal conduit or cable
’h’ns&l" '1{15_'_3_??”81‘“1_8» or wooden moulding if wire is used hav-
; HL:i} W—:@ﬁ,ﬁhgmraaf.insulati.rm, whenever within 4 feet from
ag ils‘}-ﬂf' EESE than 7600 volts or within 6 feet from open
i .
egla,hm .a an 7500 volts may have less than the clearance
_fl_ mﬂ lateral conductors in metal sheathed cables and
.&11 .l'nfs\_tallgd on poles used only for supply lines and
rm construction when the lines are earried only on
a _p_.ales- may have the insulating conduit or covering

rtica ’ant:r I'a'-_t@l:&l conductors of less than 7500 volts when on
=L 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
ping or brackets and so arranged that the cable shall be held at a dis-
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, knobs or brackets provided they are
rubber insulated twisted pairs and do not come within 4 feet from
open supply lines of less than 7500 velts 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. :

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

Tt 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 concerned. :

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 practicable so that a clear space or
zone at least 6 feet wide will be left either adjacent to the building
or beginning not over 8 feet from the building to facilitate the
raising of ladders.
(¢) Clearance of Lines of 300 to 7500 Volts.
(1) Supply conductors operating at voltages between 300 volts
_ to ground and 7500 volts (unless in grounded conduit or metal
sheathed cable or otherwise rendered inaccessible) shall be so ar-
ranged that they do not come nearer than 3 feet measured hori-
zontally from any point on the surface of a building or its attach-
ments, or nearer than 8 feet above the top of any building or above
any balcony or other platform crossed over.
2) Where the above clearances can 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 conductors shall be properly guarded
sonduit barriers or otherwise.

(e) Mechanical Protection Near Ground.
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 moulding or other insulating material if for the ground
wire of a lightning arrester.

Exception: The covering may be omitted for cables and for ground
wires having a triple braided weatherproof insulation in rural districts’
and for cables armored or installed in grounded metal conduit in urban!
districts.

(f) Conductors not in Conduit.

Conductors not incased in conduits chall 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 &
supporting structure of a second line, and are not attached theretoj
the clearance between the conductors of the first line and any paté
of the supporting structure of the second line shall, if practicablé
be not less than 3 feet at 60° F. and no wind. In no case shou{
this clearance be less than the values required by Orders 1221 a
1222, for separation between similar conductors on the same sups
port, increased by 1 inch for each 2 feet of the distance from the
supporting structure of the second line to the nearest supporting
structure of the first line. The climbing space on the structure
the second line shall in no case be reduced by a conductor of the
first line.

ductors apgra-ting at voltages exceeding 7500 volts (unless
. m‘-l ’éﬁgl;-.gandﬁit'or metal sheathed cable or otherwise rendered
sible) must be carried at such height and distance from

ngs as not to interfere with firemen in event of fire. If




‘tance of the line must be reckoned from the nearest point of thef
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within 25 feet of a building they must be carried at a height not
less than that of the front cornice. The height must be greater
than that of the cornice as the wires come nearer to the building

in accordance with the following table: r

Distance of Wire From Tlevation of Wire Above Cornice

Building of Building
Teat Feet
5 (1]
20 2
15 4
10 i)
5 g
2% o
o 10

e e —

Note: It is evident that where the roof of the building continueé
nearly in line with the walls, as in Mansard roofs, the height and dis-

building instead of from the cornice.

(e) Where Attached to Buildings.

Where the permanent attachment of open supply conductors of
any class to buildings is necessary for an entrance, conductorss
operating at over 300 volts to ground shall not be carried along
or near the surface of the building unless they are guarded ot
made inaccessible and shall have separations from each other and
clearances from building surfaces not less than those required by
Table 5 of Order 1221-a for separation. (See also Section 132
Part 3.)

(f) Clearance over Roofs.
Line wires shall be at least eight feet, for voltages up to 15,000
and 10 feet for higher voltages, above the highest point of flat
roofs over which they pass or from which they are supported and
supporting structures shall be substantially constructed. A roof
shall be considered flat if persons can readily walk on it.

Note: It is recommended that line wires pasging over buildings bE
supported on poles independent of the building.

Order 1229. Clearances from Bridges.

(a) Accessible Portions.
Supply conductors operating at voltages less than 7500 (unless
in grounded conduit or metal sheathed cable) shall be so arranged
that they do not come within 3 feet from any readily accessiblé
wing wall or other readily accessible portion of any bridge or iff
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attachments. For conductors operating at voltages above 7500
(unless in grounded conduit or metal sheathed cable) the mini-
mum clearances shall be those required by (b) and (c¢) below.

(b) Ordinarily Inaccessible Portions: Where Attached.

Open supply conductors passing over, under, or near a bridge
(other than brick, concrete, or masonry requiring infrequent in-
spection of 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 Clearanee in Feet

L1 el e R et e 0.5
2,500 0 5000 cueaanenne 1.0
5,000 to 7,500 —oiooooaomme — 2.0
7,600 te 15,000 R & 5.0
15,000 te 50,000 el 7.5

(¢) Ordinarily Inaccessible Portions: Where Not Attached.

Open supply conductors passing over, under or near a bridge
(other than bricl, concrete, or masonry requiring infrequent in-
spection 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

Es=aw
[=R—=E- E=E~—]

The clearances as given above are minimum and should be
ised as mueh ag practicable.

d) Separations.
: ' PE » conductors attached to bridges are supported at
m;;. _.yg_l;‘_s_.,_ their separation may be less than that specified
ders 1221 and 1222, but not less than that required by Order

1221 for clearances from surfaces of
et far dledran 011 poles and crossarms or less
than the following:

giﬁ

k Separation in Toches
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(e) Trolley Contact Conductors.

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

(b) Double Crossings.

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

Note: For example, if a 2300 volt line crosses in the same gpan over
a gignal line and & direct-current trolley line of more than 750 volts the
2300 volt line would be required to comply with Grade A consiruction
al the crossings. This is a double crossing and introduces a greater
hazard than where the upper supply line crosses the signal line only.

(f) Warning Signs.

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

(¢) Arrangement of Relative Levels.

(1) Where supply and signal lines or supply lines of different
yoltage classification cross each other or are in conflict, or.are on
the same poles or towers, the highest voltage lines shall preferably
he carried at the higher levels.

Note: Itisrecommended thal, where practicable, lines be arranged,
" by mutnal agreement of the utilities concerned, at standardized 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 classification are concerned in a
erossing, conflict, or common use of poles, the construction for the
circuit at the higher level shall be of at least as high a grade as
would be required for the circuit at lower level if it were above
the other.

(d) Awoidance of Conflict.

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

(2) 1f this is impracticable, then the conflicting line or lines
<hall be built of the grade of construction required by the orders
for a conflicting 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.

Grade B.

“The following supply lines in urban districts shall comply with

equirements of Grade B, except as given in (b) and (c)

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

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

(a) Various Conditions of Hazard.

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

(I) When concerned in crossings or conflicts.

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

(III) In some cases where carried through urban districts.

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

(3) Where none of these conditions exist, no specified grade of *
mechanical construction 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 described in the
orders of Section 124. Grades of construction D and E are de-
seribed in Section 128. In any case where two or more of the con-
ditions listed below exist, the grade of construction shall be the
highest called for under any item applying.

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

Note: The orders referring to signal lines apply to all signal lines
except those used in the operation of supply lines, and their application
to these is determined by one of the construction methods applied to
signal lines and to neighboring lines as given in Order 1289, :

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

than 7500 volts.
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(b) Grade C. _ :
The following supply lines in urban districts shall comply with than 750 volts, need comply only with the general requirements
the requirements of Grade C, except as given in (c) below: of Sections 120, 121 and 122. . _
(1) Lines of more than 7500 volts if in cable having perma- (2) Supply lines of less than 7500 volts in rural districts,

sept as covered in (a) above, need comply only with the general
irements of Sections 120, 121 and 122.

nently grounded continuous metal sheath or armor and complying
with the requirements of Order 1274.

(2) Lines of voltages between 750 and 7500. : ’ _

(3) Lines of less than 750 volts when carried above lines of Order 1233. Sup_ply Lines Crossing Over Railways. (See
voltages between 750 and 7500. : also Section 126.)

(c) No Specified Grade. (a) Grade A.

The following supply lines in urban districts need comply only ooly lines carried over railways, operated by steam, electric,
 with the general requirements of Sections 120, 121 and 122. motive power, except as provided in (b) and (c) below,
(1) Lines of voltages between 750 and 7500 if in cable having ly with the construction requirements of Grade A,

permanently grounded continuous metal sheath or armor and in- -
stalled in compliance with the requirements of Order 1274.

(2) Supply lines of less than 750 volts where alone or con-
cerned only with signal lines or with supply lines of less than 750"
volts or both. :

(3) Lines on fenced rights of way, except where crossing over,
conflicting with, or higher on joint poles with the conductors of
other lines.

(d) Constant-Current C ircuits.

Constant-current circuits shall meet the requirements for cir-3
cuits of their nominal full-load voltage. -
Order 1232. Supply Lines in Rural Districts. (See alsg

Order 1252.)

(a) Grade C.

(1) When either of two supply lines in rural districts, one of
more than 7500 and the other of less than 750 volts, crosses, cc
flicts with, or has common poles with the other, the upper one sl
comply with the requirements of Grade C, unless the line of hi
vyoltage is in cable having permanently grounded continuous meta
sheath or armor and is installed in compliance with Order 1274,

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

Pxception: Supply lines of more than 7500 volis are exempted fro 3
this requirement if crossing over or conflicting only with service o
pections from supply lines.

(b) No Specified Grade.

(1) Supply lines of more than 7500 volts in rural districts
where alone, or where concerned only with supply lines of mot

arried over minor tracks included in the following

ly with the requirements of Grade B.

s than 2000 feet long and not exceeding two tracks
-

< on which no regular schedule of operation is

gage tracks or other tracks on which standard
ot, for physical reasons, be operated.
‘only temporarily for a period not exceeding

s a public utility, such as industrial
ng, etc. :

onform only to general requirements, but when
tact conductors shall have the same grade
crossing over supply lines of equal volt-
11232.)

Lines in Crossings, Conflicts, and Joint
Signal Lines.
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(1) Constant-potential alternating-current supply lines nor- (2) Signal lines carried at higher levels than the supply lines

mally operating at more than 7500. volts between cond_!ar;tz:irs or specified in (1), except as smaller conductor sizes are permitted
4400 volts to neutral or ground, or constant-current circuits of by Order 1283-d.

more than 10 amperes, or direct-current trolley circuits of more
than 750 volts to ground where at higher levels and crossing over,
conflicting with, or having joint poles with signal lines except as
noted in (b-3) below for certain signal conductors.

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

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

Supply lines and signal lines under the conditions specified i
below shall comply with the requirements of Grade B. * Order 1235. Signal Lines Crossing Over Railways. (See

(1) Constant-potential alternating-current supply lines nor- ~also Section 128.)
mally operating at voltages between 5000 and 7500 between con- (&j Crods I
ductors or between 2900 and 4400 volts to neutral or ground, or L ) y ‘ :
constant-current circuits of between 7.5 and 10 amperes, where ' &} o and otlier sunal lines caried over rail-
at higher levels and crossing over, conflicting with, or having : ted by steam, electric, or other motive power shall, with
joint poles with signal lines (except as noted in (c-3) below for ¢ elow i panagraphs (b), (c), (d), and (e),
caftain cianal condnctors): rder ::Qmpl_ with the construction requirements of

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

(3) Supply lines specified in (a-1) above when at hlgher levels ST
and ' crossing over, conflicting with, or having joint poles with i less than 2000 feet long, and not exceeding two
signal lines carrying not more than four wires used mainly for
local exchange service, or only subscribers’ loops, or not more S = (2) Branches on which no regular schedule of operation is
than two local telegraph or fire alarm wires. gl

(3) Sﬂpply lines specified in (b-1) above when at higher levels
and crossing over, conflicting with, or havmg joint poles with sig~
ﬂal lines carrying not more than four wires used mainly for local
service or only subscribers’ loops, or not more than two
.%‘al t’éiegraph or fire alarm wires.

i _ngnai lines carried over trolley contact conductors of
n 750 volts shall comply with Grade C requirements as to
sizes and sags except as noted in Order 1286.

(c) Grade C. (See exception above.)

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

(1) Constant-potential alternating-current supply lines nor- ; S
mally operating at voltages between 750 and 5000 between con- t operated as a public utility, such as industrial
ductors or voltages between 440 and 2900 to neutral or ground and.
constant-current circuits of not more than 7.5 amperes and supply
lines of more than 5000 volts in cable having permanently:
grounded continuous metal sheath or armor (and installed in
compliance with Order 1274) where at higher levels and crossing
over, conflicting with, or having joint poles with signal lines. '

d over street railways not having overhead
conductors, need comply only with the general re-
o1 sig! :hnes alone. (See also Order 1288 and
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unless otherwise stated. For Grade C the transverse strength shall
be not less than two-thirds of that required for Grade gB SFEl

Grade A the transverse strength shall be at least 50 e.r -
greater than that required for Grade B. See also Append?x Acent

(d) Trolleys.

Where signal lines cross over trolley contact conductors of les
than 750 volts to ground, they shall comply with the requirements
of Order 1283-d as to conductor sizes and sags. For trolley cont

| tact conductors of more than 750 volts to ground, the requiremen : -
' for crossing over supply lines must be met, namely, Grade A fof Order 1241. Calculation of Stresses in Conductors

direCt‘_?}:r??t ti‘.o o émes;da:nd Gr;;i-et;‘\ ; B{tor C foralerat -I_T.i computing the longitudinal stresses upon conductor 1
curren ?‘o ey 1.1185, epending up e .vc) age. ; their supports, and the sags i rji:.uu
(¢) Signal Lines Classed as Supply Lines. siresses in conductors, the loading shall be assumed as the res“;tg

e k sult-

Signal lines which are classed as supply lines shall, where cross

ant loading due to the weight of AN

ing over railways, comply with the construction requirements off a led weight of a layer of if; o(rje- htfli iiiﬁdlift?-l dipllui] ‘ﬂ]m

- S : ; : adlia A

Order 1233, (See Order 1289, Y é mbined with a transverse horizontal wind Pi‘esz;;e
of 8 pounds per square foot on th : %

Order 1236. Cooperation to Avoid Hazard. (See also Seg cove S dtf{];ﬂ)'l"- q.The minin?um tzrr?;gngfd 3;‘613' of the ice-

tion 127.) § ] re shall be assumed

Utilities or parties responsible for location or construction o8
new facilities or change in vyoltage, construction or operati]
method, shall consult with other utilities or parties between whos
facilities and their own conflicts may now or later be created f8
which precautionary construction measures will be necessary |
prevent hazard, and the parties concerned shall cooperate with
view to preventing hazard. '

Note: When supply or gignal lines are projected which
parallel existing lines on or along the same highway, street, alley, 1
way or other rights-of-way the new construction should, unless joi
construction is recommended, be located on the opposite side o i

highway, street, alley, railway oOF right-of-way from that oeccupi . "
¢ the other kind, and on the same side with’ : puting the stresses in poles and towers the loadi
shall : =2t pading

3@'5 'ths.tdue to a horizontal wind pressure, at right
i€ lfﬁﬁ_tlon of the line, of 8 pounds per square foot
fsted area of cylindrical surfaces of the conductor

__ L‘ha layer of ice one-half inch in radial thickness

d towers without ice covering. (See Order

: : 1 signal conductor exemptions.)

a) Preliminary Assumptions. (flat surfaces the assum :

I('n)the calculatign Sea itresses o allowance shall be madé | per cent. Where Ia‘t::!i:c:ejld ;i:l:'ﬁtetf;g:sz;: cs:no{il;(_i I:;" in-
deformation, deflection, or displacement of any patt of the th lii};:éﬁ;?mi face should be increased b;'ngﬂ :31;:
porting o, def _ T Ehe pressure on the opposite face; this total, how-

(b) Transverse S trength.
The paragraphs which specify the transyerse strength £

! ments for supporting structures relate to Grade B constrti

Note: Ice is assumed to weigh 57 pounds per cubic foot.

or 1242. Calculation of Loads upon Line Supports.
Assumed Vertical Loading.

verﬁeallaads up'jcm poles, towers, and crossarms shall be
as their own._welg_ht, plus the weight of the ice-covered
rs sqpplgrted. The thickness of ice coating shall be taken

existing line or lines o0
own kind.

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

Order 1240. General Strength Requirements.
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ture of the same outside dimensions. The results obtained by mora
exact caleulations may be substituted for the values obtained by
simple rule, if desired.

(c) Awerage Span Lengths.

The calculated loads upon poles, towers and crossarms shall bg
based upen the average span length of a section of line that ig
reasonably uniform as to height, aumber of wires, grade, and spas
Jength, except that the average value taken shall in no case be less
than 75 per cent or more than 125 per cent of the actual averagg
of the two spans adjacent to the structure concerned.

(d) Awverage of Three Poles.

A pole not individually meeting the transverse strength requires
ments will be permitted when reinforced by a stronger pole of
either side if the average strength of the three poles meets the
transverse strength requirements, and the weak pole has not leg
than 75 per cent of the required strength.

Exception: An exira pole ingerted in a normal span for the purposs
of supporting a service loop may be ignored, if desired, in the caleulg
tion of the strength of the line.

(e) Actual Span Lengths and Pole S trengths at Crossings.

In case, however, of crossings over railroads or signal ling
(other than those mentioned in Order 1234-b—3 and c—3), t
actual lengths of the two spans adjacent to the two structures cof
cerned, and the actual strengths of the crossing poles, shall §
used.

Order 1243. Strength of Steel Poles and Towers and Othi
Metal Supports.

(a) Loads and Limiting Stresses.

(1) Steel supports, steel towers, and metal poles, together
their foundations, and guys when used, shall be so designed
constructed as to withstand the stresses due to the loads ass
in Order 1242. Under those loads the caleulated stresses in f
steel members and in the guys shall not exceed the followi
values, which are intended to be limiting unit stresses, not
excess of the yield point, beyond which the structures as a wil
would be liable to failure.
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Structural Steel:

13 BTy 1-0 {00 R SR 27,000 pounds per sq. i

) q. inch

NG (o i oiis s S dim 24,000 pounds per s

Compression ........ 27,000 — 90L E LR
Bolts, Rivets, Pins: 3

Shea? ............... 24,000 pounds per sq. inch

Bearing ...oooeeeees 48,000 pounds per sg. inch

Beading . -.iiaaerrs 36,000 pounds per sq. inch

[ S e One-haif the ultimate strength

(2) These values for structural 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

HOLEL N 3 3 , the low
gra,_lt:e---genamlly having a strength of about 60,000 pounds per squ:::
inch while the highest grade has a strength of 180,000
Ly s pounds or more

(b) Guys.

; The use of guys to obtain compliance with these requirements
18 l:ggarded as generally undesirable. When the guys are neces-
Sarllyused, the steel supports or towers unless capable of con-
s_;_;:cnlerab}e”‘deﬂ'ectmn shall be regarded as taking all of the stress in
the t-_:ten“m Wh-xch the guy acts, up to their safe working load,
algd hfhe guys shall have sufficient strength to take the remainder
of the assumed maximum stress. (See O i

( : ; e Order 1212-¢

tawggg;;} : for flexible
( ) Total Minimum Strength. :

‘Steel towers shall have a minimum strength sufficient, if all con-

guetﬁt-_s_ are removed, to withstand a transverse force three times

jputed for the tower alone,

% _I:__T;a‘]‘igs&sgmpiﬁ structures are tested, or similar structures
ene 3 to.a_aspr.e t_he c_ompliance of structures in any line
quirments; it is recommended that structures be designéd

computed strength . :
i ngth at least 10 per cent greater than that

(d) Foundations.

$ or poles shall preferably be placed on concrete or

any localities the soil and climatic conditions are

"."“ s ﬁ.ﬁ. e o it :
: a!& i lter the_ strength of foundations considerably from time to
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time, there should usually be provided a considerable margin af
strength in foundations above that which (by calculation) will just
withstand the stresses under the assnmption of average conditions of

climate and soil.

(e) Anchor Towers.

When steel supports or towers are used which are not capablg
of withstanding approximately as great a force longitudinally ash
transversely, anchor towers shall be placed, at intervals not greated
than 10 spans, which shall be able to withstand the combined
longitudinal tension of all conductors 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 ng
less thickness of metal in members than the following :

Legs, galvanized, %¢ inch; other members %4 inch.

Legs, painted, %4 inch; other members, %4 inch. _

(2) Such steel poles or towers, including footings, shall be sd
constricted that all parts are accessible for inspection, cleaning
and painting when necessary and that pockets are not formed i
which water can collect. The ratio of L, the unsupported 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 20§
for other members having figured stresses.

Note: The straight line formula given under (a) ahove for thf
allowable stress in compression automatically limits the stresses i
steel members to safe values even though the ratio L/r is greater t
the values given above. In other words, for larger values of L/,
to increasing L, the value of the stress is reduced so much that uf
hazard can resulf.

(g) Protective Covering or Treatinent.
All iron or steel poles, towers, or supporting structures, and @
hardware, including bolts, washers, guys, anchor rods, and sim
parts of material subject to injurious corrosion under the pr
ing conditions, shall be protected by galvanizing, painting, or oth
treatment, which will effectively retard corrosion,

Order 1244. Strength of Wood or Concrete Supports.

(a) New Poles.
‘Wood and reinforced concrete poles and their foundations a
guys (when used) shall, when installed, be of such material ;
dimensions as will withstand the loads assumed in Order 124
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without the stresses under these loads exceeding 50 per cent of the
assumed ultimate strengths of the material. (For method of com-

puting strength of construction see Appendix B.)

(b) Maintenance.
Wood poles shall be replaced or reinforced when their strength
eased to two-thirds that required for new installations for

Girades A and B construction, and to one-half for Grade C con-
‘struction.

(¢) Selected Poles.

- Except for crossings over railroads and over signal lines (other
than those mentioned in Order 1234-b—3 and ¢—3) two-thirds of
thg movement on wood poles (calculated as in Order 1240 and

242 due to transverse wind pressure may be used in finding the
in the poles, under the following circumstances:
The poles shall be specially selected clear wood poles.
@1 ﬁy shall have dimensions not less than those listed in
‘Tables 41, 42 and 43, Appendix B-4. These dimensions corre-

g@nﬁ to ;pmies usually classified as Class A for Grade A and as

- Grades B and C.

iey shall be systematically inspected and maintained by
. repair, or replacement in accordance with 1244-b.
Minimum Pole Sizes.

. in grades of construction A, B and C shall be of
t har ree from observable defects that would decrease
h and durability and shall have no less nominal top
& -ax-:l.ﬁ“_fﬁches-, except that for Grade A a minimum of 7
required

ix B for data for computin ;
D i [ 01 g fransverse and longi-
required for line supports. i

1ys .@3.&-{1 to meet the strength requirements for wood
ete Bles they shall be considered as taking, in the direc-
-they.- act, the horizontal component of the entire
icting as struts, resisting the vertical component,

ength of Crossarms and Conductor Fastenings.

sarms of Selected Vellow Pine or Fir.

oss-sectional dimensions of selected i

| e _ ( yellow pine
or Grades A, B and C construction shall bg as




- corners, and dead ends in order to permit conductor fastenings at ©
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For Grades A and B
BraEd pln, o s e 2 xt dn.
A sk < e et NS x4y in.

For Grade C
28,x38 in.
3 x4 in.

Exception:
inehes 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, wheg
installed, withstand the vertical loads specified in Order 1242 withs
out the stress under these loads exceeding 50 per cent of thg

assumed ultimate strength of the material. They shall also with;

stand any unbalanced longitudinal loads to which they are exs
posed, with a limit of unbalanced tension where conductor pulls

are normally balanced, of 700 pounds at the outer pin.

(¢c) Bracing.

Crossarms shall be securely supported, by bracing, if necessar
so as to safely support all other loads to which they may be su
jected in use, including linemen working on them. Any crossar
or buckarm except the top one shall be capable of supporting
vertical load of 225 pounds at either extremity in addition to ¢
weight of the conductors. In general, they shall be maintained
right angles to the axis of the pole and to the direction of
attached conductors, and at wire crossovers shall be attached
that face of the structure away from the crossing, unless speci
bracing or double crossarms are used.

" Note: Double erossarms are generally used al crossings, unbalanei

insulators, and go prevent slipping, although single crossarms mig
provide sufficient strength. To secure extra strength, double cros
arms are frequently used, and crossarm guys are sometimes used.

(d) Pins and Conductor Fastenings.

Pins, ties, and other conductor fastenings for Grades A, B 2
C construction shall have sufficient strength to withstand
unbalanced tension in the conductor, up to a limit of 700 po
per pin or fastening.

Note: Tie wires or fastenings should have no sharp edges or bulj
at contacts with the conductors.

(e) Height of Pin.

The height of the pin and of the conductor fastenings and ¢
material and cross section of the pin shall be so chosen as to a
the required strength.

(1) Grade C signal line crogsarmsg may be 2% x3%
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Note; The method of attaching conductors by suitable ties to single,
pin-type insulators mounted on 11%x9 inch wood ping of locust or equiv-

alent wood will usually provide strength up to 1000 pounds conductor
tension with the conductor 3.5 inches above the crossarms. Suitable
steel pins afford greater sirength both for the pins and for the cross-
arms.

Order 1246. Conductors—Material, Minimum Sizes, and Sags.

(a.) Material.

| conductors of Grades A, B, or C shall be of copper, alumi-
num (with or without steel reinforcement), copper-covered steel,
or other material which will not corrode excessively under the
prevailing conditions.

(b) Minimum Sizes.

Supply conductors (including lightning protection wires paral-
! uctors) shall not be smaller than indicated in the
, except that longer spans may be used with any

r size if the separations and clearances given in

BLE 9.—MINIMUM ATLLOWABLE CONDUOTOR SIZES FOR SOLID OR
g STRANDED CONDUOTORS

for ,ﬂn‘pper and -&Iﬁrﬁinum: Steel W. G. for Bteel,

Limiting Span Length in Feet
150 [ 175 200 | 800

4 4 2
1]

UM OR HARD DRAWN BARE COPPER WIRES

L]
8

Limiting Span Length in Feet

150 175 200 300 400 ! 500
6 4 4 4 2 2
8 6 & 4 2 2

' BOF'T DRAWN COPPER WIRES

~| Timiting Span in Teet

120 178 200
4 2 1
4 z 2
6 2 2
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STEEL WIRES

__ (8) Soft copper wire has a yield point less than one-half that of
nedinm drawn copper, and hence stretches permanently with a cor-

gpans 150 Feet | Spans Txeesding,
or Less 150 Feet

-ad e, : 2 <

s I 3 = respondingly lighter loading of ice and wind.

B R (A, | 9 6 opper wire does mot have so sharply defined a yield point as
| i ractical purposes the yield point may be considered as

point beyond which the wire is permanently elongated and the

ATUMINUM WIRES WITHOUT STEEL REINFORCEMENT e
anently increased. If the wire when first strung ig pulled to

e ———

_____________..__—.———-———‘—-_'_‘__-__._—.———-———'—-_'_

Grade Spans 150 Fest
or Less

e

A, B & Oeeean = -
1 | 0

-

ALUMINUM WIRES WITH STERL REINFOROEMENT

Spans Exceedin
150 Feet:

Spans 150 Weet | Spans Txceeding
or Less 150 Feet =

_,(E‘EE__——I—-—-——-——_—‘_'—"—'_'___' 1 i 3.1 o) ] 1 [ e 5 B, 5 E
- : eased that the clearances or separations of con-.
Ay B (O oses g mmmmior eSS e R i 4 - below the requirements of the rules.

==

Note: For sizes and material requirements of suppf'y service lead
sae Order 1219.

stretches more than medium or hard, the
essary chiefly in lines where soft wire is

(c) Sags and M aximum Tensions.
In grades of construction A, B or C conductors of hard, med
and soft-drawn copper and steel chall have normal sags at 60°
" with no wind as nearly as practicable to those given in the ta

of Appendix A, :

Exception: Less sags than those listed may be used if pins, fas
ings, crossarms and poles of sufficient gtrength to withstand the
responding increase in longitudinal stresses are used, but sags shall
be so decreased from the tabulated values, that, under the maxis
assumed loading, the tension wiil exceed 50 per cent of the brea
strength of the conductors concerned for Grades A and B constructi@
and 60 per cent for Grade C construction.

Note: (1) The sags given for copper in the tables are based !
‘experience and are designed to give the best results from the 8
point of salety and continuity of service.

(2) In order to minimize the danger from wires swinging tog
and to permit the moderate pin spacings and crossarm spacings
tioned by modern good practice in overhead line egnstrmrti'un,_
neceggary to assign a limit to the sag, and hence to the recomm
length of span of the smaller sized wires, as indicated by the |
spaces in the tables. Longer spans may, however, be used W
jisted conductor size if separations and clearances (given in S
122), and the sags given in Appendix A are correspondingly inert
It is reéommend_ejd that medinm hard-drawn copper wire be us
stead of soft in new construction, especially for gizes small
No. 2.

ion on supply lines at voltages exceeding
ar.c'eialﬁ or other material which will g-ive'
respect to mechanical and electrical per-

that such insulators be marked by the
on num‘ber q-nd maker’'s name or trade-marlk,
g not to reduce the electrical or mechani-

used they shall have the same elec-
sulators on the line when under the
o which they may be subjected.
ed Structures.
d crossarms or other ungrounded sup-
ns of a crossing span at which the
d to grounded metal pins, grounded
| towers, or other grounded struc-
inded supports shall be capable of
a voltage 50 per cent higher than
ded supports.
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Where the supporting struetures for the crossing span

Exception: parts of the

are the same with respect to grounding as for the other
line, the insulators used may also be the same.
(d) Ratio Flash-Over to Puncture Voltage.
Insulators shall be so designed that their dry flash-over voltage
is not more than 75 per cent of their puncture voltage at a fre-
quency of 60 cycles per second.

(e) Factory Tests. C ‘
Insulators shall be capable of withstanding thhouif ﬂasi’l-mrer
at a frequency of 60 cycles per second the values given in the

following table:

TABLE 10

Test Voltage
Volta of Qircult

&= ‘D]_-y Wet
5,000 3,500
E0 11,000 8,000
2,800 - 17,000 18,000
4,000 97,000 20,000
6.600 30,000 22,000
TaBO0 | o i s i i e SRR ST 40,000 30,000
11,000 765,000 55,000
92 000 o 105, 000 75,000
33,000 135,000 95,000
44,000 160,000 115,000
65,000 2 185,000 135,000
66,000 235,000 170,000
88,000 g 285,000 ml%

110,000 - 375,000 225,
e ot 90,000 | 24, 00

Note: (1) By the term ';Wet" is meant a condition equivalent to a pre_f_
cipitation of one-fifth inch of rain per minute at an angle of 45 degrees

to the axis of the insulator. ) _
(2) Hach insulator for uge on lines operating at voltages in excess

15,000 should be subjected to a routine factory dry test at the value

glven in table above for a period of 3 minutes at a frequency of 6

high frequency tesis.
(f) Protection Against Arecing. -
In installing the insulators and conductors such precautions as
are sanctioned by good modern practice shall be taken to preven
as far as possible any arc from forming or .to prevent any a
which might be formed from injuring or burning any parts of

supporting structures, insulators, or conductors, which might rens

der the conductors liable to fall.

L,

cycles or to any other test ganctioned by good modern practice, such ag
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Order 1248. Special Transverse Strength Requirements.

(a) Alternative Construction in Special Cases.

In the case of structures of Grades A or B construction where
because of very heavy or numerous conductors or relatively long
spans the transverse strength requirements of this section cannot
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 distance between such side-

guyed structures of not over 800 feet provided:

(1) The slde-guyed structures for each such section of 800 feet or
less shall be constructed to withstand the calenlated 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 he substan-

‘tially in a straight line and the average length of span between the
‘side-guyed structures shall not he in excess of 150 feet.

(3) The entire section between the transversely strong structures

'shall comply with the highest grade of construction concerned in the
.given section, exeept as to the transverse strength of the intermediate

poles or towers,

(b) Strength of Crossarms and Pins.
The crossarms, insulator pins, and conductor fastenings con-

- nected to the structure at each end of the transversely weak sec-
- hion in lines of grades A and B construction shall be such as to
- Withstand, under the conditions of loading prescribed in Order

241, an unbalanced load equivalent to the combined pull in the
ection of the transversely weak section of all the conductors
ported up to 10,000 pounds plus one-half the excess for grade
or plus one-fourth the excess for grade B.

ote: If the unbalanced tension in any conductor does not exceed

ds, by the use of double wood pins, provided the lever arm of the
oes not exceed 3.5 inches. (See Appendix A for tensions.)

rder 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).

) Required Strength.

supporting structures (including poles, towers, crossarms,
itor pins, and conductor fastenings) for the ends of the
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higher grade section of the line shall be constructed to withstand
without failure under the conditions of loading prescribed in
Order 1241 a longitudinal load equivalent (except as noted in d)
to the combined pull in the direction of this section of all the con-
ductors and wires supported, the pull of each conductor or wire
being taken as the tension therein due to the prescribed loading.
Where it is difficult to increase the longitudinal strength, the longi-
tudinal stresses shall be reduced by increasing the conductor sags.
This may require greater conductor separation. (See Orders
1221, 1222, and 1223.)

Exception: Where this is impracticable the supporting structures of

the regquired longitudinal strength may be located one or more span

lengths away from the section of higher grade, within 500 feet on either
gide and with not more than 800 feet between the longitudinally strong
atructures, provided such structures and the line between them meet
the requirements, as to transverse strength and stringing of conduet-
ors, of the highest grade oceurring in the section, and provided that the

line between the longitudinally strong gtructures is approximately

straight or suitably guyed.

Note: (1) When supports of the section of higher grade are capable

of congiderable deflection in the direction of the line, as with wood o

concrete poles, or some types of metal poles and towers, it will bas
necessary to inereage the normal clearances specified in Order 1220 or

to provide head guys or special reinforcement to prevent such defle
tion. Yo called flexible steel towers or frames it used at such location
shall be adequately reinforced to meet the reguirements of (a) abovi
The requirements of (a) are usually met by placing supporting stru
tures of the required longitudinal strength at either end of the higher
grade section of the line.

(2) The reguirements may also be met by distribufing the head suys
over fwo or more structures on either gide of the crogsing, such st
tures and the line between them complying with the requirements
the crossing as to transverse strength and ag to conductors and th
fastenings.

(b) Modified Strength Requirements for Heavy Lines.

(1) In cases where the line is approximately straight on both
cides of the section of higher grade and in line with it, the stre
of each pole or each crossarm shall be such as to withstand
combined tension in the conductors up to 10,000 pounds combin
pull, plus one-half the excess above 10,000 pounds for grad
and plus one-fourth the excess for grade B, if the line on ol
both sides of the special construction should fail. In cases W
due to change of direction of the line or because of dead ends
longitudinal stresses in the conductors of the stronger se
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a - =
ﬂ:;es r::oil;) r;mmclely balanced by the conductors of the line beyond
ons ructlf}n, the construction shall be such as t i
the total combined tension. s
2 : y
(2) Where the section of higher grade is not in line with the

line beyond this section, sui
: , suitable guys sh 2 i
the resulting transverse stresses. it R Sl it

SECTIO 4
N 125. REQUIREMENTS FOR SUPPLY LINES, INCLUDING

ELECTRIC RAILWAY FEEDERS.

Order 1250. Compliance with Other Orders.
(a) Grade B or C Construction.

In addition to the requi )
: quirements of Sections 120, 121
| - ; : s X ,and 1
Lf:f) requudements ojf th-zs section shall be met by all supply linesz'z’
A aném ruratl districts where a definite grade of constructic:11
5, or L 1s required by Section 123, except in the important caser;

of crossings over railways or signal lines
2

se of poles, CDnﬂicts, and the joint

which are covered by Secti :
: y oections 126 and
(b) Special S trength. and 127.

Special longitudinal strength requirements are made in Ord
. rder

1249 for crossin :
—ihg gs of supply lin
cabled supply lines exceeg?ny ines of less than 7500 volts and of

" than 7500 volts, in urban
~ (c) Dead Ends.

Wh .

Y tir(; sué)pl_v lines of more than 7500 volts in urban districts

s . eiatist:;ldtsh or tg (ﬁmnges in line direction (even where no
S8 ey shall have construction c i i
oong . omplyin

: .:_g__ztudmal strength requirements of Order 124QP ot

{ T(:‘d) Clearances. .

Hor clearances of conductors and wires above roadw

ys and footways, and from oth
fders 1220, 1257, and 1258, ¢

g 7500 volts over supply lines of more
districts,

ays, rail-
conductors and wires see

der 1251. Supply Lines in Urban Districts.

(@) Lines of Less Than 750 Volts.

) O?‘uaf})]ly line‘s cu'f' less than 750 volts in urban districts where
§ ere crossing over, conflicting with, or where higher
! common poles with other supply lines of less than 750

ﬁd.on[y compl . .
i ply with the general requirements of Sections

e
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(2) 1f the lower supply lines have a volfage greater than 750

volts and are not in cable having permanently grounded continu-
ous metal sheath or armor and are not installed in compliance with
Orders 1274-c, d, e and f, both lines shall comply with the re-
quirements of grade C; i the lower supply lines are of more 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 7500 in urban
districts, where alone, or where crossing over, Or conflicting with,
or where higher on common poles with, other supply lines of not
more than 7500 volts shall comply with the construction require-
ments of grade C, as given in Section 124, unless the supply lines:
are in cable having permanently grounded continuous metal sheath’
or armor and are installed in compliance with Orders 1274-c, d, e,
and 1, in which case no grade is required. ¢

(2) If the lower supply lines have a voltage greater than 750008
and are not in such cable, both shall comply with the construction!
requirements of grade B.

(c) Lines of More than 7500 V olts.

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

Txception: Such lines if in cable having permanently g;‘ounded co

tinuous metal sheath or armor and installed in compliance with O
1274 need comply only with the construction requirements of Grad

Order 1252, Supply Lines in Rural Districts.
(a) No Grade.

Where supply lines of any voltage in rural districts are not (
cerned with crossing of railways of signal lines, or conflicts |
joint use of poles with signal lines, no grade of constructiol
required for conductors or supports, except as noted in (b) be
Such lines are subject only to Sections 120, 121, and 122 £
lation, guarding, clearances, and pole arrangements, etc.

(b) Grade C.

When either of two supply lines in rural districts, one of
than 7500 volts and the other of less than 750 volts, crosse
flicts with, or has common poles with the other, the upp
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;I‘lal.l be of grade C, unless the line of higher voltage is in cable
azu.aglpermane_utly grounded continuous metal sheath or armo
and is installed in compliance with Order 1274-c, d, e, and f. :

Order 1253. Constant-current Lines,

ar;.?\;’:;fd :;J.pp%f‘hlines only are concerned, constant-current lines
I with constant-potential lines and gr

! 1 aded by th -
inal full-load voltage of the circuit concernedfg s g

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 b
s : 4

the same or different utilities, shall have all supply lines arranged

as to relative levels, separati

g o , separations, and clearances accordi (
requirements of Section 122. , St
--Exneption :

‘Where poles are used in common by separately owned

ukiliti : ic
".1t1ﬂ'.s each of which may have supply conductors of different voltages

__-thsas;;)al:egoli, su;)p‘ay conductors of a lower voltage of one utility
_ at a higher level than those i .
o iAoy ‘ ; of a higher volta ]
her U.tllllf.}" .11.1 order to admit of keeping each utility’s su 891 Uf_an
Zmdadmcenz positions on the pole, provided that: )

o itorg o : '
nductors of a lower voltage classification shall never be at a

er level than those of a high i
er cl
£ tho polo, or g classification, unless on the opposite

t_hat a vertical spacing not less than 4 feet is maintained between

est line conductors of the r i
: respective utilitie i
ntified if necessary as a division space. PR R

. _1;.?;: freriri}i?; il:e 1;;:33 of higher voltage should be placed above
. ge. : is arrangement will often avoid the neces-
n ing the grade of construction of the crossar i
enings for the lower voltage conductors. b e

| Grade of Construction.

Po:.ltlt;ls or towers used in common by supply lines, as noted
.:_thz h}itage E‘che glrade cff constrl.mtion determined I;y Section
f - .g es' voltage lmes.carncd on such poles or towers
iditctors of all voltages being included in the com ios
8es on the poles or towers. S
e CiTD;S?.I‘ITIS, pins, and fastenings of conductors on poles
. ;1:; ven:h;:or:rgon fby supply‘lines, as noted in Order
g gta eo chstmctlon determined by Section
I es carried by the crossarm, pin, or fastening in
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question, according to their relation to other lines carried on the
poles or towers,

(c) Conductor Size and Sag.

The size and initial sag of each conductor shall be determined
by its own voltage and the grade 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 there-
fore be subject to different grades of construction requirements, the
grade necessary for any crossarm or pole being the highest required .'
for any conductor carried, by Section 123.

(d) Trolley Wires.
Where a trolley contact conductor is supported on a commonly-"
used pole, it shall be included in the computation of transverse
stress on the structure. !

Order 1255. Electric Railway Feeders and Contact Conductors,.

(a) Trolley Feeders as Supply Lines.

Except where specifically exempted (as for clearances and ele-
vation in rules for common use of poles in this section and in Sec
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.

(c) Trolley Contact Conductor Supports.
All overhead trolley contact conductors shall be so suppo
and arranged that the breaking of a single conductor faste
will not allow the trolley conductor or live span wire or curren
carrying connections to come within 10 feet from the grounc
from any platform accessible to the general public. Span
insulation for trolley contact conductors shall comply with O
1213-f. :
(d) High Voltage Contact Conductors.
Every trolley contact conductor of more than 750 volts in ur
districts (where not on fenced right of way) shall be so suspen:
that if broken at a single point it cannot fall within 12 feet fi
the ground or any platform accessible to the general public. =

vated to prevent a trolley pole
‘bridge in case it leaves the contact conductor, a substantial in-
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(e) Supply Lines Over Trolley Contact C onductons

Sft;pplytcm;ductors carried over trolley contact conductors shall
contorm to the same requirements ag ; i

: where crossing over sy
lines of equal voltage whether in urban or rural dist%icts e

Order 1256. Electric Railway Construction,

mzt the crossir?g and next adjoining spans, with catenary constru
tion for crossing spans exceeding 100 feet, 4
(b) Guards Undey Bridges.

Where passing under steel bridges that are not sufficiently ele-

from making contact with the

) ._C onstruction gt Railway Crossings.

-_H_gy contact conductors and feeders and their supportin
€es, w‘here crossing over railways, shall conform pto fhg
req;.urements._ specified for supply lines under Section 12:

3 theer .1260. "I.“-he clearance of trolley construction supports

€ rails of railways crossed over shall comply with the r

ents for supply line supports under Order 1211-c =

Dirength of Construction in Urban Districts Generall

¥ ‘;a'ntact conductors, feeders, and their supports, in urjl;an
e:.ua.lll comply WItI:l the strength requirements for supply
qual voltage, Direct-current circuits of more than 750

Toun hi
>tound where at higher levels and crossing over, con-

and having joint poles with, signal
- comply with the requirement Ol
ek Ca%s;)q ents of grade A. (See Order
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Order 1257. Wire Clearances Above Railways, Roadways, Order 1261. Compliance with Other Orde
rs.

and Footways. . |
5 Such overhead supply lines shall comply as to conductor sizes

g;iﬁ;?:;;tféags, agd as to materials, sizes, and strength of sup-
ﬂnn - .and Orilse arliz7s(.)t_taf:hments with the requirements of Sec-
oo cond; t ¢} as t.o separations, clearances and rela-

i 1c ors gnd wires on the line itself, with the re-
q of Section 122; as to guys and their insulators, with

the requirements of Orders 1212
. : and 121 i :
the requirements of Sections 120 and 123. B gy

The clear space between the lowest overhead trolley contact con=
ductor or feeder, or guy, spafl, OF messenger wire and the surfaces
of rails, streets, highways, ot alleys over which the former passes
shall not be less than given in Table 3 of Order 1220-a.

Order 1258, Clearances of Contact Conductors from Other
Wires at Crossings.

The clear space between the trolley-contact conductor and the Order 1262. Pole Clearance to Rail.

{owest overhead conductor of wire crossing above shall be not

(1) Poles or towers supporti
pportin the
less than the following at 60° F. with no wind. g the crossover spans of overhead

5 { .
; lﬁig 1:::3 over railways shall, unless physical conditions or mu
nicipal requirements prevent, have side cl )
¢ = earance not less than 12
t from the nearest track rail, except that at sidings a clearance

not less than 7 feet 1

i eet is allowed, At loading sidi
Signal 1Nes onoo-poz-smsomsm—een A : ; oading sidings suffici )
Slenal UneS 55 yolts.. .- shall be left for a driveway. g ient space
Supply lines, 750 to 7,500 volts E
Supply lines, 7,500 to 50,000 volte |
Guy, span, and messenger wired and GEIVICE 100D oamon——mmomgir g o =op £ . 'l,_z
1f trolley-contact conductor is of more than 750 volts, no eonduetor shall
O it T T |

(t? ;f .ose?head lines of the railway are crossed over, the pole
| structures of each line concerned in the crossover shall

clearances from the conducto
_ rs of the other li o
yrders 1221 or 1227-a, whichever applies. iR

g
Tor clearance increases see Order 1220-b.
Exception: Trolley feeders are exempt from a clearance Tequi

ment from contact conductors at the game nominal potential and

the same system.

Note: Unless the cross over conductors are beyond the reach of
trolley pole leaving the contact conductor or are suitably prote_'
agalnst damage from a trolley pole leaving the contact conductor; |
clearance from trolley-contact conductors of less than 750 volts
be not less than 6 feet.

1263. Wire Clearances Above Rail.

ee also Order 1220-a, wh

: , where thi i i

]"mlar e e same requirements are given

£ e.-:c;iear' space between the lowest overhead supply line con-
wire and the heads of rails above which the former cross

SEGTION 126. CROSSINGS OF SUPPLY LINES OVER RAILW ; o or wire has fixed supports and the span does not

Order 1260. Grades of Construction. learances W here Men Are Permitted on Ci
on Lars.

Overhead supply lines (or signal lines which have taken ; track rails of steam railways.
character of supply lines) crossing over railways shall
with the construction requirements of Grade A, except when ¢
spurs, branches, or other minor tracks only, in which case
shall comply with the construction requirements of Grade B. |
Order 1233 for full statement and Section 122 for W

statute on electric lines.)

v 1

iirgsyahges qf less than 300 volts to ground, overhead

.. . :1‘ h1‘1 their guy, messenger, and span wires, 27 feet

.a{;'nta 1: may be reduced to 25 feet where lines are parallele?
contact conductors on same street or highway .

Iv 1i

pl yql‘;lt;.:s;n")()o volts to ground up to 15,000 volts, 28 feet.
y' el ay be reduced to 25 feet where lines are paral-

'€ act conductors on same street or highway.
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' ! 0 0 feet. e .
i - fe 00 to 50,000 volts, 30 |
i (3) Supply lines, 15,0 " elts the given clsarance —M
'Jr!l it BException: For conductors above 50, 660 ol geess.
- I hall 'Eé inereased at the rate of 0.5 inch per i,
| sha i ¢ Conductors, 22 feet guoviy s, 0 to ;m wolts-._ ; :
- 3 | - & it ines, o 7. Folts.
i * "| (4) Trolley Coptgc _ ) g;lq.g.gi; linos, T.508" 40’ 3000, 9o 2
! g “' (See also Order 1256.) . and span wires $
Al i (b) Increased Clearance for (a). s ans e 1 I e
i : - ns fiot excee ing CEL
SR i : i (a) apply to span
il The clearances 0 [
T

; = B

ks : - nereased by 1 inch for each 10 feeb S

1 ¢ spans they shall be increase hei .

i E? rth(::ngzcesi botween 150 and 300 feet and by 1 inch for eac

it fl,, 20 feet of the excess beyond 300 feet.
)

‘Order 1265. Increase of Clearances in Special Cases,
(a) Clearance Increase for Long Spans.
The clearances of Order 1264 shall be increased where the sum
he distances from the point of intersection to the nearest sup-

g structure of each span exceeds 100 feet by 2 inches for
10 feet of the excess between 100 and 200 feet, and by 2

es for each 20 feet of the excess beyond 200 feet.
ly line con=S . : .
. sy e et QT8 R : . (b) Clearance Increase for High Voltage.

.The or g o0 beaﬂ wite g e e apducior '  The clearances of Order 1264 shall be increased, where tha
ductor or gy & 2 o the operation of the railway (except (RS |~ ds 50,000 volts, by 0.5 inch per 1000 volt
o mncemeciimt E':s. aﬁul gusr or span wires on the sa y:.me“vo age exceeds 50,000 volts, by 0.5 inch per 1000 volts
crossings between conductor Bolugniot, b

s, :ch see Order 1221) shall not be X '_
b e i i here the upper conductor or W
t 60° F, with no wind, where the upp &
gzlsoﬁw}’c:d supports (pin or strain-type msu}ators), and .tha s;.:m
tﬁe distance,s from the point of intersection (tlalégefne:.reiw
X t exceed LU eet. Ve
‘fing structure of each span, does Not EXCEEr 7 :

E?;sistilgg over supply conductors of the railway excess of

volts, the clearances of Order 1220-c apply.)

Order 1264. Crossover Wire Clearances to Railway Wires.

(See also Order 1220-¢, where the same requirements are givern
in tabular form.)

Clearance Increase for Suspension Insulators.

itial clearances, where the upper line at a Grade A or B
‘over track rails or signal lines is supported by suspension
tors, shall be sufficient to prevent the minimum clearances of

1263 and 1264 from being reduced through the breaking

uctor in either adjoining span by more than 10 per cent

or by more than 25 per cent over conductors or wites.
The arrangement of insulators so that they are restrained

cement toward the erosgsing will obviate necegsity of any
ver the clearances given in Orders 1263 and 1264,

creases Cumulative,

(1) Above signal conductors (of railways) !

ﬁﬁ_——

R e G

Supply lines 0 to T80 VOIS o-ceeres iroating s ok within 6 foet of ﬁa—s’ bove increases are cumulative when more than one applies.
: L ; 3 8. =
"Il?igo?gnbeg rr:xﬂd :]hc:%r%‘;fmigwmld the voltage 18 not more than 300 voli!
Tooly N 500 volts
Supply lines, 750 to 7,500 7 ]
su%ﬁm lines, 7,500 to 50,000 volb

ia 1 ). Protection Against Conductor Breakage.
: w50 v

eTvice supply conpections (0 to

%f;. messenger, and span WIres.-..----

T e R S iices and Taps.
. Y

(2) Above supply conductors of not more than 7,2?5

(Signal conductors are defined as supply c_onductorf w
ating at more than 400 volts to ground and supplying

signal systems.)

not be made in the crossing span and preferably
‘adjacent spans, which are depended upon for with-

longitudinal stress of the crossing conductors. If a
1p is made in any conductor in the span next to the
an, it shall, where practicable, be placed at a point
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nearer to the crossover support than is the nearest conductor

crossed over.

Note: It is not the intent of this order to prohibit the installation,
in either the crossing or adjacent spans, of reliable protective devices
of the drop-out digconnector type that require making a joint in the

conductor,
* (b) Falling Trees.

The crossing span and the next adjoining spans shall as far as
practicable be kept 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 crossover span is constructed 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
ground or of the rails, the requirements specified in Section 124
as to conductor sags and sizes are, so far as they are required by
reason of the railroad crossing, waived provided that a perma-
nently grounded guard arm is installed at each crossover support -
in such a manner as to prevent condtctors which break in either
adjacent span, from swinging back into the space between the.

crossover supports.

Order 1268, Underground Lines Crossing Under Railways:.-._

Underground supply lines crossing railways shall comply wit
the requirements of Sections 120 and 129, and particularly ©
Orders 1290 and 1295. These orders require that manholes, pu
boxes, and terminals shall, where practicable, be located a3
from the roadbed, and that conductors and cables carried un
ground, under railways, shall be placed in suitable ducts.

SECTION 127. SUPPLY LINES OVER SIGNAL LINES AND
USE OF POLES.

Order 1270. Special Requirements and Compliance
Other Orders.

(a) Grade of Construction. :

Overhead supply lines crossing over signal lines under the
cumstances noted in Order 1234 shall comply with grades of
struction A, B or C, as noted in the order referred to.
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(b) Compliance with Other Orders.

Suc_h overhead supply lines shall comply as to conductor si
matg.nals, and sags and as to materials, sizes and stren; thorfblzes’
porting structures and attachments with Section 124; gas to )
{-atlons z.a.nd clearances of conductors and wires of thé C,l e
1t5e‘lf ‘w1th the requirements of Section 122; and as toS i 113“_3
their insulators with the requirements of Oré‘ners 1212 angulyzslgnd

(¢) Where Concerned with Other Ouverhead Lines or With

' Railways.

vi:;ch_t(})lvcrheald supply lines where also concerned at the cross
with crossings, conflicts or common use i !
4 : A : of poles with over-
:}.u:ad li-rxes_other than the signal lines crossed over, or with a :;ill-—
;vzago crossing, sh:all comply also with the requirements of Order
as to relative levels and with Orders 1231 to 1235 as t

character of construction, with Orders 1281 and 1282 as to gnying

span length, etc., and with other ord i
. ’ er ' -
to these conditions, £2.0f this section which apply

(d) Pole Clearance.

E .hehp.clyl].ehor tower structures of each line concerned in the cross-
over shall have clearances from the conductors of the other line
¥

Ry as required by Orders 1221 or 1227-a, whichever applies

(e) Wire Cleavance Above Signal Wires.

The clear space between the lowest overhead supply line con-

“ductor or i
‘ guy, messenger, or span wire, and any signal line con-

or or gi : - mes i
guy, span, or messenger wire over which it crosses (ex-

‘eept for crossing:
13@@9 ossings between conductors and guy, messenger, or span
4

€8 i
i ;:et:ebsz;.me polgbfor which see Order 1221) shall not be less
i elow at 60° F. with no wind, wher ‘
e , where the up -
o . per con
A ;u::r;f }125 g?{ed supports (pin or strain-type instulators)
It e distances from the point of intersecti ,
; : ersection to the
t supporting structure of each span does not exceed 100 feet
Above signal conductors: RS

| et

0 to 750 wvolts
%fgﬁ-“{?.'m i .
Ko ad Lo zedudell 108 teet, 34 the Trasming 18 not within

om any Ly
olts: pole concerned in the erossing, and the voltage 48 not

and supply lines, 750
~and supply lines, 7 Eww ) i .
essenger, and span Mo e

e b

(1=
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(2) Above guy, span, or messenger wires (of signal lines) :

Supply lineg, 0 to 760 YOIBS .omoooooomommmeino oo
Supply lines, 750 to 50,000 volts.---
Guy, messenger, and fpan T B o o o e e B e i

(f) 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: Reciuirements for protection against conductor breakage are ]
given in Order 1266.

Order 1271. Supply Lines Conflicting with Signal Lines.

(a) Strength of Construction.
Where supply lines are at higher levels and conflict with signal

lines, the requirements of Order 1270 apply in general to the con=
flicting supply lines, just as they apply where the supply lines cross:
over the same signal lines, '
(b) Awvoidance of Conflict.
Two parallel pole lines, either of which carries supply lines;
shall, where practicable, be so separated from each other that’
neither conflicts with the other. (See Order 1272-a.)

Order 1272. The Joint Use of Poles by Signal and Supply’
Lines—Supply Lines Above Signal Lines. -

(a) Awvoidance of Conflict by Joint Use.

The separation of two parallel pole lines, one of which car
supply conductors and the other signal conductors shall, whi
practicable, be sufficient so that neither conflicts with the other
and if within conflicting distance, they shall be separated as faf
practicable.

Note: (1) If separation beyond conflicting distance is impractica
the choice between a joint pole line and separate conflicting lin
pends on the voltage of the supply circuits, the total number
weight of conductors, the tree conditions, number and location
branches and service drops. availability of right of way, ete., a8 |
ing the relative safety attainable at reasonable cost.
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{2) Where signal lines in urban districts are concerned onl ith
supply lines normally operating at voltages not exceeding 5003( :;M
between conductors (or 2200 volts to neutral or ground) or const :
current t?imuits not exceeding 7.5 amperes, joint econstruction is recan -
mended in preference to separate pole lines on the same sireet or h'mg-
way l.mless the number of conductorg is very large or the charact i
the circuits makes joint use undesirable. SRR

{3) Outside corporate limits of cities or villages or districts havi
t_.he same character or density of population supply lines and si r;gl
lines (unless in cable) should where practicable oecn i gﬂ
el py opposite sides
. ;4) 'Where signal lines are concerned with supply lines normall
operating at more than 5000 volts between conductors (or 2900 volt ty
peutral or ground) or with constant enrrent circuits carrying rﬁorg tS}.J :
’35 amperes, joint use ig not recommended in preference to 'an
pole lines, except e

(I) Where it is impracticable to se i i
gmid i parate the lines sufficiently to

(I1) Where there would be a consid

: erable number of

or branches from one line which must croszs the other ek g
(5) In any event, howeyer, joint i :

4 s use is prefer i

B preferable to the overbuilding

(b) Strength of Poles.

Poles used jointly by supply li i i

- ply lines and signal lines with th

aupply 111'163 above shall have the highest grade of constructioz

. @emﬁefi in (_)rder 1234 according to the voltage and character of
the various lines carried by the pole.

. - Exception: Where the signal lines are used exclusively in the opera-

of supply lines the grade of construction need not be that required

ave but the lines shall = :
Betow., oceupy the same relative positions noted under

(e) Conductor Supports. :
|j.. he hsltr}e;ln.gth of crossarms, pins, and fastenings shall conform
th- ighest grade of construction required for the lines carried
e partmula? crossarm concerned, according to Order 1234
Ta-y sometimes be a lower grade than that required for the
tower by reason of other lines carried on higher crossarms
; Spec{at Provision Regarding Transverse Strength
”e_alt-:uiatmg the transverse forces upon poles carrying supply
tctors .above signal conductors, where no supply conductors
t.w :~,1gna.l conductors, and where the reduction in transverse
given in Or.der 1244-c is not used, the number of signal
lors upon which the transverse force is calculated shall be
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taken as only one-half their total number, provided that they are
smaller than No. 8 Stl. W. G. if steel, or No. 6 A. W. G. if copper.

Note: There are two reasons for this exception.

(1) Signal conductors of small sizes and strung to gmall 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 conflicting
pole lines used to limit the number of wires per pole lead. :

(e) Longitudinal Stresses.
In calculating the longitudinal stresses upon jointly used poles
complying with Grade A or B construction requirements where
crossing over railways or over signal lines (where these crossings
would of themselves require compliance with Grade A or B con-
struction of the crossover span) the tension in the signal con-
ductors shall be considered as fimited 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 conductors at 60° T, 4
(f) Clearances, Separations, and Relative Levels. b
The clearances and separations of supply and signal conduct
on jointly used poles, as well as the relative levels are covered 1
detail in Orders 1224 and 1230. In general, signal lines for publi
use shall be not less than 4 feet below supply lines. :

Exception: Span wires or pbracketg for gupporting lamps
trolley contact wires on jointly used poles may have less clearance fro
signal attachments than specified in the foregoing, but in no case 8
the clearance be reduced below the following:

From span wires or brackets for lamps or trolley contact
to crogsarms carrying gignal conductors, 2 feet; to messenger
carrying signal cable, 1 foot: to terminal boxes of signal cable, 1

Where it ig not practicable to obtain a clearance of one foo!
terminal boxes of signal cable, all metal parts of terminals shall ’
the greatest practicable separation from fixtures or span wires ini
ing all supporting screws and bolte of both classes of attachment

Note: (1) Where signal lines are below supply lines, the ret
ments for Grade A, B, or @, strength of the signal line crossari
and fastenings are avolded.

(2) The establishment of standardized levels in any given
munity, as recommended by Order 1230, facilitates the extensi
lines and the safety of the public and workers by permifting
desired relative levels and clearances to be readily obtained on I
used poles as well as in crossings and conflicts.

~ Grade D conductor sizes and sags under Order 1283.)

~ (d) Minor Extensions.
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Order_ 1273. "I‘he Joint Use of Poles by Signal and Supply
Lines—Signal Lines Above Supply Lines.

Note: Thig relation of levels ig not i
in gen dasicabl
Bo- avilded wheve prasticahls, general desirable, and should

(a) Strength Regquirements.

: Poles‘i ot towers used jointly by signal and supply lines, with the
s;gnztxl lmgs aliove the supply lines, shall comply with the require-
ments and rule i i
g es referred to in Order 1272 as well as those in this

(b) No Reduction.

‘ Ihe. grade of confstructicrn A or B where required for the signal
lines, includes the size, material, and sag of conductors as well as
i;-he strength c?f structures required for supply lines of the same
-.g_rz'tde by Sectw}lll 124 with no reduction in transverse strength re-
quirements such as is permitted by Order 1272-
lines are above signal lines. . iy 2y

(c) Grade C Signal Conductors.
Signal conductors which are required to comply with Grade O

b J:c’ia_n.s.’rructieﬂ may be smaller than Grade C supply conductors, but
must not be smaller nor have less sags than for Grade D construc-
tion for spans up to 150 feet; for spans over 150 feet the re-

quirements for supply conductors must be met. (See tables for

In 'lo'ca]i_ti_es where the practice of placing conductors of signal
re 1?5 for public use above supply conductors has been gene;gall

_ .hs-hed,_ minor extensions with the conductors in the samﬁ.
tive p'.os1ti‘ons and with the clearances covered by the table may
. ade in either system, but these extensions shall not continue
ond a location at which it becomes practicable to changé to the
wwement standardized by these orders. :

der 1274. The Joint Use of Poles b
e y Cabled Supply Li
and Signal Lines. pply Lines

Requirements When Cable is Unsheathed.

used jointly by signal lines and cabled supply lines not
__ permanently grounded continuous metal sheath or armor
‘meet a}l the requirements for poles used jointly by open
ly and signal lines given in Order 1272.
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(b) Strength of Poles When Cable is Sheathed.

Cabled supply lines having permanently grounded contin
metal sheath or armor shall be installed in compliance with (c),
(d), (e), and (f), below. When the voltage of the cabled supply
ines is greater than 750, the poles shall meet the strength require-
ments of Grade C as given in Section 124.

(¢) Messengers.

Messengers shall be stranded and of galvanized or copper cov-
ered steel with strengths and sags as specified in Order 1283-1 or
if of other sizes shall not be stressed beyond half their ultimate
strength when the cable and messenger are coated with one-half
inch of ice and subjected to a transverse wind pressure of 8
pounds per square foot of projected area.

(d) Grounding of Cable Sheath.

Each section of cable between splices shall be suitably and per-
manently bonded to the messenger wire at not less than two places.
The messenger wire shall be grounded at the ends of the line and
at intermediate points not exceeding eight hundred feet apart,

(See Introdutcory Part for method.)

(e) Splices.

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

(f) Insulation.
The conductors of the cable sh

a factory potential test

operating frequency applied con

conductors and between any con

uous

ductor and the sheath or armor.

Order 1275. Special Crossing Construction.

(a) Short Spans.

In cases where the crossover spafi is constructed of such a
s than the distance between either point
ductor and the highest conductor of

height that its length is les
of support of its lowest con
the line crossed, the requirements for conductor sags and for si
and type of conductors in Section 124 are waived, provided tha

d-arm is installed at each crossov

permanently grounded guar
support in such a manner as to prevent conductors, which break
o the conductors

either adjacent span, from swinging back int
the span crossed over. ’ R,

all be so insulated as to withstand *

of at least twice the operating voltage at
tinuously for five minutes between
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-Uriﬁ: 0vThi.su cl;aracter of construction is facilitated where the span
er is at a minimum elevation above
. ground level,
the crossover supports can be placed guite near together S

(b) Cradles.
Cbre.lldles are not re‘commended. It is less expensive and better
to build the supply line strong enough to withstand extreme cons

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

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

Order 1280. General Requirements.

(a) C.(mdi-téom Determining Grade,

(.1? Slgt}al lines crossing over railways, except in the cases
mentioned in Order 1235-b, ¢, d and e, are classed as Grade D ed
shall have construction in accordance with the followin . re u?n
ments. Signal lines crossing over minor tracks (as deft:rit:ledr;

Order 1235-b) shall conform to the requirements for Grade E

. (2})1 Where also crossing over supply lines (or signal lines hav-
ng t e clllaracter of supply lines) in the same span, the construc-
tion required shall comply either with Grade D, Grade E, or with

.~ Grade A or B according to th :
. t;_t.ion 123). g to the voltage of the supply line (see
(3) Signal lines crossing over the supply lines covered in

er 1234-c, and also crossing over railways in the same span
11.- comply with Grade D or E requirements except that Grade C’
uirements apply to conductor sizes and sags for spans exceed-
150 feet. (See also Section 122 for Wisconsin statute on‘

"th e I’I‘he. requirements for signal lines crossing over or conflicting
upply lines only are specified in Order 1287, and for signal lines

emfnts relate to Grade D construction unless otherwise

- For Grade E the transverse and longitudinal strength shall
tless than two-thirds of that required for Grade D.

__Prelﬁm’mry Assumption. -

:11: 'f;:a.iculation .of' all stresses no allowance shall he made for

ﬁg._;ﬁﬁétii:'ctmn, or displacement of any part of the sup-

i
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(d) Inspection. : . e
All parts of the supporting structures 0 . :
be exagnined periodically by the owner and all defective parts shal

be promptly restored to a safe condition.

ing span shall

Order 1281. Transverse and Longitudinal Strength.

(a) Tramsverse Guyif-zg. ! g i
1) The poles supporting the crossing s guyes
or(br)aced to withstand the transverse load put upon therr; hz:ﬁa;ﬁ
cordance with the conditions specified be‘lc;v?f.h 'Jf:; gatistfsthe s
1 1 irection in wiic ;
considered as taking, 1 the direction 1 ’ :
zontal component of the entire load, the poles, acting as struts,

i A1YS
sisting the vertical component. The calculated stresses the guy

shall not exceed one-half the ultimate strength of the. r;laterm;. 3
(2) The assumed horizontal wind pressuge atd1'1gt1t at;i :n »
irecti i he poles and conduc ors ]
the direction of the line upon t ] . e
foot of prolected area on Cyun
taken as 8 pounds per square e
' ted upon the poles ¥
surfaces. The pressur€ shall be compu . . e
i i « shall be assumed to be cov
jce covering; while the conductors St : .
i .+ i <o dia] thickness. In compy g
with a layer of ice one-half inch in 12 e
i the actual number ot €0
the transverse pressure on conductors e
| : larger numbers 0 wire L
tors shall be used up to 10. For : es
?:i(;—(z;?rd; of the total number <hall be counted with a minimum
]
10- - - : h
s (3) In calculating transverse foad a cable with 1ts suggort;;g
messenger with the ice covering shall be figured at their full value.
(See Exceptions below.)
) Longitudinal Guying. .
%1)) Thegpoles supporting the crossing spﬁnlsha(;nl be 1;1;.:3 E;};f:
i it d the load spec .
from the crossing SO as to wﬂ.h?’can ; ifpene i
aTv;nzyg;ys shall be considered as taking, 1 thc-duel:ctm:l)nt:; \;211;::
i : { the entire l0ad, A
t ct, the horizontal componerymt o
::::i?n; as struts, resisting the vertical component. The calculated

stresses in the guys

terial. : | A
ma(% The longitudinal 1oad shall be assumed equivalent to an

unbalanced pull in the direction of the Zrossing of ‘aﬂ bc;r;iutz:;

fres s - t conductor or Wir€ g

ires supported, the pull of eac .

(::; :me-haif its ultimate strength, In any case where ébai}gotaclmpnz ;

exceeds 10,000 pounds the joad shall be taken as 10,000 p \
"""" e ottha excess above 10,000 pounds.

| be side guyed

shall not exceed the ultimate strength of the .
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(3) For head guying, cables are not included in the count of
wires since the messenger serves as a head guy.

Fxception to Order 1281-a and b: (1) If a pole is of such strength
that it will not be stressed by the specified fransverse loading beyond
one-fourth its ultimate strength when ingtalled, 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 gtrength requirements for
grade E construction may be met without the use of gide guys, pro-
viding the pole is not stressed beyond one-half its unltimate strength,
and no requirements for longitndinal strength are made if conductor
tensions are balanced. Where conduector 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 ag practicable to the crossing, but at a distance not exceeding 500
feet from the nearest crossing pole, provided that the line is approxi-
mately straight and that a cable of strength equivalent to fthat 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
bheing 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, where practicable, be so located that crossing
and adjacent spans are in a straight line and free from exposure to

overhanging or closely adjacent trees or inflammable material ot

structures. (See also Order 1211 for requirements as to location
of poles.)

(2) The crossing span shall be as short as practicable, and in

' general shall not be Jonger than the normal span of the line. No
cerossing span shall exceed 125 feet inr length if this can be avoided.
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Displacement of Crossing Span.

cm of a crossing pola
s of the next adjacent
chall not exceed the

(b) Grading or Vertical

The vertical distance from the top crossa
to a straight line connecting the top erossarm
poles on eithet side of this crossing pole,
values given in the following table:

e
—_————

_"___'____._—-—__—:__'—._'_——'_—'_'—'—"_'_._-_-_._-_-__._.—-—-—

:_':"—_._,_-—_,.‘_____._.———
Average Length of gpan in Fest Allowable Vertlesl
PDistance in
e ____,___,.___,______,___.__._.-—
T.egs than 100 «omnmmommoememm==== B e 4
100 to 130 _——we-- e i 5
Exteeding 130 <iesamsnmsrmnermremmsctTTTT e s A &
: s e M

Order 1283. Minimum Sizes and Construction Details.
(a) Size of Pole and Setting.
Wood poles supporting the crossing span shall be of selected

timber, sound and reasonably straight. Poles shall have dimen-

not smaller than the values given in the tables of Appendix

B when carrying the numbers of wires there designated.

(1) Grade D. The minimum dimensions given in the tables of Ap-
pendix B correspond to poles designated by the wire-owning companies
ag class C, where not more than 90 wires are carried; class B, where 21
{o 40 wires are carried; class A, where more than 40 wires are carried.

(2) Grade E. The minimum dimensions given in the tables of AD-

pendix B correspond o poles designated by the wire owning companies
ag class C where not more than 40 wires are carried; class B where

'more than 40 wires are carried.

(b) Crossarms.

(1) Wood crossarms supporting the crossing span shall be of
yellow pine, fir, of other suitable timber and shall have a minimum
section of 2% by 3% inches. Galvanized of 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.

(¢) Pins, Insulators and Tie Wires.
(1) Insulator pins shall be of steel, wrought iron, malleable

cast iron, or locust or equivalent wood. S
have a shank diameter not less than 14 inch. Wood pins shall be
sound and straight grained with a diameter of shank not less than

114 inches. Insulator pins sh
"tand the loads to which they

s10NS

may be subjected.

teel or iron pins shall ®

all have strength sufficient to with-
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(2) Each insulator shall b
e - be .of suich pattern, desi
ol bei:fgh;i] It:;ur;;ed it ‘wﬂl withstand, wi’thosig?nj?;d ma(;
Mg Lo, of the pin, the ultimate strength of thg can
o ie m‘sulator. The conductors shall b “
pporting insulator ki
(d) Conductors. .

(1) Conductors sh
i all be of hard-d
steel, ealvani rawn copper, o
metal gpr::?dlz;d hSteel or other hard—drawnppcorfc?ggel -CO-‘.re{red
e Ioc’a i weh(.;re oe\;vciverﬁ, that galvanized steel shall. n;l‘;llf:lsi.xtézggl
€SS1ve corrosion :
(2) If spans in e would result.
_ excess of 150 f "

conduct i eet are necess ,
(S OC’rS specified or the sags shall be corre, da‘ry, the size; 0

Eee rder 1282-a.) spondingly increased

3) Co : ; .
ik )size ;:&Jf;:)rs of. material other than the above shall b
e s e.reded as to have a mechanical strength ngte] crf

(4) Twisted pSI.zes C?f copper conductors given below o
: | air wires without a ; :
in no case be ; supporting mess: -
for Grade E illiSSSaizrlirade f B ouns et tghan IO%I‘%Z; 5?11111'
- er than 125 { Pt
e rat ek S eet, and shall b :
e messcfl:aztmﬁb]]e' E_ach wire of a twisted-pair noet esll.llmmamd
e t;g r sd all be tinned hard-drawn copper not sma]fpozed
hi s nned co o er than
B pper-covered steel not smaller than No, 17 or

(5) The minimur
i 1 allowable si
R & ameni stall be ss follgies: e sizes for conductors of the cross-

TABL. =
E 11—(1) MINIMUM WIRE SIZES FOR GRADE D

Conductor
Fggta ng 125 125 Spp:;%s agt\.lY&rN

| +
gﬂﬁnmm or Less Owver 150 Jli‘aet,{‘I

Gilaaizcn ﬁwﬂ?lf No. 10 A. W. G N
{ steel in rural distriets..-- ﬁg' %g gtl. o ﬁg. ggﬂ ‘% s
R 1280 W. G, | No. 1058 W. &
. G v Stl. W. Q.

Note: The us
: se of No. 12, and N
over railro L 0, 10 steel wir .
ads where train service is frequent Erfswl?et recommended
ire is subject to

‘excessive corrosion.

TA
BLE 12—(2) MINIMUM WIRE SIZES FOR GRADR
E

Conduetor Spans 125
Feot or Less i5s Sanents Over
‘Hard drawn copper ool Br How
dalvanized 51;_%11) ------------------- go' VA W G = e 160" Feet
: - 0,12 8t. W. @ ‘ lo. 10 A, W. G
- 8. | No.1088l. W. G
. e
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3 N W (8] o
b'gl a.l C l‘iduct{]rs hich are teq_\]lred tﬂ co pl)‘ g 5 ‘
1911 0 W : | m th a-dc C
(:(I'[ls‘ Tc ,ti() y tl‘an gl‘a (3] pp b |
Sha 1o v T Idde D con

150 feet the
tion for spans up to 150 feet; for spans over
struction

re 1Iellletlt5 fDl‘ & l. C()ndu tors hal e me

CotlduCtOTS Oi th& G IOSSIIlg Spa‘n "}.11‘:1“ b&: St
l(]t, es t an a own n L} 01 Owlng ta.ble.
1 1 5

BER WIR
TABLE 13- SAGS OF H.ARD—DRAWN BARE COFPE v

rung with sags

e

——

Sagin Inehes e i

..
gpan in Feot puaew, | avEE ) o
D NESTRe
Tength of _______,___._-—-—||—'—"‘_"_'_"_—'_|_
i e :I 45 fSe =
2.5 | 5.5 | 9
3.% 7 \ %.-i
55 8.5 e
6.5 | 19
7.5 | =
6 @ |

ossible, be located so that the hori- .
d line of the pole to the guy OF ggy_ J
above ground of the attachment &

Guy anchors shall, where P

: the groun
atal distance from 3 .
zod will be not less than (i heg d not less than one-third =
ro to the poles e g an]] be attached as near to
c-][f1 tth; g;gt for side guys- The guys S?‘;l g‘iYS and anchors shall
as icable. eg 3
mes TpOse

be maintaine

for which they are intended.

£} Messengers. :

((1)) The following table gives

steel strand messenger cable to
sizes of conductof cable:

{ LE
TMUM SIZES or MESSENGER O{B
e ——

the minimuin sizes of ga.h.ramze___
. i St
be used for supporting differ :

TABLE 14—MIN

minal)
———————— Messenger Canble (Nom h
Siza of Gonductoryoggle Ultimate Tensile lrog
in Weight per ¥O! :

,000 pounds
1,000 pounds

T.ess than 2.5 pounds 16,000 pounds

o5 to b pD‘UIldE
TFxceeding 5 and

e — . for heavier cables a P
150 feet or s onat
T spans exceeding _ ther proportion
2) Foi Plarger messenger cable of © ’
~ortionately _ T s ieed:

jeta than 8 pounds \
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(3) Multiple wire cables and their messengers shall be sus-
pended with a normal sag of 60° F. so that when they are sub-
ject to the loading prescribed in Order 1281 the tension in the
messenger cable will not exceed the following values:

Nominal Ultimate Tensile Strength of Safe Workin T
Messenger Cable g Tensgion of

Messenger Cable

6,000 pounds 3,500 pound,
10,000 pounds 5,900 goundg
16,000 pounds ‘8,500 pounds

Order 1284. Signal Line Clearances.

(a) Clearances From Ground or Rails.

(1) The clear 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 contact conductor at a lower level, the clear-

ance of the signal conductors from the rail may be reduced to
25 feet.

(3) When signal conductors cross tracks not carrying traffic
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 clearance
must be provided as given by Order 1220-b.

(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 neater 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 structure and at different levels shall in no case

~ be less than 12 inches.

Note: This should preferably be 24 inches. (See algso Order 1223.)
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(c) Pole Clearances.

Unless physical condition
the side clearances of poles sh
nearest track rail, except at sidings where cleara
than 7 feet is allowed. Where conductors of one pole line cross
over or under conductors of 2 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 TOWeX of the second line, unless

the conductors are attached thereto.
Order 1285. Crossings of Signal Line

(a) Underground.
Underground signal 1i

requirements of Section

1290 and 1295. Manho
cated away irom the road bed (prefera
onductors

of way of the railway.) C
be placed i suitabl
n 129.

rements prevent,

s or municipal requi
12 feet from the

all be not less than

s Beneath Railways.

ways shall conform to the

s 120 and 129 and particularly of Orderd
les, pull boxes and terminals shall be lo-
ly outside the fenced right
and cables carried unders
e ducts conform-

nes crossing rail

ailways ghall

ground under
rements of Sectio

ing to the requi
(b) Under Bridges.
Overhead signal lines P

ways pass shall conform ¢
120, to the requirements for gra'de of
to the requirements for conductor clearances

Section 122, and to the special requirements for supp

wiring arrangements of Section 121.

assing beneath bridges over which rail-
o the general requirements of Section
construction of Section 123,

and separations of
orts and

Lines Crossin

Order 1286. Signal
e Grade D or E is not re

Conductors (Whet quired).

(a) When Crossing Trolley Contact Conductors not Exceeding
750 Volis.

(1) Signal lines, except
(for which see Order
¢ conductors of not more
than the following :
n spans less

twisted-pair conductor

conductors,
over trolley-contac
have conductor sizes not less
No. 12 hard-drawn copper 0t steel 1
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
N e e L

than 100 feet.

g Over Trolley Contact :

s and fire alarm

s 1283-d ard 1288-b) carried
than 750 volts shall =

Table 13 for
50 feet the requirements of
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; 119

Order 1246 for
conductor sizes and of
. < ; A i
Grade C supply lines shall be complied wgsiendzx e

(3) Twisted pai
pair conductors
not be used in , unsupported by messen
iAo unlzs:ns over ‘10_0_ feet, if carried over trollgem] e
No. 14 ot tinned each wire is hard-drawn copper n 31; e
; . nned copper covered steel not | ot less. than
equivalent. ot less than No. 17, or its
(4) The clear
ance of signal i
crossed ove . ines above contac
He b t shall be in accordance with the val : _Conductgrs
es of Order 1220-c and d. i the values given in the

(b) When Crossing
’ S ;
750 Volts. g Trolley Contact Conductors Exceeding
(1) For si : :
gnal lines carried ov
er t
mo(r;_)tl?n .750 volts to ground see Ol;odléiylggitau =
ot wisted pai ;
ver ) o s e
' s in A or B cor i
a5 st
dri; Eosoless than those required by Appeggf;lﬁifglq&s}mu hoa
er i

L hanEt)hé, and wherf: supported by a messenger, th poa
voltage exc dsa%zggqmmd’ in Order 1283-f Wh,er . mesferlger

s eeds volts the twi 5ol B auppiy  oe
PO?SE I bl e twisted pair shall always be sup-

) The ; : ;
' clearances of signal lines above the contact cond
nductors

1 acco dal’l & alues g‘l'.?
(]llSSf‘,d ovet S]lall he 1r 1 i Wlth the v €1 111 the

table of Order 1220-c.

Supply Lines of More Than 750 Volts

Note iz not re & except over ey
' This construetion
commended
cef troll

& . . . .
O VET head S‘lgnal Ilnes CI‘OSSIIlg over Suppl y lIIleS uﬂd&l the Gir-

1 : I 5 aH COmnt ]- W 1th the COrlStt uc
| - E 1 A B C g ] . I T i
tiﬂn I equn EIr le“ts 0 GI ade 3 | or 2 a5 1 equli ed 1mn t a’t order.

(See Order 1289 -
Lok 280 f : ¢
-:,'--111'-1"6'3-.) or signal lines used in the operation of supply

‘(;31 Compliance With Other Orders
Where si I i .
ignal lines crossing over supply lines are required t
0

‘comply with Gr
ith Grade A, B or C construction, they shall comply as t
0

uctor 512&5, materials, alld Sags, at‘ld as t() iilatﬁtlais aﬂd




it ction
ng structures and attachments with Se

ires of
d clearances of conductors and Wi

i § Section 122;

the signal lines themselves with the reqmremzﬁlj ;ems e
: , . :

as to guys and their insulators with the req v

1 i ts ©
1212 and 1213 and in general with the requirements
120 and 121.
(c) Where Concertt

strength of suppo-rti
124 as to separation an

ed Also With Roilways-

et ab 5
Where the signal o i‘efﬂﬂ‘et('l " ;.zd(?igso cross over railways
: de C construction
cgmply with Gra

: : de D or E
1 liance with Gra
: es calling for comp ; s except
e m?umséa;ziie D or E shall be met in all respec
construction,

' ith Grade C.
ductor sizes and sags, which shall comply with
as to conduct
For spans up 0 150

. D, Order
feet these are the same as for4g;a(::1 ? ,A Lo
1283-d. For spans OVer 150 feet see Order 12
dix A.

(d) Pole Clearance. _
. 5 0
ole or fower structurea. .
'I:(slzvf:)r shall have clearance £1'0m.the c;z; :\,er b
?"0~ required by Order 1221 or 1227, w
ine as

(e) Wire Clearance Above Supply L1-ms.h e S
. lear space between the 1owe§.t overded e
o E ¢ guy, messenger, or Span wire) a_n.h%?f;rosses over shall
Ll iy ?span or messenger Wiré wh.u.h 1 e e
or 3 1 . %o ’
du:tgz 1es§ s beaw L . W]:s and the sum of the
o nductor or wire has fixed suppor earest supporting
i from the point of intersection !:80 ﬂ’;e Itl
istances 1Ir ; | Ao
Sizucture of each span does not exceed 1

e
R ———

ove are required to

{ each line concerned 1n the‘
ctors of the othet

e
00 voltB.—ccommem

i Lisr:f:p]v sonduetors of Eesio ti?ﬁ“mff“%m
ﬁgg:: supbls mmqmrggd.\ftﬁtors (n‘ot: bxceeqiiég 750 v
k%gzg 8511]11'1’:%11% 52{1‘;?Bmg§sunger and span W 5,

sgmenger Wires.
GTEOE:F %n%}? cl;lnﬁucturl‘s ?% 1{357"
‘Ahove supply condm:gw%i T0 L0 1 980.0 o éauetms S
Above supniy c9ndu:ror;oss,mgs g .0 °°?dm_ o i
B’;ﬁ‘ﬁ‘?}‘ﬁﬂées on the same pole, §ee © b i L) v

or iy

(f) Clearance Tncreases.
Clearance increases for long spa
+n Order 1220-d.

ns and high voltages af¢ given

o
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(g) Falling Trees.

The crossing span and the next adjoining spans, shall as far as
practicable be kept free from overhanging or decayed trees, which
might fall into the line. (See-also Order 1207.)

(h) Special Longitudinel Requivements.

For special requirements for longitudinal strength of crossover
supports of signal lines crossing over supply lines, where compli-
ance 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,
(j) Guys.

Guys may be used to meet the strength requirements of Section

124 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 conflict with supply
lines the requirements of (a) and (b) above apply in general to
the conflicting signal lines just as they apply where the signal
lines cross over the same supply lines.

Note: Clearances from the poles and conductors of a second line are
given in Order 1227.

Requirements for guys are given in Order 1212,

Order 1288. Signal Lines Alone (or Concerned Only With
Other Signal Lines).

(a) Conductors for Fire Alarm Lines.

Conductors used for fire alarm circuits shall comply with the
requirements of Order 1283-d for Grade D for sizes and sags in
spans up to 150 feet. For spans over 150 feet they shall have

_ Grade C sizes as given in Order 1246-b and sags not smaller than
listed for Grade C in Appendix A.

Exception: Where carried at higher levels than supply conductors
in crossings, conflicts, or common use of poles, they shall comply with
grades A, B or C construction requirements according to Order 1234.

(b) Conductors for Other Signal Lines.

Conductors for signal lines other than fire-alarm lines unless

| Crossing over railroads or crossing at higher levels or conflicting
- with, or on the same poles above supply (or trolley) lines, need not

I L SRR e e s e
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comply with any requirements as to size, matetial, or $3g. (See
Order 1201.) '

(c) Supporting Structures for Signal Lines.

(1) The poles used for all signal lines, unless crossing o
railways or exposed to supply (or trolley) lines by crossing above,
conflicting with, or being carried above the supply lines on the
same poles, need not comply with any requirements as to strength
and material except that poles and Crossaril
initial size, and sO guyed or braced where necessary
withstand the yertical loads to which they may be st
cluding linemen

working on them.
(2) In other respects 2

11 signal line
the general requirements of Sections 120 and 121 co
guards, pole clearances,

guys and other matters.
(d) Clearances Above Ground (see also Order 1220-a and b).
(1) Signal conductors alone and their guys, span wires, and
all have clearances above streets, hi

ghways, alleys
or generally accessible spaces across O along (and above) which
ot less than the following at 60°

the former pass, B T, with no
ns do not exceed 150 feet:
—_—

wind, when the spa
e e /ﬁ__ﬁ_______#—-———___ﬁ
|
WIRES Veet

SIGNAL LINES, OR GUY, SPAN OR MESSENGER
e

VEer

s shall be of such
as to safely
bjected, in-

supports shall comply with
yering traffic

messengers sh

sts and IgRWRYS. —o-ooocmesemr =770
e and OV |

Crogsing ghre

Along roads in B W 1 L i Pt f

Crossings ahove sphages or WayE accessible only {p pedestrians an

roadways to pesidence e e e s It 10
______ﬁ_.—ﬁ—-—-f__ﬂﬂ____n_._ﬂ—v——-—____i_._._—ﬂ

STl
guys not carried over

clearances 4o not apply to

Exception: The
g one gide of & gtreet

roadways, or to guys alon
driveways. For guys on private right of way, or
curbs, when pot pasging OVET pathways, OF roadways,
raquired; and if passing over only pathways the cle
reduced to 8 feet.

(2) For signal-line spans
be increased at the rate of one inch for

(e) Clearances from Other S ignal Lin
and d).

Signal conduc
cerned in crossings, conflicts,
signal lines only, shall have a 1m
those of other lines.

each 10 feet excess.

ors and their guy, spath or m
or common use o
injmum of 2 feet clearan

£ poles with ot

or alley, unless over
parallel to gidewalk
no clearance i8
arance may be

over 150 feet these clearances 'shaiﬂ_
es (see also Order 1220¢

essenger lines cON=

ce from

~ Exception:
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Exception: E

- : xcept for fi

desired, unl i W

A ed, ess on ’ : 8. this ma

Atk e o % b e g S At ay be reduced where
D the operation of supply lines public use and the other

S
thein ebiic expol;z:i lézjﬁlidmlg fire alarm lines, if at any point in
;;Ltso? ,imund.. shall be pf&iitiﬁrairzgfg) tlirfes of more than 400
shall else:.rgiih;isi:gl:?zed i Bart J, SZCiit;?'lnlng p"ll?}it: uslt? hy‘
i E;)besi‘na““_sible to thi: pz"'z;lff L s aiuve gua:c?ec;nr?z
ignal lines used in the operation of supply lines shall be

at all points isol
. i ated by el : :
Giataessihll o thie pulj;lic evation or otherwise guarded so as to be

(3) Metal sh '
eathed cables and messengers shall be isolated
ed or

g‘tDuIlded mn COIlft] Tty W thf_‘, d.l 4 em Ilt ectl“”

Order 1289. 8Si
. Signal Lines U ,
of Bupply Lines. sed Exclusively in the Operation

(a) Under Other Lines.
Such signal lines when
(;) Crossed over by, or
E3§ gav'mg conflicting with them, or
n comt :
- D‘x:(g:hpoles and _below high voltage dire
il er stpply lines in the operation of ey
- considered and run as ordinary s'igr? I‘.l":rl’ud1 =
al lines,
(1) These si i ,
gnal lines do n i
are not on common R )
A i : nflict with i
. poles with, and higher than other lin:asm;:
(2) The si i
gnal lines and con
nected equipment
are adequatel
y

gu
S atld

( o

The s i
b conditi upply lines cone
the ¢ ions descri erned above ;
cribed to comply with the requi:};r?ﬁ.;it required by
s of Sections

- 125 and 127
e 7 as to str
W he not rength of const i
- smaller than permitted by Oric;jaim;;iﬁzsut L e

(b) Ower Other Lines,

Ch o
T Su | glIaI III‘lf:S i Crossing ov o1 W Ot lglle] on

8 I . - - } I 1 1 h I
@Qﬂ]l!l[}“ oles Wl”l DHI{:I Il ot eq 1 HI sna (8] WIt a

R e N
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ply lines of not more

s for the highest voltage sup
come in contact,

than 7500 volts with which the signal lines may
es for Grade C for which see Order 1283-d.

except as to wire siz

1f, however, the signal lines are protected by fuseless lightning
arresters, drainage coils, or other suitable protective devices to
preﬁent the signal line voltage §rom 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.

the requirement

SECTION 120. UNDERGROUND LINES.—MANHOLES, HAND-
HOLES, SPLICING CHAMBERS AND DUCTS,

GONDUCTORS AND EQUIPM ENT.

Order 1290. Location and Accesibility of Conduits and

Manholes.

(a) General Locations.
tors shall be so lo-

Underground systems of electrical conduc
cated as to be subject to the least practicable amount of dis-

turbance.
Note: When

to avoid cateh basinsg,

ground structures.

(b) Ducts.

To facilitate installing and withdrawi

the ducts betweetl adjacent manholes of

i eral be installed in straight lines. \When it is necessary to install

.. curyes, they shall be of the greatest practicable radius, and the

ll ~ spacing between adjacent manholes shall be correspondingly

L reduced.

(c) Manholes.

Manholes shall, w

convenient access and, if possible, so t

tance from any rail of a railroad track to th

manhole opening is not less than 3 feet.

uld be exercised

d, care sho
or other under-

being designed and installe
gas pipes,

atreet railway tracks,

ng cables and conductors,
other outlets shall in gen-

here practicable, be so located as to provide

Gréding of Ducts.

Manholes or handholes shall when pract
ducts so graded that drainage of ducts will alw
holes or handholes. To insure satisfactory

Order 1291.

hat the least horizontal dis= =
e nearest edge of a =

.cable be so located and
ays be toward man® '
drainage, the ducts

S
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shall be so installed
he s as to provide, wh racti
not less than 3 inches in 100 feet ofw I}:BZE}FlaCtmabie, il

Ord i
rder 1292, Mechanical Details of Manholes.

(a) Minimwm Strength.

- The mechanic: i
al design and i
holes shall b ' construction of manhele
e s‘:listZ]i}; as to Prawde sufficient strength tosszt’;gl sl
st iy e ma.rgm of safety the mechanical load d
ay be expected to be imposed upon th ads which
(b) Entrance. : S
The entranc
e to all manholes sk
mini : shall be no )
1mum. diameter. Round openings are ret less thgn 24 inches
(¢) Dimensions. Sommeiided,
Manholes shall b
b e so constructed, wh :
inside hori : : , when practicabl
o Shanﬁtz):ntal dimensions will be not less than g, ft:;la tt :Sh? s
e acso arrgnged as to maintain, if Pl'aCti(‘ah: e
e space not less than 3 feet hori -able, a clear
ically. izontally and 6 feet ver-
Exception: When si
the ! side walls of th
e edge of the opening the depth m:.ymbaem;me i g e
: ess.
(d) Drainage and Ventilation
¥ &

(1) Where surf
iV ace or ground water is li
containin, er is liable to en
o ag supply -conductors, these shall be so ar ter m_anholes
(2), s to provide permanent drainage xanggd, f piac:
‘Where drain N :
age 15 1nto sewer i
o rs, su
nged to prevent entrance of sewer gas irlxizh:arr}?p? i
nholes,

(3) Manholes

3 shall have ade HES

any opening exi BT teniiAtug 68 o i

i pfblic i Sﬁz:istt; ffom such chambers into subwa)[:senezzr W: -

: 'C@ﬂdftiong’ some subway conduit systems, or wh T

] s are such as to make ventilation necess, e
. ! ary.

.
_; )rder 1293. Manhole Covers and Guards

(a) Covers.

Manholes and

= handholes. whil :
' eﬂrely closed ;» while not bf_‘,lng WOrked »

k. loidgb;; (;g:ers of sufficient strength to Susltr:ir?h;fc:e se-
f. ¢ i y reasonabl ; me-
\ }@iéhim’ and the arrangement shalji Il;: Eﬁfatﬁd to be imposed upon
s required for their opening or remc:vai that a tool or appliance
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(b) Barriers of 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.

Ducts used in underground systems of distribution for electrical
supply and signal conductors shall be of such material, size, me-
chanical strength, and finish as fo facilitate the installation and
maintenance of conductors or cables.

Order 1295. Installation of Conduits.

(a) Protection.

Ducts shall be suitably reinforced or be laid on suitable founda-
tions of sufficient mechanical strength where necessary to protect
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. The distance between the top of
the conduit covering and the pavement surface or other surfaces
under which the duct run ‘s constructed shall be sufficient to pro-
tect the conduit from injury, and chall generally be at least 30
inches to the unddrside of track rails beneath which conduit passes.

(b) Smooth Surfaces.
Ducts shall have clear bores and be freed from burts before

laying. They shall be laid in line in such manner as to prevent

inside shoulders at joints.

(c) Termination in Manhole.

Iron pipe conduit terminating in manholes, handholes, or other
permanent openings of underground systems shall be provided =

with an effective bushing or other smooth outlet.

(d) Clearances.

Dutct tuns shall provide as great a clearance from other undef=
ground structures as practicable and particularly from gas lines:

paralleling them.

(e) Walls Between Supply and S ignal Conduits.

Conduits for underground conduit system to be occupied bY
signal conductors for public use shall, where practica.ble, be sepa
rated from underground conduit systems for supply conductors

by not less than 3 inches of concrete or its equivalent.

HLECTRICAL CODE—ORDER 1296 12
: 7

Cahle exte 1008 ma however, be made existing in-
ns
1ay, 3 to 18 £
2 -

wlcﬂnneif.'rted o1 I(}lntli‘ Owned and jﬂintl}‘ Occupled duct systems llsali

in common b

¥ munieipalities

i eff i s, signal i

| ective separations than above Bpeci;];: power companies, with less

Exception:

) S ;
‘(N 31& upj?ly and Signal Conduits Entering Manholes
_ re signal conductors i o
e ors (for public use

ey Ot;cilupy ducts terminating in the same) ;zihsilppiy .
i practit;zz Isha,ll be separated as widely as pra;ii"tﬁle L
e e]; 5(}111111 enter_ the manhole at opposite sid:" st
acked along side walls with a minimum o? ki
crosses

between the two
classes of conductor

5. !
(g) Joints. (See also Order 1296-a.),

Joints in duct

: runs shall be made i

. S I

tain individual ducts in alignment Felifeicaly seie s aln-

(k) Openirgs Into Matholes,

Duct (] Cll'l & 1
ble, have]; C1c;gl_a;tioar§§nl1oﬁs or handholes shall where practica
i L 3 ve t o
e i e e floor or below the roof line of not

(i) Laterals.

Ducts of laterals i

: supplying servi Sgde

tively pl ce to buildings,

# az i;fged at the entrance of building or ce;ﬁz :h;ll Fabae
o phaltum, pitch, or other suitable m nted by the use
: 2-b_, SeCtI'On 132, Part 3) £ans.

(See also Order
(j) Dissipation of Heat.

Conduits designec
pacity shall be ?E;:\Endggg ﬂa}:ry supply cables of large current ca
ey , where practicab ' 3
sarily dissipate heat solely through adjzml::;:g:;at o
ts,

Order 1296 i
. Location and Identification of Conductors

(a. SQPGHIMOM 0? SMPPIV -{Iﬂd S'z Haz -S }Stg}”'

- signal conductors f i
- or public use shall
‘separate conduits and manholes SR R

Exception: C

e : Cable extensi . ;

~ owned and jointl ensions to existing interco

. ; nn

¥y occupied duct systems used in com?lfzed bor S
non by munici-

alities, sig

Pallties, signal compani

the ab : panies, and power ¢ 2

-above I' companies ar

! 5 are exempted fr
om

Note: When si
. n signal cond :
‘conductors o uctors for public
1 (v use a ; s
cupy the same manholes, they Bhamﬁdbzlectrllcal supply
3 maintained at
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ing barriers
! eggary separating
le and where nec
i des of the manho
opposite si

: ity
f large cmreqt capac
ly cables are of 1 Pel e
i lled. Where supp el
e mStald be specially protected ag
all cables shou ) :

hat the s in any manhole,
f ables ¢ross in any ‘
t is necessary ignal and supply ¢ . : : ;
:; gipac ng of a tleast 1 foot should be maintained and SDECI&I mechan
v i injury by arcs.
; it tion tpro ided against abrasion or injury by
cal protect: e

Identification. ! et
& s sh i‘: be permanently identified by tags or ?ﬁ;?ﬂ der
Cables sha handhole, or other permanent opening of th i
e i cept where their position, in conjunction
ground SYstt;T;‘;; f;o \E-orkmﬂﬂ, gives sufficient identification.
diagram sup

¢) Accessibility. J the clear
- in manholes shall be reasonably accessible frmzver other
S m? at all times. When cables cross b)tr or e
i ace : e
W 5[;1:11 ient clearance shall be promd'ed be We et
SepEe ble access to any cable for inspection
; na
permit reaso :
and to prevent abrasion.

5 (T ! cabl

Note JD‘!IIJS ma made rrﬂln undEIglo

\ de in, or hrancheﬁ g : und a5

Sh(ﬂ.lid lle lﬂasimablp aecﬁssib]ﬂ at all times and S}lﬂ‘lld be 1 ma. nholes
: les and as Sed. dom as pﬂssible i the ducts thﬂmselveﬂ

or handho es8,

(d) Clearance in Masholes.

Ea(:h ‘:E}_h W e 1 mal t a] ance
) hel‘e p aCtI ab 3 naw riic CIC&] Ci
3 1n nlll) n

s 3 p p 3 rding

4 Cabiglskg:f:;ber insulated, shall be prcrvaded Wlt}}i ?r V::El_'

5 uH;SSth or other water proof covering over the i
tight metal e except when used as ground cennerl:txc;nz ocab]es.
Lo cs;:;zgi,losely grouped lead covered cables include es
trals.

(]IIe] atin t hey llall. v t&hle ﬁle'

Tes1siLy OVErings tO pkevetlt amage fI()lIl arcing.

isable where all
2 , frequently advisa 0
rotection is also cables are of
< (l)lessl:cgiai 7500, especially where some of the
voltages are

large current capacity.

1 a nt -
A atin or {G] t morta ith a sma

of P tla.nd cemen riar w L o I@’t
(2) co 4

ith 14 inch spacing
wrapping of %4 inch rope wrapped with %4
lime over a

t: n turns has been found satisiacto ¥ for this purpose, q
atwee ¢ ctor se

L
bi 3

(4440 .1

‘Order 1299, Multiple Connections,
|" d

- ate in multiple, special
| 10 indicate that fact,
; Note: Such marking is not necessary when suitable eut-
- ¥ided on pot
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(b) Guarding of Lige Payts.

Protective, control, or other apparatus on
stalled and maintain

ed in manholes and han
parts inclosed in suitable cases,
ductors or cables shall be made i
tihuous with the metal cases of
ratus.

supply lines where in-
dholes shall have Jive
The metal sheathing of a]] cony
nechanically and electrically con-
protective, control, or other appa-

parts exposed to acej-
nholes or handholes,
() Supports.

Mechanical support shall be provided for all cables at each man-
hole, handhole, or other permanent opening,
(d) Underground Risers,
Conductors or cables
to overhead systems sh

them in grounded metal conduit or,

metal sheathed cable, in other substantial conduit, and shall tep.
minate in suitable potheads or similar devices of approved design
Of construction ; the open supp

ly wiring connecting to the under-
ground system shall begin not

less than 10 feet above t
surface or platform accessible to the pyblic,

Order 1298. Spacing of Cables,
(a) Different Voltages.

in the case of signal cable or

he ground

in the lower ducts of g
lable io injury from external
Serious manhole fires,
(b) Different Systems.
Cables belongin

g to different systems,
tribution and sign

(particularly supply dis-
al systems) shall not be

run in the same duct.

When transf ormers, regulators, or other similar apparatus opet-

tags or other suitable means shall be used

outs are pro-
oth high and 1ow tension gides of apparatus,
by
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A,y MEGHANI.GAL CHARKGTER!’S-
NORMAL SAGS OF
UCTORS.

LOADING DAT
ND REGOMMENDED
VERHEAD LINE COND

WITH CORRESPONDING TENSIONS
R LINE CONDUGTORS.

ally recommended,
difications. For instance,
d by a pole line, greater
will sometimes be
ns and dead ends,
ssovers where

4. RECOMMENDED SAGS,
AND STRESSES OF COPPE
While the following sags arc those
circurmstances will sometimes call for mo
where many large conductors are carrie
sags than those listed for the largert conductors
advisable, to reduce the stresses on poles at tur
and to permit smaller jongitudinal guying at cro
such guying s called for by the orders. (See Order 1249.)

The figutes given for the sags and te
off to the nearest value which can be rea
and instruments in practical use {or this purpose.
on of “loaded” may be found in Order 1241

gener

nsions have been
dity measured by

The definiti

rounded
methods

ELEC 3
CTRICAL CODE—APPENDICES PART 2 131

TABLE 15—8AGS .
FOE HARD AND ME

e EDIUM-IY :

DIFEERENT SPAN LENGLES COPPER WIRE FOR

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

|
Size Grade of - o
i Grade of Temp.
Bt o i Deg%‘ Span Lengths—Feet
100, 125 | 15
= Inolm 150 175 | 200 250 | 30| 400 50O
o.
. & o - ré Ilnf Iélz ny 3w | Ias | In I
o E 2 A0 b 3 n., In_.
v 90 15 %g e o
0. A % 8| 1| = :
® o1 e Wi B e el
= % 7, e M el e e e
2 i M T s ileeess neva s ae =
& w0 | 16 | 22 e D i
o % 4 | 1.5 o7 R
o 6 | 105 1 | 28 -
LR RS
ks [ _..5 27 29 =
1 All %0 & ! 105 18 ! Sl ke Ed=
% 0 1) IE-AR2E
gt = : 19.5 m.-s‘ 3 | 45 ";.51'
B ]g %g.s 13 | 16 | 185 85
» | B w1l D | ey 50 | 129 | 218
pR 4 ’ 6 2350 28 | 31 | BL | 75 'Hi %gsi
¢ | 0.8 13 |
% : 16 | 18
sl einaiRielsa s
R AR R
= ¢ %g,s 13 | 16 | 185 ;| 4 L i
o 1 1 5! 18 | 21 24 23 sg s
= E 19.5| 25.5) 28 | 81 | 46 8 ilzg %g
i & | 105 13
% £ | 13| 16 | 185 2
50 1-2 | %g.a- g’s % | 2 33 g 1% i
b7 3 ik 5l 28 | a1 | 44 | B8 | 111 %s?g
» £ 1.5 ;-3 16 | 185 26 | 84
o0 o | sl w A | A s 8 g i
5 3.5 28 a,wmfﬁﬁg
s 2
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TABLE 18—SAGS TOR.

INDU!

(AL 80%,

_.__________.___-—-—'——__

Size
A W. G

\

Grade of) Temp.

Constr.

Al

| Al

AT

Deg. F.

HARD AND

c2e 33% 8828 538 gen 288 888 838 22 888

NS et
100 § 126 o | 1 | 20 ) 0 300
g B
In. Tn. In in. 1n. l Jo: | Ins
15 25 28 b ]
18 a1 4D -|
gib| 8l 44
B | B e e
18 T 40
ﬂ--‘)l s | 45
i el e L
e B I
18 % 58 e e SETEE
85 | 14 2% a1 e e
12 18 s biiid
15.5 | 22.5| 82 40
g5 14 a5 3t
12 18 27 | 8
17 22,5 | 32 !| 41
25| 14 | =215| 285 &
19 18 27 0 96
7 | mE| 2 \ 35 198
g5 | 435 | 4t 98 % 79
12 18 26|2.9|33\-5ﬂa:n
155 mE| 5 34 29 59 81
s5| 15| 25| 25 26 iz 86
12 18 26 | 28 ) 49 72
15.5] 226| 3 34 3, 56 82
g5 1350 20 5| 28 28 57
12 T 28 31 48 66
16 92.5| 80 2 33 8% 78
8.5 | 136 185 | 21 245 | 3L 48
12 18 24 97 30 38 50
B | 2 %9 | 8% | 46 59
e e s T

STRIAL COMMISSION OF WISCONSIN

Bags

I ] MEDIUM-DEAWHN QOVERED COPPER WIRE
FOR DIFFERENT SPAN LENGTHS

60° and 907 F., wires witliout load.)
B
Bl

T e e e
Bpan Tengths—Feet
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PABLE 17—8AGS FOR BO -DRAW OVERED COPPE WIRES FOR DIFFEREN T
E B N
£ L& R
4 b

SPAN LENGTHS
At 20" = 5
(AL 30%, 60° and 90° F'., wires without load.)

Size Grade of -
| Tomp.
A.W. G. | Constr. | Deg. ¥ |— 08y ol e
1 24
o0 125 150 15 200
= ,
0.6 c 2 e 5 v
& 21 a2 pt
: 24 56 51
0. 4 A 30 1756 28
2l g | s
o _ 25 5l
¥ B&O » 145 23
& 18 27 i
2 , 215 31 ig
; | A& 30 15 23
i J & 18 77 i
2 21.5 31 bt
0. .
b3 B&C| 2 1 17.5
@ o 22 %
e 18,5 28 3;
: A 30 105 17.5
i} 15 28 =
csb 90 185 |- o8 g’?
0. 3
B&O 2 85 ‘ 12.5 91.5
= %g - 18 27
e i % : ‘ 295 42 '»
8.5
: 13.5 !
8w R | B
No. o ; : f : i . |
All f 0 gk U oTge 90 . i
8|8 | 2 |2 | B | &
No. 0000 ARl ‘ R . gg ;
) ‘ ) 23 |[ }g,s 18,5 24.5 ‘ =
@ g J : 0
' J 16, | 25 % ?g a
- 42
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|
: ’ - PABLE 19— TENSIONS IN HARD AND MEDIUM.-DRAWN COVERED COPPER WIRE
: &b AND MEDIUM-DRAWN BARE COPPER WIRE FOR 1 POR DIFFERENT SPAN LENGTHS (%)
ABLE 18—TENSIONS IN HASR o0 SPAN LENGTHS () g — —
i o
___'________.-______.__._-—_-—-—‘-—'_-_'_'_._“_._-_._._”_-_ 4 Tensions
—_— Pensions Size Grade oi| Conditlon -
1 o ___r_________#EW A. W. @ | Constr, | of Load Span Length—Feet
A f| Condition y Length—
g %ZQG Gégggm? of Load Bpan oR, 100 1% | 160 | 175, 200 [ 2650 | 800
'QFl i
e e Lbs. | Tbs. | Tbs, | Tbs. | Tbs. | Tbs. | Lbs.
e \ No, & Q 30" Noload 7 |
- 5 men g 62 6
o loal seliyread b4 nE
No.8 | O fj.g: Lo d % ) 0° Loaded| 470 | 5%
L3 L 4
12 L onded 508 No.6 | A |s°Noloma| 15| 15
1451 ! mﬂ i i s
° Mo load " po° W« 51 a7
No. 6 A 53?,;. o i« = - 0° Loaded| G580 | 610
a
93. Toaded 630 No. 6 i 30" Noload| 155 | 155
1oad! 190!| 93 “ 1511 }m
: N _ S e
No. 6 B: |30 Np =‘ 12 0° Londed| 00 | 680
o o & I
o Loaded 650 No. 6 O |30° Noload 195 160 |
e 1wl 105 !, e o S
: ® Mo loa h : !
we. 0| @ @R 1) i 0° Loaded| 640 | 710 |
o up i 4 1 :
b Tonded 630 i - No, 4 Al |30°Noload| 27| 280 | 260 240.] 230 ==t
voopal 2 B - miLl oml o ) o
2 Mo loa. i | i 1b | 176 :
No. 4 A OCRG = %0 20 . 0> Loaded| 80 | 960 | 950 | 1,000 | 1,050
a 0 il |
90 Loaded| 7O 80| & ‘ fize No. 2 Al |30°NWoload| 30| 40| 40| 500| 530 | 460 400
450/ 510 gool G50 5401 470 o0 s jEt e 330 340 230 400 430 . 410 250
5 Al |30° Noload| 450 si0 m0, 40 o 500 430 4001 B gy pos @ u o50 [ mro| 20| s | 30| g7 220
No. i ﬁ%l 500 1 400 1%& 1%;3. 1.600| 1,600 0 Loaded| 1100 | 1,350 | 1,300/ 1,850 | 1,600 | 1,850 | 1,800
an° i 14 , | |
o*’ Lodded| 1,000] 1, 100 1,250 1, 0 | 100 No. 1 Al [30° Noload| 560 540 510 630 70| 660 500
sl cgo| 7o s TS0 870 sw' LI gos i 400 410 | 4l0| B00| BIO| bW 540
: an |weNolead| O U0 Gl gaol esn 6% 0 p po> w0 w g0 | aw| ol 43| 40| 51O 490
No. e 4« gsgl %ol il 430 500 iy m| : 900| 3 90@ 1,900 0° Loaded| 1,200 1,300 ‘ 1,350 | 1,650 | 1,700 | 1,700 | 1,850
o & TO0! |
0° Loaded| 1,200 3,250 1,450| 14 Gonl 1, | | il il No. 0 Al [30° No load 710 | 600 70 s0 | e | 910 870
| | 90l 1,090 gro| 980 T60 g0z R 510 | 530 | go0 | 7o | qs0| 7m0
. an |srNotoad| 7T T RN e oo .so] N g o« 300 | 430 | 450 | B | G0 | 680 620
No. e e ;ﬁgl 0| aso| 5o  630) 2'15?-3' 2% 5,500 2,250 0° Loaded| 1,450 1,550 | 1, 1,&wi 2,000 | 2,050 | 2,200
Lapo & o ma L 1
0 Loaded| 1,400( 1,500 1,650 1,50 2,000 et No. 00 Al |3t Nolopd) &0 B0 | =0 1,000 1,200 1,200 1,200
1m1m1300|1m13001.%0 o e 63 | 60 6% | 830 | U9 | 1000 | 1,060
an s Noload) 920 OO ey 0 1 50| 1,100 foo o« 480 | 20| p0| eso| 80| ‘so0 910
No. 00 loe %4 ol %9 ow| o0 gﬁgw% 2.550! 2,60 0° Loaded| ‘1,700 | 1,800 | 1,850 | 2,100 | 2,350 | 2,500 | 2,800
o € 230, 2, B0 13 ¥ q - | ’
A Tonded| 1,700 1,750( 1. Ml 2 159 i ll : No. 0000 Al [30° Noload| 1, 350 [ 1,850 | 1,400 | 1,650 | 1,80 | 2,250 | 2,450
toad| 1,450l 1,450| 1,650 18501 2,00 2!“' 5 5@0\ T80 18 G« oo | B0 | M| 1300 | Like| Lew| 130
No. 0000 Al SB:'N_‘O- on 4 b 3,000 1,200/ 1,100 1,600] lﬁvﬂ I ; A, o S0 e i 1 i
: oo T | G ol ‘sl 1,100|}a.§§3|};°{7£ 410014000 i R & Todea) o) RS0 | SEAR] B | SR

"o Londed 2,600, 2,500( 2800 3,100

A —

() Correspond to the saEs of Table 15.

{1) Correspond to sags of Table 18.
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TAB

___'___‘__._-—-—'_'___,_-':--—'_'_-_'_“'__
—

i ‘ade ofl Qondition

; .SWEG E}-%‘,onf,tr. of Lond
pEE e s D
No. 6 Q SD‘; H'? load

] & tLs
\ @ Londed
an® Wo load

e bt
"o Loaded

v ol IN
INDUSTRIAL COMMISSION OF WISCONS

E 20— TENRSION 1N oOrr DR WHN ( OVERED (5{)PPEE; WIRE FOR D'II'I-‘B-R’
LE PENSIOD B B A )

e

E T
span Length—Feet

No.4 | B & © i3 Noload

"} 5 o il
iwg“ Loaded
|
No. 2 A 30° Ng-loud
l| |ggv I
' | 0° Loaded
No.2 | B&O 30° No lr:::‘:d
o
Loaded
Ma. 1 A Bi’r: R2 lo::(ad i | %
o Eﬁu ] 1lﬁo
° ded 1,106 1,200 | 1,200
0% Loa I Vi
' | 510 450 w0
No.1 | B & O |30 No load 5@?}% | o ‘;,;% i
L8 310 1 330 | 3550 1,500
0° Loaded 1,250 1,300 v v
(90 70
Nao. 0 Al |30° 352 mjld E{{,} 2333 aid m
‘ % : 1,800
[ L‘[}nl‘]ed 1,450 1,550 1,600 ,&m
850 :
No. 00 Al |30° No load 200 %g?) | ﬁ?rg %
= 00 gzb% 1'260 1,900
0’ Loaded 1,700 1 ¥
il 1,350 l 1,400 1,450
Na. 0000 Al ?;); Hn:‘; 103:1 1,% :mo 1%%3 %:%
ki o i ! 0 :
¥ o 2 55}10 | 2,600 3,760 |

(vy Correspond to gaps of mable 17.
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- TABLE 21— S$TRESSES IN HARD AND MEDIUM-DRAWN BARE OOPPER WIRE FOR
DIFFERENT SPAN LENGTHS (%)

| Slresses -
Bize Grade of Condition Span Length—Teet
A. W. G. | Conatr. | of Load
| L1 lElOl-lz'?s 60 | 198 E:‘(H}|250|300 400 | 500
1§ Lbs.| Tibs.| Lbs.| Lbs.| Tbs.| Lbs.| Lbs, | Lbs.| Lba.
| gﬁl‘ ]é(:l' gel' per | &e;' | gar ar gar ;S)El'
. | Sa. L . . . . q. .
| In. | In. | In: | In. | n. | I, | In. | In. 1.
No. 8 6] 30° No load| 7.200] 7,160| 5,900
e 4,800( 5,000| 4,800
g W) 3,600 4,100] 4,150
iy 0° Loaded| 34,100138,800/ 40,254
' No. 6 A |80° Noload| 7.200( 7,1500 5,900
i L 4,800| 5,000| 4,800
R &,600) 4,100] 4,150
0° Loaded| 27,400180,500(52,550)
¥ Nd @ B 20" Noload| 8,800 B,700
GO i e 5,ml 6,03(:, B
L] 4’1001 4,650
» 0" Loaded 28.400]:31.750
Ne F O |30° Noload| 8.800] 8,700) 8,000 6,150 |
e e 5,800( 6,000| 5,900 5,350
i o 4,100 4,650) 4,850| 4, 650)_
0° Lioaded| 28,400181,7560(84,400|35,900
No. 4 AN [30° Noload| 8,800 8,700 8,200/ 8,000
go° e u 5,800 6,000 6,150| 6,300
o o« 4,100 4,650] 4,950| 5,350
r 0% Loaded| 22,70 25, 700127, 40028, 400
o. 2 ATl |90° Noload| B.800| 8,700 9.850(11,200{12,400 10,300, 8,050 7,250, 6.650
{1 L 5,800 6,000| 7,200 8,400 9,6001 8,200, 7,700| 6,800 6,600
o A dF 4,100 4,660 §,600| 6,450) 7,600 7,150| 7,000| 6,500) 6,260
0° Toaded| 19,400/21,000(23,650)26,000 28,10020, 30030, 200:30,50030, 960
No. 1 ATl [30° Noload| 2.800] 8,700 0,850(11,200 12,400/11,150 10,260/ 8,250 7,500
g e 5.800| 6,000 7,200| B,400 9,000 9,100| 8,250] 7,750] 7,150
e 4,100 4,650| 5,600 6,450 7,600 7,600 7,850 T,300| 5,850
. 0° Loaded| 18,200{19,250 21, 70024, 000 26, 00027, 60028, 700128, 000129, 000
Nao. O Al 130° Noload| 8.800 8,700) 9,850(11,200:12,400(11,700{11,400| 9,200) 8,550
lgpe 5,800| 6,000 7,200| 8,400) 9,500! 9,500] 9,500 8,500| 8,050
) 4,700! 4,650 5,600 6,450 T,600! Y,000 & 250| 7,500 7,600
| 0° Loaded 1?,-1m-.13,200lzo.moﬂ,em.z;,lsoze,nwgm,smw,mg?,om
No. 00 | Al |30°Noload| &800 8,700| 9,850/11,200/12,400/12,400 12,500/10,100| 9,250
e e 5,800 6,000 7,200 8,4001 9,60010,00010,400| 9,100 8,850
e e 4,100 4,650 65,6001 6,450 7,600, 8,150| 8,850 §,400| 8,100
i 0" Loaded| 16,100|16,800 18,800,20,800 23, 500 24,24)1}?7,600 25,400 26,400
‘No. 0000 | All  80° Noload| 8,800 9,?0!.’!| 9,850(11,200/12,400(18, 250115, 100112 55 |12, 150
| e LR 5.8 6,000/ 7,200) 8,400 9,600/11,25012,370/11,05¢ | 11,000
e le e 4,190! 4,650, 5,600 f,450] T,600 0,050/10,350| 9, 850(10,150
| 0° Loaded ls,mf'w,1nn|w,m0§13_,ai}u|m,1ou 22,700 24, L 000124,

(%) Correspond to the tensions of Table 18,
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COVERED OOPPER WIRE
: i ,
. i N RD AND MEDI‘UM—DRAWN b
TABLE 22—-8']331:.53]‘2% IN HARD Rt R aTHS )

= gtresses.

—_—
Length—Teeb
Size  |Grade oill Conditicn N Span : Y W
A, W. G. | Constt.| © Loa — T e | .
» W 8e) > ki |
e I e

el ek —
l I | Tbs.
T | Bus | Tbss | Lbs. Ths. | Tos, | Tbs

b} ¥ per pel
o _ [ mer | ]J?l per ; _\ng‘ 55
| 8 De!ln.llﬁifmin.,lsc;. In. 8. In.\5d, m"|sf{'-m
| PL00 | Byt | 5,590 | 2 g

No.8 | o 3o Noleadl S | Flosy | 4,000 |-
I e, e A5G | 4,500 | 4,550
I| 9?1" Loaded| 8,900 40,000 | 42,800

5,550 | 5.000 | 5,159

No. 6 II A g‘;NFm?d %‘ﬁﬁ | ngg '| i'gtsg =
CRE L} i 3, |.. 2 ( d A ; : i
\ m{r’ Tonded| 28,000 | 80,800 ﬁl 32,500 |
| |
axotond] 7400 Taco ) 6,500 |
No. 6 |i B \gga_ﬂgma L LA 5’%!
' e « o« | dbon| 5,000 5,000
| ll o Londsa| 300 | 53,100 | 31,
l ________
o g.a00 | 9,150/ 8,260
No. 6 | 10 .iggwﬁglo‘sd b \I }1,;;3- 5;*-@‘?;,
AR - > A R T A i s
||| IIlwlr Tonded| 81,000, | 34,000 | 87,003
o Nolond| &0 | 8500 | T80 o
No, 4 I| ATl llgg.,Nﬂl".? 5_350\ ?,‘5;3‘3,3 || g,i?)g I. 5}£| 5.650[
I‘ o 541600 t 27400 | 25,900 | 80,700 lI 31,7100 | |
| o | gg00 | Tee0 | 9550 | 10,200 8,180 |
No. 2 .|| A s Noload %%| ?4,‘_‘55{:; 950 | r;-,ﬁm_l %,32?% -;’lﬁt}'
<) |6 :‘. “ 4'9(1(‘,:|. 5,?;'10| 7,400 | 6,50 e 29:%0|
| \an® 20’9300' 22,300 | 24,000 | 26,250 f D
| i l' | 7,700 | 9,650 | 10,820 | 10,060 |
I { 7000 | 208 1B
| an lsrNolond| £3% | S0\ Dofp | wew | 80| BID
No. 1 | e W 6050 | 6,30 | &30 | 500 | 2100 Lit
| e é% | 20%000 | 20,800 | 28,700 26,050 | 26,000 |
| | Toal | s | s sm\n‘m\n.m:
No.0 | Al [30Nolcad o 8430 | 50| =ooo | 100 | o0 |
el oo st | Sheo | s | e | G DR | oiiseo |
3 E £ i
| §mm it 8,000 l[ 9,500 | 11,300 | 31,500 |
| : 50 | 8,200 Sy L pot 3 "5
Ng. 00 | Al ;30:“31‘::?‘1 g.m || ﬁ;m~ 6,450 | 900 |I g‘%ggl g,m:
: | I G {550 | B.000 | 8,450 6,500 | 0 | 20200 |
I e 4200 | 17300 | 27700 | 20,250 | B2, |
| "0° Toaded| 16, \ B 2 gmlum e
oo | ' al 815 oo | 8,500 | 9 ! 2
o 2,150 | 8,000 5 | | 16250 50
Xo. | An e Noload) Bl | ot | 6,000 | L0 reo | 9.5% ]|
| A “90\ 4-‘25?1\15'800'-17?000 | 19,050 28,200 |
o T.oaded 14,650 15, O i ,
|

i

l
(+) Cortespond to the tensions of Table 19.

BELECTRICAL CODE—APPENDICES PART 2

TABLE 23—STRESSES OF S%
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FE-DRAWN COVERED COPPER WIRE FOR DIFFER-
NT SPAN LEKGTHS (%)

Etresses
Size @rade of Condition 8pan Length—Feet
A. W. G. | OConstr. l of Load
| 00| 12 150 175 200
a1 | !
Lhs: The. | (EbS. Lbs. Lbs.
per per per par per
sS4, In. Sq. In. S, In. Sq. In, | 8q. In,
No. 6 6] 20° No load 4,500 4,550 4,950 |
gz <« 8,650 | 4,100 5,000 |
gge w o« 3,400 3,700 3,850 |
0° Loaded] 26,250 28,550 29,600
No. 4 A [30° Noload 4,350 4,250 | 3,80
e e 4,600 3,75 N e S R
ige ¢« 3,150 3450 | 3,800
0° Loaded| 20,400 21,60 e T R e e 3
No. 4 | B & O 30° Noload 5,500 5,100 4,550
e e 4,200 4,400 4,300
goe ¢ 4,550 2,000 3,500
|0* Louded 20 | 23500 ‘ 24300
No. 2 A [30°Noload| 8,300 5,100 4,730
G as 4,200 4,400 | 4,500 |
gpe @ o 3,550 850 3,900 &, 000
| 0° Loaded| 17,300 18,600 18, 650 9,800
No.2 | B&O |:o' Noload| 6,650 6,500 8,000 5,700 5,500
e o« 5,050 5,350 5,150 5,150 5,000
lge e « 4,050 4,500 4,550 4,700 4,700
0° Loaded| 18,760 20,300 20,500 | 21,500 21,750
No. 1 | A 30° No load G, 600 6,500 5,800 6,550 5,300
LI 4,800 5,150 4950 | 4,950 4,850
e e 2,000 4,400 4,400 4,500 4,500
0° Loaded] 17,050 18,400 18,550 18,830 18,950
No.1 | B & O [80° noload 8,550 8,200 7,500 7,050 6,850
Gl 6,000 6,25 6,050 6,000 6,000
o ke w 4,650 5,000 5,200 5,300 5,500
0° Loaded| 18,800 20,100 20,500 21,300 21,500
No. 0 ANl (30° Noload 8,600 8,350 8,050 7,650 7,500
ogo ae e 6,150 | 4,850 | 6,450 6,400 6,500
lgge s 14,700 5,180 | 5,400 5,750 5,800
0° Loaded| 17,850 12,500 19,000 19,600 20,250
Na. 00 All  |30° No load 8,500 2,200 8,100 8,000 8,000
G T Pl 6,000 6,250 6,400 6,650 6,850
gt =D 4,630 5,000 5,450 5,750 6,100
‘ 0" Louded| 16,400 17,000 17,760 18,800 19,000
.~ No. 0000 All  [30° No load 8,150 2,100 8,850 8,700 9,950
Al 5,750 £,100 6,550 7,150 | 7,850
| G (L 4,400 4,850 | 5,450 6,000 6,560
| 0° Loaded| 14,480 | 15,000 | 15,700 16,600 | 15,000
(%) Correspond to the tensions of Table 20,
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2. MINIMUM SAGS WITH CORRESPONDING TENSIONS OF IRON
AND STEEL WIRE.

The following sags are those which will stress the conductor
to nine-tenths of its elastic limit under the loading conditions spe-

cified in Order 1241.

This method has been employed for determining steel-wire sags
for the reason that steel wire is generally used in rural districts
where the chance that conductors of other materials will be strung
on the same supporting structures is very remote and where long
spans are used for the sake of economy. It is important, there-

fore, to know the minimum sags that can be used without over-

stressing the conductor.
When short spans are used and there is every possibility that

wire will be replaced with copper or that copper cireuits

the steel
is recommended that the

will be strung on the same supports, it
sags for copper wire of the same or nearest cross section be used,
unless the sags specified for steel wire are the greater, in which
case the latter sags should be used for both the copper and steel
This construction will eliminate a ragged appearance

conductors.
will also assist in preventing conductors from

in the line and
swinging together.

Under the assumed conditions, the tension in the conductor will
be as great for short spans as for long ones. The longitudinal
strength of the structures for such spans must, in order to with-

stand these stresses,

lost unless the sags are increased.
Since the sags for iron and steel wire have been calculated on:
the basis of the material being stressed to nine-tenths of the aver=

age elastic limit or 0.45 of the ultimate strength, under loaded con=

ditions, the values for the sags an
are limiting values,

A series of tables of stresses is not included since the value

ander loaded conditions is always that given in the preceding

paragraph.
computed from the table of tensions.

he comparable to the strength of structures
for long spans. The advantage of using short spans is accordingly :

d tensions given in these tables

The stress under other conditions can be readily
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TABLE 24—BAGS FOR EXTRA BEST BEST (E. B ) IRON WIRE FOR DIF ER-
' 8 S ( B IR
: T

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

- Bags
Bize of Tern
i o Deg.g‘: = Span Length—Feet
100 |15 |10 [175 | 200 |950 [ 300 400 | 500 |00 | 700
|
In, | In |
Mo W R | b In, | In. | In. | In,
Stl. W. a.| 60 5| @8 T gs %333 | 308 e "I'n“‘" et e e
90 2.5 49.5 73 | 100 | 155 | 2y J""“
T IR R R ot S e
- W_se g 18 | B81.5| 49 | 68.5| 94.5! 150
. | & 21 | 88 B [ % | 97 | 153
L i 23.6) 30 | 54 | T4 100 | 155 | |-
0. 4 320 1 SR s ey
21.5/ a1,
8t W. &. & 145 25| %_'ﬁ- g.s 4 ﬂg e
? 17.5 2&5-[ 40.5| 56 | 75.1| 116 il
in. %0 R R (PR R e S
i 3l 17
7 strand ® 10.2) 21 ] Sl e & 1115 1085 208
% 1360 24 | 3r | 83 | 71 |16 | 1685 310 =
?:h: in. i g8 7 zl 13 | =22 : LRIy
i 8
rand | 60 .1 9.9‘ 17 | 2.0 88 | G |00 208 | B0 |48
o . 4l 135 2160 31 | 42.5 m,sl io5 | 198 | 308 g«%
whin. 3.9 7_.0‘ 11.7| 18 ;
and o ?f o ig.s! gg g?a‘g o %’g 168 ggg gg
7 B 19 53 5 915 ¢
i | 1.6 81.5I 91.5}- 168 | 267 l 393

TABLE 25—SAGS FOR BE
BT BEST (B, B.) IRON
i aneta WIRES b
e FOR DIFFERENT SPAN

(At 80°, 60° and 90° T., wires without load.)

| B | e
T : 8pan Length—Feet
100 ) 195 (150 ) 195 [ 200 |250 | 300 | 400 | 500 (600 | 700
%o In, | In.. | In. | Tm: .
3 5| 1 o
L 90 2 | 135 63 | 87.8 118 ]1343 """"""""
0. 6 a0
% 13 | 25 | 4 | ss !
I W. 6. & 16 | 8.5 435 61.§ g?lg %ng '''''' z
- 10.5{ 81.5| 46 | 65 | 8.5 136
o, 4 an i . ]
8. W. Q.| 60 w8l % | a7 & 60| 58" 2 |
o 90 145,28 | at | 4 | 635 1902 | ) e
14 In, 20
i 4.8 11.4] 23
7'strand gg 87 15 | o f{ e gs %ﬁa b
b 9.5 1o | 80 | 445 61 |00 | 148 %
ig 10. :
,’_}stm]li 8 S 56l 0% 16.5 255 50.5 815 161
g0 g | T4 1 e | 0sl 555 o | 106 |79 | son | o
4 6 10| 17 | 25.5| 3.5 6t | 92 | 1M1 ﬁz;é ﬁ 2ot
n. 20
LT g3 sa& 91 15 215 4
8 ;_._s r5 116l 18| %0 & ?;.‘E ﬁg o | |
B 9.5 1.0 23.0 319, ‘ ™| 18 |38 |0 | 0
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PABLE 26—SAGS FOR ORDINARY GRADE STEEL WIRES FOR DINFERENT SPAN
L

ENGTHS
(At 20°, 60° and 90° T., wires without ioad.)

H__._,_.'_______,_——-—'_‘-"_-'______._-—-———-—__-_‘

| . Sags
s
&i%e of ggm)]:]‘ e | Span Length—Feet !
ire g S
i | &0 o0 |25 [ 10 | 176 | 200 | 260 | 800 |
| In. \ Sl o I O ¢ P 1 -
No. 8 g | 2 | 8 | bo.s| 79 | 104 | 168 | 249
S, W. G.| 6 55 | 3.5 55| S0 | 105 | 170 | 291
mCRE | 40| m.sl B | 075|118 | 21
. &
No.& | 20 4l 23 | 87 54 | 78 | 122 |19
silol & | B Ee BHHo By B
o
| | - _
No.4 | %0 6.4 1450 2 | 8 L| 52 1 83 || 132
oi%lel B | 459 R B8 RIS
: ; Al |
3% fn. 8 oo 7| 165 sl 4 | w51 |u |50 ,
7'strand | 60 L5 o8 mo| 3 ‘ 5.5 79.5|121 | 230 | 866 |
| %0 6.4! 13.51 95 | 95.5 49‘5] 83.5| 125 | 283 la’m .............
| iaza |
5 6 L6 7T 15l s 40 | e |15 ~s;s \4_57 ’
et | 31 sﬁ'| 1?;.1' 57| 245 sl T |82 | 557 | s | 452
90 1.6| 7|1:a.5 19.5|I 29|5¢z|sn|msims 850 | 497 .
| v
= 26 43 66 990 145 280 480l 105.0 180 | 212 \%3 e
Phoena | ® id 53 83 15| 18| 8.0 5.0 12 | 167 | 279 | 8% i
90 f0 6.8 107 16| 2.5 395 610 11as| 193 | 285 ||59'r r
) | | | ) 1

PABLE 2/—SAGS FOR SIEMENS MARTIN STEEL WIRES FOR DIFFERENT SPAN
LENGTHS | "

(At g0°, 60° and 90° T, wires without load.)

e o =

Bags

Sige of  |Temp. Span Length—Feeb
Wire £ I :
1 |
100 | 125 1_50-]1?51%0]2301300 400 | 500
: |
fn. | In Iu.lin. In, | In. |In In,
jo. B 30 1
.W. G 5.5 17 | aL.5 49 s*.r ojig 170 | 817
Bt W % 0.1] 20 | 34.3( 51.0 || 118 1172.5( 320
| 1277 24 | 38 | B4 117 |15 | 325
No. 6 20 ; .
St W. al & 2l 7.3 16 |28 |43 | 77.5(119.00 230
: %0 55| 10.7| 20.5/ 8% 475|mums e e e e =
el 15 | 25 | 38.5 515 aﬁam 238
No. 4 20 54| 4.8 85| 15.0 2.0, 8z | 164
8t W. & 80 2.5- 6.5 12 |20 |80 555 86.5| 168
- 90 20l 961 165! 25.5) 5.5 61.5) 915 178 |-oomrloemns
|
14 m, | - 80 1,9 g,s 5.$i ?‘3-%?, || i’;g\ gg.g ig
3 i § 60 2.9 & BT Al . 1) z
s 90 Srl 5| 8615 |24 |40 |81 |16t
3 |
&1 in, 30 18| o | 48 a8 oo |30 )| 8
trand 80 2’9 3.6 5.6l 8.2 12 | 923,65 425 91.5
(F a0 22 35 7o 1014 15 ER 105 I17‘r
8 in. 20 10 2.9 4 5:5\ 7518 | 215 50 |
15 21| 4.6 6.5! 8.8 15525
s 3?,. 2.9 3.6 b.4| 7.6 Io.sii 18.5 295\

i
i
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TABLE 28— TENSIONS FOR EXTRA B
EST BEST
DIFFERENT SPAN LE]I?“IS&'I‘ég (% Kok i b

il Onndl}fz‘lons Tensions
o
SHLW.0.| load and |— Spar bt oo
Temp. F. | 100 | 125 | 350 175 | 200 230 800, 400 500 | 600 | 700
n |
: Thbs:| Lbe.| L
No. 8 |wr Noload 35;: I%ﬁ I%glmgi. L‘%E. Lgi Thbs.| Lbs.! Lbs.| Lbs.| Lbs.
BOT e 25| 3| 36| 84|
: « e | 83| &3 81| B8
0° Loaded| 422 | 422 | dus | 432 | 422
No. 6 |[30°Noload| 6| 95| 50| ©6F
o7 st T 69 Gsl & ﬁ
pozice 4o 4 04 64| 63 63
0" Toaded| 502 | 592 | 592 | G602 | 592
No. 4 [s0°Noload! 188 | 1o | 13¢| 1 :
i : 127 2 !
gpr ot 144 | 182 | 128 10 EB 116 |- I
0" « { g | 7| ws | ne| we| me |l ol
Loaded| 818 | 818 | 818 | 518 | 518 | 518
Y in, |30° Noload| 25
7 ateand j6o° ¢ o %Eg %{FIQ }g :]Iiug
s 140 | 122 | 114 | 109
0° Loaded| 810 | 810 | 810 | BiO
rhn in. |30° Noloa ’
% strand u&d)’ £ 20 (%13% % E§ gﬁ
PR S 426 | %64 | 882 | 310
| 0° Toaded{1,394 1,504 1,804 1,894
%% in. |30° Noload|1,134 | 981 | 840 | T
_ 0° Noload (1,17 : 795 | 642 | 540
7 strand |60 :‘ :‘ Eét:g Eﬁ‘; gg_g igﬁl ﬁé 19‘1 igg ﬁ fg ﬁ; ﬁg
: . 51| 488 | 4 3 i
07 Loaded|1,711 |1,711 11,711 J.‘L__,'?ll il,?ll 1,711 1,711 1,-?12? 1 ?1% l,g'ﬁ 1 *ﬁi5

(4) Correspond to the saps of Table 24.
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; BEST (B. B.
TABLE 20—TENSIONS FOR Bbé&ﬁn BT aois .
- —

.
:-_-_-_-’___'_‘_._-_-—-_-_-___‘-_________-________,___

Tensions

2 IRON WIRE FOR DITFERENT

(‘.lol:lclﬂtﬂfmg o 70
: of i o e e e
oo .}Lgad i 176 | 200 200 800 | W’I L) !

: l )

o | Tbs.| Loa: l Lbs. ' Lhbs
. he- 0’| " {

No.'8 (30° Noload
St.W.G. |gg., @ G

No. 6 30° Nolgad
BiLW.G. 60‘; € o«
b 0° Toaded

o &l Helos

8kl W Q. |$‘: P 11"46
0° Loaded| 916
al =8
1 in. so:lwzoloa
T strsnd 9‘1 e %} 120 | 181 50| 900 | 00 [LTThoeeeer
(}’ Lﬂsded 400 \ o
go3 | 404 | 892 | & 15 | 296 2911
10 In, |30 No load}1,073 G | oo | dus| a2 sl @) S| 5
7 strand (607 ¢ i oo | o | st m| SO WO 5 B o
I a§ﬂ1 530 |1,530 1,530 (1,580 (1,630 |1,550 {1, 481 | 412
i 2onie * o1 | 404
12291099950.331%‘5?555%&14&34?3168
30° No load 1%?3 "oes | apd | 187 | 691 Ere 456 | 463

7 8’%1&:1(1 gg: i
0° Loaded |1,891

e —'_'_-—-—-—"_'_"_'_'_._.
(#) Qorregpond to the sags of Table 25.

B8 1,891
6RO %‘;}Ilwlgmlmllsﬁllﬁlim.
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TABLE 30—TENSIONS FOR ORDINARY GRADE STEEL WIRE FOR DIFFERENT
SPAN LENGTHS (1)

e ' Ganditicns Tensions
Stl. W G, Ioad and Span Length—Feet
Temp. F.

0| 125 150 | 135 | 200 250 | 800, 400 500, 600 ¢ 700

Lbs.| Lbs.| Lbs.| Lbs.| Lbs,

No. 8 30°Noload| 52| d8| 43| 43| 43
:ﬁoﬂ “ £

[gg> & s bl Ol 4 0| 40| 40| 39
0* Loaded| 508 | 508 | 508 | 0% 505508|508

No. 6 [20°Noloadl 182 | 108| 92| &r| m| so| w
. L 1 “ 89

fom 4 & 53 80 T8 0| e 6| 75
0% Loaded| viz | m2 | 7z | 72| m2| nz| 712

No. 4 |30°Noload| 318 | 225 186 | 169 | 158 | 148

6> « @ zn 176 | 162 | 156 | 147 | 42
g0F e e 158 147 | 143 | 139 | 138 138 | 13d
0° Loaded| 582 ‘ 82 | 952 | 882 | us2 | 682

% in. 130°Noload| 666 | 15| 285 | 216 133| 186 | 145
7 strand |ap® “ 410 298| 292 | 185 | 166 | 148 | 140
e e 281 218 | 181 162 152| 141 136
0° Loaded| 1,031 |1,034 |1 034 (1,024 1,081 1,084 {1,031 |1,081 L,(m

|
51 in. [30° Noload| 1,192 |1,070 | 924 | 72 | 6sg | 491| acl s ms
7strand {60° | o3 (gg | gog | 6o | sid | 0| aw
g e 129 | 610 | 518 | 462 | 472 356 ; 320
0° Loaded| 1,710 1,710 1,710 L70 1,70 1, 70 1,536 1,710 |1,710

% in.  (80° Noload| 1,726 (1,630 {1,500 1 372 | 12..8 990 329' 677 | 618
7 strand |f9° ) 1,402 (1,816 1,203 1,093 830 | 728 | 635 | 597

90° w0 | yiaeg 10017 | e | Ceag | m 705 | @52 | 60 | 576 | 566 | G5s
0> Loaded| 2,249 (2,940 |3 ,249 2 249 13,249 2,210 2,240 (2,249 2,249 lz.zgg 2,240

| ! |

182

(*) Correspond to the sags of Table 28

10
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= N 4 OR TF ERENT
b i b 10 N I TEL WIRE I DI
TABLE 31 TEXS ik |

—_——— e ———
e = e Tengions

——

] e s o wet
|Conditions |———— Epil TR 600 ( 700 (1,000
Size | of e s oy _250-900[4”°|§m| Jeat
4¢1.W.G.| load and 195 190, 17 | iiad. Be f—
_—-—i'_-_

| o
| Temp. ¥. | 100 |
|

bs, | Lbs:
3 ' |LbsILbs.\L_‘bs.llLbs.|Lb§.iLl)s_.,th.|L - {Lbs:
e A e e S

58| BT !

’ : | | 64 |
No.8 5tl.[30° No loac - - | 5 B
W. G. Ils;r e 1.au| | g pel H 5‘“'1
{"g° Loaded ﬁs-il |-y A Zﬁl i
. g0 g e iﬁ %195 118 1o
¥o.6 St1. 130" No load o B e 1w B b
k%{: G, leoe o 51| fa 1 | 13 190 s 1o
. i ; a:{ed e Qﬁﬁll 906 966, 906,
o . | ) 261 230
. Nolond| 3 63 830 i sz | 2 2
Yo.4 St %ul‘f‘ulq-? 5981 A moE| B o ==t
W. G. |60° © T 30| 837l 1%\ 1,307 1,847 |1,347]1,847 1,837 =l
0 Toaded| 1,347 1,847| 1L,347) 134T | ol el 1l vl 9

| 6r1 05
1 o3l sos| ‘gl |
% in. 80 Noload) Lg o w3
e < 60 5001 81 1 350 1,360
Iﬂga T.oaded 1,350]_1,350; 1,35 'L

I angl 1,546/ 1,430 1,C0

Jo 1o L7780} 1,650, Loh0 ot 063

St \f‘;ﬁ;ﬁ? toad| 1+ %l 1,318 1,280 LU M,
PR o0 e« | BAS BRI 2,0 2200

Sol Sesl b2 18| 135/ =
ga0] 2ip] 186) 138| %}0_- =
1,85011,350{1,850 1,350 1, 8501 -~~~

|
100 7ol Tl 48 64 436
- oo i 4Em|i 421
w5l bya| dssi M7l )
2,160(2,100/2,3602,160,2, 16072,

[

f 01

0° Toaded | . 180811, 41111, 114) 961 B0
ol 00| 2wl g 2 15 o S B ) B
% in. |0°HO108 2,200 2,230, 2,188 2090 Treng |1)5aq 1368 e %"ais’.m1l3,n&ﬂia,ﬁﬁl
veuand 6L« 1-,96-'\%'3‘& 3061 8,061 5,061 5,06113.061 5, (e i

h"'Loﬁﬂﬂﬂl 3,061 i
able 27,

& "
() Oorregpond to S8ES of T
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3. MECHANICAL DATA FOR COPPER AND STEEL WIRE.

(a) Copper Wire. The following table contains data on the
ultimate strength and per cent of elongation before failure of
hard, medium, and soft copper wire as given in the 1915 report of
the 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 copper and 50 to 55 per
cent for medium-drawn copper. There is no definite elastic limit
for soft copper, but its behavior, after having a slight preliminary
stretch, 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
grades of copper. The coefficient of linear thermal expansion per
degree F. has been taken as 0.96 X 10 -5, :

TABLE 32— MEQHANICAL DATA FOR COFPER WIRE

|  Harddrawn | Medinm-drawn | sott-arawa
| | | Average Average
” Bize Diam- | Average | Average Minimnm Maxim’m

Elonga- | Average | Average
Ww. G, eter | Ultimate Elonga- Ultimate| Ultimate

tion | Ultimate Elonga-
Strength| tion |Strength Strength Strength) © tion
| !

Lbs. Lbg. Lbs, Lbs.

Per Per Per Per Per Per Per
Sq.In. | Cent | 8q. In. | 84, In Cent: | Bq. In. Cent
63,700 1.06 4%, 660 86, 660 e S R
62,100 O 49,000 | . 56,000 1.15
60,100 1.24 48,350 B, 330 1.2
57,600 1.98 47,000 54,000 2.50
56,100 2.17 | d6loco | 5g, 2.75
54,500 2.40 15, 000 52,000 .00
52,800 2,80 44,000 1,000 3.35
51,000 3.2 | 43,000 | 50,000 3.60
49, 000 3.15 42,000 49,000 3.75

| = |

(b)) Iron and Steel Wire and Cables. The following table con-
itains data on the strength of various grad
id cables. The data for cables was obfained from tests made by
e American Telephone and Telegraph Co., and by the Bureau
I Standards, and for solid wire from manufacturers tables,

‘The elastic limit for different sam

es of iron and steel wire

ples of the same grade of wire
the minimum value being 0.45

4

Il vary over a considerable range,
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and the maximum 0.55 of the ultimate.

leen as one-half of

of the ultimate strength
therefore, has been ta

The average elastic limit,

the ultimate strength.

However, in order that the minimm value of elastic limit may
ot be exceeded 1n practice, the sags for iron and steel wire were
all figured on the pasis 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 degree
T. has been taken as 067 X 10-°.

pATA FOR IRON AND STEEL WIRES AND CABLES

TABLE 33 MECHANIOAT:
| | mModulus
| Ullimata gtrength oi— of Llasticity
x 10 of—

_____________.—-——-—-—-—'._____- _—
| . Ordl-

Bize Diam- | Ared | I i
Nominal eter | | » | nary
] | orai- | Bie- Grads

=B | BB | pary | meng EBE and

Martin| and Bie-
Steel | BB mens-

a
Tron | Jron |Gr-nde|
Steel
Martin

S

Lbs. | Lbs.

| Lbs. | Lbs. | Lbs. Lbs.
! Por | Per | Fer Per Per Per
In. (B4 In| 8q. In.8q. Tn.'8q. In.i8q. In.i8d. In.|8a. In.

000 | 54,700 | 74,800 | 26

g2 | .0206| 45,460 l| 51,
5 o6 28

o5 | .oee9| 46,450 | 51,000 | 547600 | 74,000
295 | 0398 45,500 | 51,000 | 51,600 | 75,000 | 26 29
|

| om0l oo | 52,200 | 60,700 | 78,900 19 21
o7 | .0634| 47,400 | 52,000 | gg100 | 73,400 | 19 a1
200 | 85,900 | 19 21

18,000 | 53,000 | 63,

4. RESULTANT CONDUCTOR LOADINGS.

The following table gives the resultant loading in pounds per:
e and mq'terial. The calculation

foot for conductors of various siz
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
turers vary considerably and hence average values are chosen.
This is also true of the sizes of the strands which make 4

stranded steel cables. The values of loading are based on ti

sizes of strands given in the table.

various manufae-

B 7
ILECTRICAT, CODE—APPENDICES PART 2 149

TABLE ' 3H—CALOULA
TED LOADING FOR
. CONDUCEORS OF
VARIOUS SIZES

Bize of Cond Do : :
uctor over all ggg&icqrf ngs‘:g};;mt-
1 it . . g
B“fq :ohl% copper, A, W. G. T |
; i n. L
_________ e bs.u?& m..I.bs_.oPglr&m..
102 A
162 o5 | i
a0t 126 oot
g 201 1.005
\3% e | 1
5 d | TEe
160 J641 e
21 035
2 [ 1053 o
2 gg 1.008
38 164 %:%’g
A 260
.gg l .316 %:gg
| ggg 1.435
65 767 %%
444 270
250 1.
o1 i 19
62 (502 1606
ggg‘ggg gll mils i g o
: ir. milsi oo 5 3 . :
e L S MR S N S5 gﬁ% . i i
b 760,000 cir. mils. i 163 : il e
,000,000 eiv, mils. oo ... L& 3o 3%%;
.............. 1,531 3674 %
; | 5.230
201 061
; 1.
ggg Bk 1.3%?
368 087 1.11%
] g 122 1.168
ar}tY gtegig-tﬁoh% and stranded i 15 ks
: . W. G. solid_.___
gg ﬁ gg W. G. solid________ gt ooy
e .?w. G. golid P R e o | e
g o 83 mils. Btr. ... o 184 o
i v T—109 mils. str._.. e, T - 12 1
n., 7—120 mils. str._..._. 55 . 210 igii
i R 360 | : ;
o :g]l;s icm‘: rNo. BB. W, Gi-is I - -
Sare ol ron No. 12 B. W. G 1
Bure solid iron No. 14 B. W i m | - s
i njgd copper No, 12 N, B, 8 e ; o
Bare solid copper No. 14 N, B. § 060 -%g i
| ! . 080 L0189 H
V 814
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- ERISTICS,
NIGAL CHARACT
ING DATA, MECHA UPPORTS.
APPEND%&?M :-:Lix?:;ca SETTINGS OF OVERHEAD LINE 8
AND REC

] Transverse Loads on Conductors of

& ASW"’"‘W_d V‘?f'*’}:“;if:f {;f;:lsiii:':igﬁzﬁoloads on s-uppoli.‘ts .du?
Various Maier‘(f{'f l::r{:h o.rdwithout ice based on the a§S}111'1131t1f}r:?n05
Sl “‘}' ren in Table 35. Values for ve;:tlcal oad t_Jgd
01'd8f_1242‘f’~: a}m glszées ;md materials can be rea.‘dﬂy col"{l{gi;l.
iy i?t :;ters c;[ weather-proof wire supplied by cll;ez i
G (:F:;-;f:lle:';a;ary -cousiderably, and hence average va
mantiiz s
chosen for the table.

SUPPORTS
3 ON QONDUCTOR =
LE 85—-VERTICAL LOADS - 4k .
TABLE %—VER! g R
I | 2 ¥ i R e
- e OVEr i &
_J Size of Conducltor
[ ‘.. In. Lbs: Per Ft.
h 0.381
— e
Bare -so]jg copper, A, 3 12% | =
3 1162 0,451
-204 0,564
L2658 0.673
a 280 0,744
| 825 | 0,833
| 365 | 0.940
460 1.238
| | 0.476
2} 0.519
2 2 | 0,547
52 0621
.39 0.711
Sy |" .83
AT | p.019
I (50 1,029
| .58 1.3
165 ‘ 1.45%
! .
r. i 15 Ak 0,855
3 . B W, P, ostranded eopper, A, V : ‘ ‘2}’8 ‘ 35{% |
2 i T AR y A. o
e 662 %Egg .
EG' gﬂ _____________ E | 1,832
ND, e i -
0 gl o 078 |z
| N‘ém?% eir. mils 1'?,6_3 2.:2% ;
] 250,000 cir. mils. .- i il T
i GO 000 eir. mils. ——---- 15 5:is
760,000 i, WIS, —oomoornoenooemee : ‘
1,000,000 @Y, WIS, -oooeeaeam
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1 TABLE 35—Continued
= — e S
Diameter Conductor4
Size of Conductor over all 0.3 ineh ice
i Bare stranded aluminum, A. W. Q. )
0 S e e 0,291 0.558
Na, 1 __ 325 (1.592
No. 6 368 0.6%6
No. o0 - 414 .61
L e 628 0.831
Bare solid copper, No. § B, 1. i L1685 [ 0.9
) Bare solid copper, No. 12 N. B, g, 01 | 0. 400
¥, Bare solid fopper, No. 14 N, B. 8.7 = B | 0,581
Bare solid wron, No. 12, B, W. & 3 109 [ 0l
bk Bare solid iron, No. M BowW G 183 | 0.381
! Bare steel—solid and stranded |
L o A R R .16 J 481
o No. ¢ 8tl, w. G.—solid._ 3 182 527
No. 4 StI. wW. G.—solii._ 3 295 | EBY
W In:, 7— 83 mils., stranded. L2480 £on
1 fhe o, 7100 mils] stranded. .89 | a5
; in., 7120 mils. stranded... . .-|| 360 | 830
£ — P e e Tl g
L

“ values of transverse loads computed from Orders 1240-b,
v 1242-p, 1280-¢, and 1281 for various grades of coustriction (A,
: B,C, D, or E) are given in Table 36.

G These values are computed on the assumption that definite

fiber stress, equal to half the ultimate strength of the material,
& will be considered as a limiting value, and that the loading specified

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-potund wind and 2 half inch of ice on con-
ductors, The next column to the right gives valyes two-thirds as
great. The column headed A gives values 50 per cent larger than
for B. It must be remembered that for signal poles not guyed,
double strength is called for and this is most easily figured by sim-
ply doubling the quantity given rather than to ntroduce different
Working stresses in the material.

Values for transyerse loadings for wires of other outside diame-

ters can he readily computed by adding one inch to the outside

~ diameter in inches, which will give the force in column A This
- Tesults because one must divide by 12 to convert to feet, multiply
by 8 1o give values for B and increase these by one-half for A.

Laieems
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(b) Calculation of Moments of Resistance of Poles. The re-
sisting moments of sound chestnut, western red cedar, and cypress
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 bhased tpon an allowable fiber stress of 1800 pounds per
square inch, which is one-half of the assumed ultimate strength.

For other varietied of wood poles, the resisting moments will be

in the same proportion to those tabulated as the relative ultimate
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 vellaw
pine should not be used for supporting structures unless creosoted
or subjected to some other preservative treatment, as otherwise
the rapid deterioration will require early replacement,

The following formula has been used in calculating the moments

M = 0.0002638 { C* = moment in pound-feet; where

f = allowable fiber stress in pounds per square inch, and

C = 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.

Since the wood usually deteriorates most rapidly at this point, it
is here that sufficient strength must be provided.
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- by to h.= respective elevations above ground in feef, of con-

P 3 ductors subjected to forces P, to P.. . .

S = span length, in feet (or one-half the sum of the adjacent
spang).

P, = pressure in pounds per square foot as given in the rules
mentioned above, according to local conditions (A, B,
¢, D or B}.

D = estimated mean diameter of pole, in feet.

~ H=height of pole, above ground, in feet.

Then the moment due to the pressure on the pole is M, = 4P, DH®
pound-feet and the moment d

k : ue to the pressure on the conductor is
Resisting momments g - M=8 (Pmh; + Pn,h, + ... Panghy) pound-feet, and the total bend-
sting moments in pounci-l?gse; 5?‘“ 4 mg moment on the pole is M = M, + M.. This value of M will always
‘ Iitnes:g?c'ﬂlmd'_feet for ireumfer- _____ijET__S___._..___--. 4 be employed for poles carrying supply lines oniy, but where only signal
) fiber stress of enos B0 10 pounds;1,800 Dfl'l‘;?r‘g“ ‘ conductors are concerned, the bending moment o be considered, in
i — ds1,800 pounds R per square | Der Sdy order to fulfill the reguirements of Order 1281 will be as follows, when
ground i o“sgro s?:&am \’pe‘[‘_sq'lﬁ“ra | $ | ~ side guys are to be used:
inches e in¢ —_— _ | 59,400 l. M =M, + M., when N is not greater than 10;
e " 50 2,40 | elow . 10,
it 190‘13%3 ?:ﬂ{) .g% \l _gg'_q_ ] gg?gg 3 M::M,.—l——-h v When N is 11, 12, 13 or 14; or
5 : #,350 : : 74,800 ‘ '3 : N
% %:ggg 0,850 o | }gfggg | 13,0300 - M = My -+ £My, when N i not less than 15.
g*; \ 1-1,5%% }ﬁﬁm o5 | 215,800 | g‘f{’ém When it is intended to use a pole strong enough to allow the omis-
% | %?:ém ﬁ?ﬁg ?g |I iﬁ%;’a%% | ggigcgg sion of side guys, the bending Omoment to be considered will be M =2
19,550 4y § 125,400 iy ] Wil M .
B | am| o W | | O M3, or =2 (Mo + —=), or M=2 (3, + 30, according
5| R Em G| s omm i | .
= i I 921150 o | ek e 0 the value of N,
TR R 24,000 s | TPl sl : ;
& | ma 1,100 & | lsan 136,500 A pole should then be selected haying a length equal to H plus
i | o 2,100 %{i ' e '] %%g;% the depth to which it is set in the ground, and a ground-line cir-
o) ] i . - . . .
o \ A 200 o || e | m‘?gg - cumference given, by Table 37, a resisting moment equal to, or
i | s 40,450 a1 il | 11{', | P greater than, M as obtained from the above formulas.
| 9% | e B | mowe | 10
@ 500 | 300 R (R 7
g 52,500 5 Tl
I - S
49 A

4

(a) Formulg Used.

i ateri ber, and height:
it the size, material, num 4 ¢
s length’c:l;ewl'uich will fulfill the 1'equfter§e§tsﬁ
p1280—c and 1281 may be obtained gl :
; e strength require
he following formulas for any transverse streng q
of the followit;

i {
conductors, the size 0
Orders 1240-b, 1242-b,

as determined by hazards involved :

=1 ber c ]J!!.lll.’.t.olﬁ n roups all (JonduCtUlS
nmbe: O.t 0 i i 2 3
Let. n; to Mo

- er
£ . d i (=5
2r oup hein of the =sar ne ou taide diam i

N = total number of conductors.

e 3 + ir for H i i i OE-

6] = el ivale ransver e fore & T DQ'lludS per o 0

P t P equ len t B = :
L, n

for the sizes of conductors In
taken from table 36.

L (b) Examples.

(1) Suppose it is desired to choose a pole to comply with the
tders under the following conditions :

Adjacent spans 61 feet 8 inches and 89 feet; average span 75.33
eet

- Height of pole above ground, 62 feet.

. Line in urban territory, and carrying the following wire load

[

Bize 3 Number Voltage
of Kind of Wire of (or other

Wire Wires clasg)
| ‘6A.W. G. | T, B. W.P. 5 7.6 amp,
A, W. G. | T. B. W. P. i} 7.6 amp.
BA W, G. | T, B, W. P. 8 7.6 amp.
W00 A W. G. | T B. W. P, 4 [ 2,900° volts
o000 A, W, G. | T. B. W. P. 4 2,300 volts
00 A, W. G. | T. B, W. P. & 2,800 volts
.. 0A W. G [T B W. P! 2 2,300  volts
350,000 e, m. T. B: W. P. 4 2,900  volis
A W. 4. |T B W. B 1 7.6 amp.
GA. W. Q. |T B W. P 2 110 volts
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According to Order 1231-b, this pole will be required to comply
with Grade C, and the transverse loading due to the wires will be
computed as follows, the values of “Force per foot” being taken
from column C of Table 36.

Span Force in Number Height above Bending
length pounds of. ground moment
in feet per foot Wires in feet (pound-feet)

Thidas =X 587 b 6 =56 60.33 = 15960

75.53 K 58T * 6 pd 58.393 == 15420

83 X BT K 6 X 56.38 —- 14900

75.33 X T34 * 4 b4 54.33 = 11980

7533 X 134 X 4 b4 52.33 = 11520

75.88 X T34 X 6 X 50.33 = 16620

75.83 X .68 # 2 >4 48.33 = 4950

76.33 X .88 3 4 b4 44.33 = 11720

76.33 X B8T S 1 * 44.33 = 1960

75.32 X 587 * 2 ¥ 42.83 e 3740

Me = 108770

Asdumae pole to be used will be one having an allowable fiber stress
of 2,500 pounds per square inch. A pole of 57 inches ground-line cir-
cumference will have a resisting moment of 122000 pound-feet, The
rules require a minimum top diameter of 6 inches, and for a pole of
thig gize

57
6+ ——

W 62° = 10300 pound-feet,

Wa=33C (8 2 8) K
12
M:'—‘R-‘[pwi—Mu:lG?;OD—!-1038002119100 pound-feet.

(2) Suppose it is desired to determine whether or not the pole
used complies with the orders, under the following conditions:

Adjacent spans 124.2 feet and 139.1 feet; average span 131.65
feet.

Height of pole above ground, 43 feet.

Western red cedar pole, of 10 inches top diameter, and 60 inches
ground-line circumference.

Line crossing over railroad and carrying the following load:

Height

of arm Bize Numier Voltage

above ot of (or other

ground Wire Kind of Wire Wires class)

in feet
46.5 | 1 in. Bare Sir. steeliacc-ssacanaromras 1 ground
4217 | 0000 A. W. G | . B. W. B. Str, 3 | 13,000 volts
q0.67 | 0000 A. W. G. | T B, W. P. 8t 2 | 18.000 volis
3T |. 0000 A, W. G. | T B. W. . Str 4 13,000 volta
2217 A, W, G | B, W B. 8ol 1 | 6.6 amp
82.17 | 2A. W. G. | T. B. W. P. 8ol 2 2,300 volls
2| GR W G | Bare Sol. CODPET.ocmrormonme| 2 | “pvt. tel
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computed as follows, the valu e :
from column A of Table 36: es of “Force per foot

Span Force in Number

length pounds G Helght above Bending
whe WGk wie  EW amme
T8t §<< 1.25 % 1 ” s . (pound-feet)
o R B e e o
i L. R s A X We = S
18165 X 1. S VAR Rt ARe e
fie-. 0 2 ro o amm = s
12185 % i M. B s agy s ok
H % ek mn = B
Mi =
o 122,500
gl
= 3 3.14
M,=3x (2
: %X(sz)x___xw = 13400
2 X 12
M=M,+M. = 135900

By Table -
fere}r;ce :;I;leﬁ 037 the resisting moment for a ground-line circum-
s 111chez aft a fiber stress of 2500 pounds per square
. pound-feet. Since this is greater ;

th
18 S(;roﬂg enough to comply with the ordfrs. ek
- S)ideugpl]zosse it (115 desired to determine whether or not the pole
J us ; .
conditions : ys used comply with the orders, und

Adjacent spans 104 £ :
t 6 in
span, 110 feet. eet 0 inches and 115 feet

Height of pole above ground, 52 feet.

, Cht?,_stnut pole of 8 inches top diameter
line circumference. ,

er the following

6 inches ; average

and 60 inches ground-

Sig i i i
gnal line crossing over railroad and carr

E ying the following
eright -
of arm Size |
above of : ‘
ground V
Fraund Wire Kind of Wire Nugﬂmr' (\;}glt:lga
| Wires e]n?ss)wr
5L 88B. W
i ‘ - W. G. | Bare copper —...._. |
4 %3 g g g B loonperae e 5 | Semdl
g | i B8 gsx ggpper B A e B A }g | g;’zna%
. p v B e i
b RN B 8. Bare cquer ___________ NS IP‘ | sig;:l
| S B | BATS CODDEr - i 5 | |Signal

T

‘Vigcg;d(;ngAto Order 1233-a, this pole will be required to compl
e A, and the transverse loading due to the wires will bi;

being taken
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According to Order 1235-a, this pole will be required to comply
with Grade D, and the transverse {oading due to the wires will be
computed as follows; the values of “Force per foot” being 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 (pouml-teet)

110 * AT b 8 H 51 = 34,900
TET 736 x 10 X 49 = 39,700
110 P& 136 R 10 S 47 = 38,100
110 ¥ 136 H 10 ¥ 45 — 36,500
110 .8 136 P 5 .8 43 — 17,400
M. = 166,600
G0
8§+ —
3.14
M=% % 8 e ¥ 52 12,200
9% 12

M, = 12200

Since N is greater than 15, M=M, + 24
111065 = 123265 pound-feet, if side guys are use
value, that is, 246530 pound—fcet_. if side guys are not used.

By Table 37, the resisting moment for a ground line circum-
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 W

will be required to take the entire horizontal load. . -

By reference to Table 37 it will. be seen that a pole slightly

larger than 72 inches in ground line cireumference will pe required
if guys can not be installed.

Assume that guys are installed having 2 le

height of attachment to the pole, or 2 lead of 1

of attachment of 45 feet.

The force necessary at a
ct—a bending mornen

d, or twice this

ad one-third of the
5 feet with a height

§ feet to produce—OF

height of 4
pound-feet at the ground,

t of 123265

countera
- 123265 =
line 18 — 2740 pounds, and the equivalent force acting
45
Vg
in the direction of the guy will be W 2740 =
15

therefore be required having a tensile skr

8660 = 17320 pounds.

sired fo determine whether or not :
th the orders, under the following €

-pounds. A guy will
at least equal to 2K
4. Suppose it is de
pole used complies wi

[0y [ e i

1l be required, and they
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Ad} le:ent “‘b] < = Mgt < g E 1 «Lil, .
spans ]. 4 feet "Ll‘l(l 2 fe(“t LVerage span eet
He]ght U_E |)DI€ c|].j0"~ = gl ()I.11]d 48 fﬁ et . |

Chestn

ut npol s B

St (_l I' l €, Of- 9 mthes tDp di?lmet-er d 5
& nd-line circumference. Rt 58% inches

i o1 L [] p 5 o
su l an I 81011211 ]Hle 111 I Vit wite

load.
g ¢ = g38! b
arm 8i =
above o?a
{i;nra;&neg Wire Kind of Wire E“Efbl?r Voltage
_in feet . Wires (eéa%tsl)!er
47 6 A = 5
£ | S W& RE WV E ;
: e . B W. P, Sol
| QWi g | Es W e s 3 b0
2k, W, € <o W B.opol, : olts
g ?ﬁ ‘é, g :_{: ]]-33 g g 1Egii:l]. g g:% ; :?git.:
CENE w. & | m B wop ol. 5 2,300 yolts
2| N BE |Bh o i 2 gy
- B. 8. | Bare copper .. 10 Peldehona
= 8 Telephon
¢

According to Order 1234-c

this pole will be required to

comply with grad :
i grade C, and the tr:
wires wil : ransverse loadi :
B 1.1 be computed as follows, the valu ng :lue to the
being taken from column C of 'tal;i e;-:‘faof Force per
. s 35

Span* oo fai
in feet per foot of Sronnd nBB‘ﬂl’]lng..
98 X 58 D in fteet ABEIGT, 1A
98 ) g Sg 5 @ % o ~, D-U}lnd-feet
08 X M % SR te S
98 w 68 X Tl e T 15,550
g8 % ;9'6 i(( 3 ¢ 43 ; 9,280
98 X T .06 '8 6 X 41 = zg’ggn
92 X BBT 3 3 5% W = ot
M. g8 L 401 x o i me 11,000
* 98 % 491 Pad 10 W s = 4,490
A G e e T e
= 6,350
Me = =
Sor 103,030
g+
(A 3.
Mpy=2X (8 X8 X e
Tahle 37 the resi t M=M.+Ms = 110,100
e sisting moment for a ground line circumfer
ieh is 132,000 p::ls a;‘i a fiber stress of 2500 pounds per L;:; <)
: Uy ind-feet (by int . : square
s). Since this is by interpolation between 58
2 this is greater than M, this pole is strong o 5h9
egar enoug
garding the last two lines see alse Order 1272.d o
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8. ILLUSTRATION OF ALLOWABL_E NUMBER OF WIRES ON A
GIVEN POLE, AND ON A POLE SUPPORTED BY
A GIVEN SIDE GUY

(a) Assumnptions 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 clear-
ance at the support if 18 feet clearance is to be maintained at
the center of the span (see Table 3). Frequently a less number
of crossarms is necessary where larger sags make the difference
in elevation between the support and the center of span greater
than 1 foot. (See sag tables 15, 16; 17, 24, 25, 26, and 27, Appen-
dix A.)

In Tables 39 and 40 it is assumed (1) that the guys carry
their loads with a factor of safety of 2; (2) that they are in-
stalled 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

account the height of the pole. The wind pressure on the pole

itself has not been taken into account in these tables. This
will be equivalent to that on one or more wires, depending on
size and height of pole, and should be deducted in each case.

(b) Use of Table 38. The maximum number of wires which

can be carried in compliance with these rules by sound chest-
nut, western red cedar, cypress and southern pine poles of
different ground-line circumferences and different spans for a
35 foot pole, is given in Table 38, according to the hazards in-

volved (A, B, or C).

The table may also be used for poles of greater height by
using the ground-line circumference, but reducing the allow-
able number of wires, in proportion to the increase in eleva-

tion of the point of application of the load.
A taper of 2 inches per 5 linear feet is assumed in Table

:Jlrely upon the ground-line circumferenc
e the most stressed section.

TAR

Tgl'%aﬁ&f%&%r%%ﬁg%’g NUﬂ(e}IBEl?fS OF NO, 4 SOLID
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e e LR L
82 1n.134 in. 126 in. 138 1. 10 10
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B 1 o o T e e B
# ! :
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| ! | 810 | 32 |
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i s | 2T ;| e | 85 g |
150 8 [ 3 | 18 [ 5p | 55 | Iw' &
3% Sl P lam g h 2| s
| -a Dzz_llm'wff’gg%

ues of average SPan is given in Table 39 for g i

for signal lines of
: ? grades A, < ;
signal lines of grades D ang ]? and C), and in Table 40 fo;
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| ; ; b. fl—lﬁfm R
— -—_.“!——-._ﬁ—-u_h [ 1b.
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TABLE 4—ALLOWABLE NUMBER OT NO, 8 (B. W, G.) BARE IRON WIRES TO BE
ORTED BY SIDE GUYB UZ(FD gﬁ,R:uEI;J‘US

CARRIED ON POLES SUPE
STRENGTHS UNDER VARIOUS CONDITIONS OF H
(Hee foregoing explanatory nofe.)

 the designated wites aflowed with speciiied

Numbel o i
numbers and strengths of side guys- TABLE 41—MINIMUM DIMENSIONS
Bizes specified in Orders Im%m‘ar%ﬂlggs-n L

| 1-10000|

¢ Hazard Span in : : :
1-4000 | 1-6000 | 1-10000) 1-16000] 2-10000 _1b. [ 2-16000
=l o e R T B
| | .
| | Minimum Cireumferen
e T e co of Poles*
For grad
' - hiee [
Length o Por grade D. Tuth WERs | [How i
5 Eéti’ola with more than |- (?Tdcr 1283a), not morg 3; m%%
4?0:&2;-1131 wiTes wiglla‘ ggfﬁetﬁé signal wires {-E?de,
ppgrder 12558) | 40 signal  than, | 12890, snd for
dforGrado 4| (order 128%) grade £ with not
upety nes ™| for grades | 'aal e ordr
Whos Tt 12852)
. oW | 1244¢) [
The blank spaces in the above tables indicate that more than Olrenmference | Circumference | Of
" . ; . : i reumferani
100 wires can be carried by the size and number of guys in Mrtep | ol A6 1t &:em
: S 35 m" | At top | ; 6 it.
question under the indicated conditions of hazard, and span butb 1m| pom (At top| -~ trom
. “ . : th
length, without exceeding one-half of the ultimate strength of 0 .. ke In, In. | In I -
: : Con : n.
the guys. Where the aumber of wires carried by a pole ex- e % = 2 2 o i
: o i : : ! & 5
; ceeds 80, it is good practice to install some of them in cable. 0 2T e - 2 ‘ 5 o @
i 15 = ° Zm o o 2
. £
d 1L — 24 48 | 40
M 4 MINIMUM POLE SIZES AND RECOMMENDED DEPTH OF hS —— 2lon ‘ z | & - # "
e e b e S :
} SETTINGS X 2 (3 2 | o 20 19
. ! w
5 S0 . ; : : - i - 22
i (a) Mnunum Poles Sizes. The dimensions of poles given in 80 FoAoIPN - 2 | - z | &
: . : ] e - 29 0 2 | 6
d to in Orders 1244-c w 5|05 | 2| ®
3 ?‘6 |
| | 2 I 76

43 are those referre
ed under the conditions of loading
specified by those orders. The dimensions are given for chest-
nut, western white cedar, red cedar, western cedar, Idaho ce-
dar, and eastern or northern white cedar poles. Where other

ese are used the dimensions required for any

poles than th
given grade of construction should be taken the same as poles.

having an equal ultimate fiber strength.

Tables 41, 42, and
and 1283-a and are requir

_*These pole dimensio:
réspectively. ot foloions correspond to specifieati

) g B cifleat
Telegraph Go., and ws:;;’;;a‘u,ﬁg'gtqemggng %sg::%?:tifﬁf Aot A B a0d O poles,
: D! i€ y ephone and
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TABLE 42-MINIMUM DIMENSIONS OF WESTEEN WHITE OEDAR, RED OEDAR,
WEBTERN CEDAR AND IDAHO CEDAR POLES
Bizes specifled In Orders 1244c and 1283-a,

W—
Minlmoum Ofﬁcumferenna of Poles*
Tor grade D
with 21 to 40 ¥
gignal wires For grade D, with
For grade D, (order 1283a), not more than 20
Length of Pole with more than for grade B, |signal wireg (order
in Feet 40 gipnal wires with more than | 1282a);, and for
(order 128%a) 40 signal wires |grade I with not
and for Grade A (order 1288a), | more than 40 sig-
supply lines snd for grades | nal wires order
(order 1244c) B and O supply 12888)
ljnais (order
Circumference Circum ference Cireurnference
At B ft. At 6 fh. l At 6 ft,
At top from | At top from | At top from
butt butt | butt
1n. In. In. . | In. In
i N Y 28 30 25 23 | 2 26
25 b 34 T 5 22 25
30 23 a7 25 | 84 2% 30
35 8 | ® % | % 22 2
40 28 43 o | a8 22 | 84
45 98 45 25 a0 | 36
1] 28 47 25 42 22 28
56 53 40 25 # | = 0
60 28 5% 25 48 22 41
&6 .. 285 54 25 8 | 2 | 43

*These pole dimensions correspond to epecifications for Class A, B and O poles,
respectively, of the National Electric Light Association, American 'Telephone and
Telegraph Co., and Western Union Telegraph Co.
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TABLE $3—MINIMUM DIMENS
IONS OF EASTE
o i RN OR NORTHERN WHITE CEDAR
©8 specified In Orders 1244¢ and 128%-m,

e P TS
Minlmum Circumference of Poles*

. ForgradeDp |

1 t_féjth 2]1 w&o 40 |

| a reg |
PN, | QA | She B
40 slgnal wires | with gu?reetﬁ:’m "ﬁ%?gamm (otr;];r

(order 1283y i i 3
Ml Gradg 2 ?J_osr nal wires |grade with not

Length of Pol
in Fest "

1283a) :
SUDDIY Hnes | and for 5 | D e & g
(order 12440) | B and ¢ 55:3%?; fiee W(!?gé‘gga)m‘d&r
es8 (order |
1244¢) |

| — —_—
Fal n | < |
Teumferenca | mlﬁmﬂf@l’&ﬁﬂe | Oiz‘eumfexenee

| At 6 £t. | :
At top | “hrem | A At 6 £t | | &t 6 ft.
[ Fes II & top | glotgu | At top ] irom
“———-I“—-—-—-I 1 I | | :
0 ] s (=
|I . | M [ I I| In.
s |2 ® [ | g
[ as [ e Taes | gy
| 2 [ @ | g7 |
| LA T | 28 | 88 &
=S s e || 18.75 || )
|
fiis, 208 2 17 T
|2 | = | w | BR| £
_________________________: | 7] | 29 | E—g i 18.75 [l 48
e T e e e e g
"These pole dimens; e T L
TESDECHIVELY, of thy Mot ORreEPONd to epemficaty
Tele : he National Elestr: 5 atlons for Clags A
elesraph Co., and Westers Unigﬁt_r’.ll%legga?ﬁi %?Oﬁazinn. Amer{einBT:lgghg}nepo;%sé
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(b) Recommended Depth of Setting of Poles. i

The values given in Table 44 are those recommended as the '

depths to which poles should be set under ordinary straight-
TABLE 45—DEPRECIATION OF WOOD POLES

fine conditions in firm soil or rocks. On corners or angles or : i e
heavy dead ends these values should be increased by at least 4
: ; 307 u Ground-line cireumf Minimum depreciated
6 inches. (See Orders 1217-d and 1283-a.) : Grenmiorence when ground-line circum: | Tadial dopeourion
- ference for ot 2l
PABLE 44—RECOMMENDED DEPTH OF SETTING OF POLES, ORDER 1285-A Grades Gados
i Aand B | Grade C | A and B | Grade O
In. i
Rock 24 h
Length of Pole in Feet Setting In Soil Betting 1o 2% In. In, = =
26 21.8 | 19.9 e 0.79
L R 2 2«3_._7 2:0'5 .60 B3
oot Feot s i e | Xi | B b
20 ... oe b 8 | b6 | . s
® 3 b5 e bt %.3 | " I = o
35 3. 4- MR R S 25?2 gg‘g | 58 .05
' - g 4 £ : 27.1 e R 9
ﬁ £ i " 2| B M ia
& i 7 E. 29.7 [ e P
& - | 8 8 ; 2.6 e 68 1.12
o 5 8 6 i LA 23.6 g o
75 8.5 6 32,5 294 2 118
1] i 9 6.5 82 | 3032 | 4l
' i | g | m | i
wE | s A | om
5. DEPRECIATION OF WOOD POLES ‘ el 83 | % ]
: SRR I BT L4
Where a pole is required to conform to a definite grade of h: Bl M } 8 | 1
construction, A, B, or C, it must be maintained by being re- e o | 2k 92| e
placed or reinforced in accordance with Order 1244-b, The R o | e
maximum allowable depreciation for grades A and B con- Se | amp | Lot
: v : T 4.8 2 . i
struction is one-third of the initial strength, and for grade C 5.4 e 1.08 1.67
. i 2 i 46.3 o 1.05 171
is one-half of the initial strength. Table 45 gives the minimum _ Lol L.o7 174
- - . . ) . | 42,
depreciated ground-line circumference and maximum allow- S s1 | e | L
- . * = ww e e v 44_5 " .
able radial depreciation for wood poles of initial ground-line 3 o35 | 3 11 | 18t
f - . : . - 0, 46,0 .
circumference from 24 to 75 inches, inclusive. These values L B e . Al W i 1.60
- . [ & : 8 1.19
are independent of the material of the pole. : & e i [ [ ire o T -
s = 54.2 99 1.28 2,00
; : ) & S 1 B : 1.2 2.03
Note: It is not advisable to use some kinds of poles without pre: & | 0.0 1.27 o0%
gervative butt treatment. . s = e o 1m 2.10
X 57.7 52,4 1.33 2.13
] ond 53.5 53.2 1.85 gg
1 we | s | | 28
. 60,3
I 61.2 E'g %-39 2.98
V 62.0 £6.4 e 2.5
: @ | wme | 1@ | 33
‘ e { 58.0 147 5.4
Erf 50.7 1.49
&5 | 85 | 18 ! oy
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PART 3.

Electrical Utilization Equipment.
SEGTION 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 equipment, operating at voltages above
25 volts, except where other voltage limitations are given,
where accessible to other than qualified electrical operators,
as in mills, factories, mercantile establishments, hotels,
theaters, and other public buildings, apartment houses, resi-
dences, etc.

Exception: Signal equipment connected to signal lines and radio

signalling apparatus is exempted, except from Section 139.

Note: (a) Im all wiring gpecial attention ghould be paid to the
execution of the work. Careful and neat running, con-
taping of conductors, and securing and attaching of
onducive to seeurity and efficiency, and are

mechanical
necting, soldering,
fittings, are specially ¢

strongly advised.
(b) In laying out an installation, except for constant-current sys-

tems, every reasonable effort should be made to secure distribution
centers located in easily accessible places, at which points fuses, circuit
breakers, and switches controlling the several pranch ecireuits 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.

(¢) The use of wire-ways for ren
nently accessible as recommended; an
cealed construction ig advised for general use.

Architects are urged when drawing plans and specifications to make
provision for the channeling and pockeling of buildings for electric
light or power wires and also for telephone, 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 Of inclosure which is
in charge of a qualified person and which is accessible only to

such persons, may be installed in conformity with the orders

dering concealed wiring permar
d this method of accessible con-

applying to Electrical Supply Stations (Part 1) and in that case
does not come under these orders. (See also Order 1101, Section

110, Part 1.)
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| SECTION 131, GENERAL PROTECTIVE ARRANGEMENTS
Order 1310. Guarding Live Parts.
(a) Equipment.

(1) All ungrounded curr i
o lec current-carrying parts of equipment =
;;;ng at Voltages higher than 100 volts to grouﬁdq slﬁallellle it
y guarded, if elevated less than 8 feet above ﬁoc;r or pl fs{f]t-
or if exposed to contact above that level TR,

Exﬂe ti . T
pLion: Ill locati ons “‘hel’e the]'e are 1o BXDUSGd gl'ﬂunded Bl
- -

f&ceﬂ Wlthlll reach of persons w!le]l t:;uc‘]u‘ng ”Ie Ilﬁ,lis 11]1[1(}]‘ congider-
=
&tion an Whe none of the con ons Ed ila 8 O
d e e t dlti ligt as za.rdou in rder

1312 exist, such
; parts operating at v
ground are exempted from this Orderﬂltages less than 150 wvolis to

Note: See Orders 1100-11
; -1199 and Order 1354- i
cat;.n; ir{;{nclosure accessible to gualified pe:sois_infl:'r Sl
3 j;iv here guards must at times be opened, thereby expos
aringeg Ii;}a:;zs,t;hey shall be of insulating material or so
ey cannot readily m i i
parts while being removed. S Bl
(3) Where persons i
8 must at times enter i il
: | ' nclosures wh
;l)esrts are alive the guards shall be of insulating materia‘; 5
(s4re$c>ved 4 feet horizentally from all live parts s
) Under the conditions of (2) and (3) above -'insulating

mats or platforms shal 2 ; 2
Bias s shall be provided in locations having grounded

Note: Switches and fus
es8, except on switchho
at any elevation. (See also orders 1350-h and ?;gfllr;mm sqier o

(b) Conductors. (For wires i
; ' ires in Elevator Sh:
Code Order 442) (See also Order 1357-e.) it oe Tl

(1) All conductors, not in i

. i cluded in (2), (3) and (4

;\;ben lilrought closer‘to floor or platform than 8 feeg )orb::ﬁw'
go;e to . mechanical injury above that level ,sh 11 gn

guarded by inclosure in conduit, armored cable or , ;1 :

ways. (See also Section 133.) : g e

Exception:
piion: (1) At small platforms erected subsequent to the instal

lation of the wiring or where metallic i

A : Sl _ conduit, armored cabl

P Othe};scileaessuhgect to ilf.pld deterioration from excessive ed:;?na;:;

boxlng; i an,aifan wiring may. be inclosed by substantial wooden

e s;;ace.; of one inch around the wires. Where box-

et cal wires for part of the distance only, top of b
closed, and wires shall pass through holes ims}[;e?l w;)txl;

appr ‘ 4
pproved non-absorptive, non-combustible insulating material,

{ ) i ey l ey
2 (4] l Cﬂﬂductﬂl ] and ]ightnlllg arrester 24} ound CG]lductﬂIS are
Bxempted from t’h 18 Or deI .
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(2) All conductors in schools, theaters, asserr(;blg bhalilr;s:
hotels, hospitals and public garages shall be gug;- e . n);eta]
closure in rigid or flexible conc:’luxt, armorec} 03132 0
raceways. (See also Order 1357-i—2 and Section i

Exception: Wiring for lighting purp'osés, except ;ightning a.rrc:stecr
grosndpcon(iuctors, in schools and assembly ]:;all:t.r:jtn frame consiry
1 .
i f concealed knob and tube consirn :
twlg, tr:f ! (blE; ('Jl‘he Building Code defines assembly halls as incluﬁn;i
11 guil.dings or parts of buildings not included under th‘ea.ters 2; s]?[ip
?00 or more persons assemble for entertainment, instruction, w

ini oges. o
3 (g;nglgpupblgf garage is defined by the Code to include every building

which accommodates more than two motor-driv'en vehicles. o =
(3) Conductors operating at vo}tag&s hlgl.ler tha; ?;t i;oau
to ground shall be guarded by mclosure‘ in (1:2151721),
buildings and at all elevations. (See also Order ; o
(4) Bus-bars and other open bare ungrounded cos I::hich
operating at voltagesgl;igherbthanﬂii(‘) ;‘o;:;; ?-‘1'%::j riozﬂaﬁ Ve
‘ed less than 8 feet above ;
gjszile;?;:rmanent guards. (See also Order 1310-a-1 and Order

1358-b.)

¢) Separation and Barriers. . |

](i"a)re p':rts at different potentials she?.ll be eﬂ“ecfwely sepa;'f;::&
Such parts in circuits of large capa(:lt}.r or “‘r‘mch are 1c;p . %
at more than 300 volts shall, unless prov;ded.m.th the 1:}2 Oi;tabje
other guard specified in (a) above, I?e provided }\;\u : ?mugted
barriers, if otherwise they would be liable to be short-ci

by tools or other conducting objects.

-Order 1311. Working Space About Electrical Equipment.

(2) General. Suitable working space sha%l be provided and
maintained about all electrical utilization equipment. :
(b) Minimum Dimensions. The working spaces shall have
i 1 i i follows:
minimum horizontal dimensions as 4
(1) Equipment, operating above 150 volts to ground if on

i e
sne side of working space, and no live or grounded parts on the =

sther, 2.5 feet; if on both sides, 4 feet.

(2) Equipment, operating below 150 volts to ground, if OI;
sne side of working space and no live or grounded parts on |

the other, 1.5 feet; if on both sides, 2.5 feet.

ELECTRICAL CODE—ORDER 1312 173

(¢) Working Space Used as Passageway.

Electrical utilization equipment shall not be placed adjacent
to passageways or aisles, unless sufficiently removed there-
from that the above minimum working space dimensions may
be maintained without encroaching on the passageway or aisles.

Order 1312, Hazardous Locations.
(a) In Damp Places.

(1) Current-carrying parts subject to moisture or corrosive
vapors shall be inclosed in weatherproof cases.

(2) External parts of lighting fixtures, sockets or portable
appliances when within 8 feet of the floor in damp locations,
such as basements, foundries, laundries, bathrooms, kitchens,
or when within 8 feet vertically and 5 feet horizontally in any
location where persons may easily touch or stand upon
grounded surfaces at the same time as they touch the equip-
ment, shall be constructed of non-combustible non-absorbent
insulating materials, if such external parts are not permanently
and effectively grounded as required by Order 1313-c. (See
also Order 1360-c-1.)

(3) When installed at floor, outlets, attachment plug

receptacles, etc., shall be inclosed in a moisture-proof outlet
box.

(b) Where Explosives and Inflommables Exist. In loca-
tions where explosives, inflammable gas, or inflammable fly-
ings normally exist in dangerous quantities, there shall be no
exposed live parts. For enclosing live parts one or more of
the following methods of protection shall be employed as may
be required. (See also Order 1346-i.)

(1) When equipment is near inflammable material or when
inflammable dust or flyings are present, casings of the inclosed
type shall be used. All lamps shall be equipped with a vapor-

tight globe and portable lamps with a substantial guard in addi-
tion.

(2) When equipment is located where explosive or in-
flammable vapors or gases exist in dangerous quantities, cas-
ings of the explosion-proof type shall be used ; sockets and in-
candescent lamps shall be inclosed in vapor-tight globes, rigidly
supported and wired with rubber-covered wire soldered directly
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to the circuit. Portable lamps shall not‘be used. _All ﬁttin’gil m;ld
outlets shall be electrically and mechanically continuous wit t e
conduit, and the conduit and fittings shall be sealed by effective
means to prevent entrance of gases.

Order 1313. Grounding.

Grounding in accordance with methods set fcirth in.S.ectfon
103 of Introductory Part is required for electrical utilization
installations as follows:

irect-Current Systems. _

E?; ggrge:ywire direc::—current systems operating at voltages
less than 300 volts to ground shall always be grolunded. Sy
.(2) Two-wire direct-current systems operating at vo atge
less than 300 volts to ground shall be grognded when the system

is exposed to crosses from high-voltage lines.

nating-Current Systems.

(b) Alternating-Curren S .

(1) All secondary distribution systems operating at voltages
less than 750 volts to ground shall be grounded. :

Exception: Eleetrical furnace eircuits are exempted from ground-
ing requirements. : : ‘ . :

(2) Secondary distribution systems supplying lighting sgvcice
shall be grounded at each service entrance. (See also Order
1031-b.) . =

Note: A common ground for the cireuit and servz?e conduit wllllga
permitt.ed if gréund connection iz made to water piping on street side
of the water meter. (See also Order 1033.)

(¢) Noncurrent-Carrying Metal Parts, e

All exposed noncurrent-carrying metal parts of equ};pm{l |
operating at voltages above 100 volts to ground shall be bonde
together and permanently and effectively ground.ed. 2

HExceptions: ‘Grounding is not reguired for the following Equ:pme(?;.l

: i i i e there are no exposed groun

1) All egquipment in locations where e ‘ :
sm{‘f;ces within the reach of persons when touching t[111e palltsaugglig
' : i 1 p the conditions listed as hazar i

ideration and where none of :
?;nosrder 1312 exist, and provided the voltage at which the eguipment
: i Siiid:
rates Is less than 150 volts to groun - k e

UD?;;:I All equipment accesgible only to gualified peljsona, pruvxdeti lf: _12.
effectively insulated from ground, provided insulating mats, platfor mo g
or ﬂoar.s are present, on which qualified persons may stand, and px

vided there are no exposed grounded surfaces wit‘hip reach cfh:a,;i; R
qualified persomns, at such times ag said qualified persons may

contact with any live part.
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(3) Cases of toy and bell-ringing trangformers,
ating at less than 750 volts to ground, portable
appliances such ag toasters,

cases of meters opey-
lamps and household
percolators, vacuum cleaners, ete, cases

vely to supply current 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,

Note: (1) This order includes all such
cranes, ears, and switchboards, cases of transformers and switches,
conduits, external metal parts of lighting fixtures, ete.

(2) The permanent grounding of frames of portable deviceg (espe-
clally in connection with voltages ahove 100 to ground, when the de-
vices are used within 8 feet of the floor in locations such ag bathrooms,

laundries, ete,, where persong may easily touch grounded surfaces at
the game time as the device) may bhe obt

parts as frames of motors,

Order 1314, Identification,

All electrical utilization equipment shall be suitably marked

to indicate, the voltage, capacity, intended use and other essen-
tials for safe operation,

SECTION 132, SERVICE ENTRANCE-—ING‘LUDING SWITCH,
FUSES, METER, CHARACTER OF SERVICE AND
PROTECTIVE DEVICES

Order 1320, Multiple Services,

(For Theater Services see
Order 1371.)

(a) Separate Service to BEach Building., Each building shall
have a separate service.

Exception: When thig 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 vard wires, )

Note: Industrial Lighting Code also call

s for two services for fac-
tories, mills, offices and other work places.

(b) More than One Service to Building. Where two services
enter the same building, they shall be within three feet of each

* other.

lxception:

Where thig is impracticable means shall be provided for
disconnecting

all services at one readily accessible point,
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Order 1321. Construction Requirements for Overhead Service
Wires.

(a) Owerhead Wires. e
(1) Service wires shall be so placed that moisture cannot
i sen them,
m a cross connection between .
{OF(Z) Service wires shall be kept clear of awnings, branches
ees, or other objects. et
- (t?:) Where service wires are attached to building they shall

be supported by insulators of prope:: typ‘e for OUtSIiE{):S‘:;ltS)
Note: Where extra high voltage gervice wires (?ib(;f;ees Gt 1
enter a building, the orders for Stations (Part I) an n
shall be complied with, (See also order 1325.)
trance Wires.
E]I); g:rvice wires, operating at less t.han 750 volts,t shall Gt:;:
enclosed in continuous rigid metal conduit from the first supp

ildi ' i i ses.
on the outside of the building to the m}it:rg iizvclttlc;hl :LEdthfeu;Z b
seption: Where service can be broug : AHe ik
theE}r{E:ipn serviece cabinet, porcelain tubes slanting upward to the inside

be uged. 2 a y
ma{?.) Conduit fittings equipped with non-combustible, non

: e
absorptive insulating covers, with separate h?le for eal;:h W'iirnt
slanting upward to the inside, shall be provided at the po
of entrance of service wires.

(3) Entrance wires shall be so arranged as to prevent the
entrance of water to the building. , ' :

(¢) Insulating Covering of Wires. Service wires, ope.fatmg%'
at less than 750 volts, between the first support on the outt)zlde i?l-
the building and the main service cabinet shall ha.ure a n; gr -
sulating cover; from the first support on the outside of t e lut1i
ing to the supply line, they shall have a weatherproof insulating
covering, except when run in conduit,

Order 1322. Construction Requirements for Underground
Service Wires. -

(a) Protection of Service Wires. Underground wires sl.mlll
be insulated and protected against moisture and mechan.iziae
injury where brought into a building, and. :.111' combusti
material shall be kept from the immediate vicinity. !

(b) Sealing Service Tubes Against Gas. Where ar]; un-hl::[-}
ground service enters a building through tubes, the tubes s
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be tightly closed at outlets with asphaltum or other non-

conductor, to prevent gases from entering the building
through such channels. :

Note: Where extra high voltage service wires (above 2500 volts)

enter a building, the orders for Stations (Part I) shall be complied
with. (See also order 1325.)

Order 1323. Connection to Street Series Circuits and Trolley
Systems,

(a) Constant-Current Systems.  Constant-current systems
shall not be run into buildings to supply utilization equipment.

(b) Trolley S Ystems. Trolley circuits baving a ground return
shall not be run into buildings to supply utilization equipment,

Exception: (1) Railway cars, car houses, passenger and freight
stations connected Wwith the operation of electrie railway systems are
exempted from this order,

(2) Circuits for power equipment in buildings of s0-called fireproof
construction, and for light and power equipment in isolated buildings

used in the operation of quarries and similar places are exempted from
this order.

Order 1324, Switches, Fuses and Circuit Breakers. (See also
Orders 1350 and 1351.)

(a) Main Switch and Fuses Required. There shall be 3 main

switch and fuses at the nearest readily accessible point of the
basement or first floor where the service wires (either overhead
or underground) enter the building,

(b) Must Cur Off all Wiring. The switch shall be arranged
to cut off all wiring and equipment connected to the service
wires and the fuses shall protect all ungrounded service wires.

Exception: (1) Where the service switch, service fuses and meter
are combined in a, self-contained device, or compact combination of
such devices, having no exposed wiring or live barts and having all
other parts protected by fuses, potential coilg may be connected on the
Supply side of the service fuses, and the switch need not be arranged
to disconnect the fuses or meter from the supply line,

(2) Yard wires of private plants supplying more than one building
1oL on opposite sides of the highway are not congidered as service
Wires, so that fuses would not be required in each building, if there

are other cut-outs, which afford proper protection, conveniently located
. 0n.the maing.

_ (3) Service switches employing a disconnecting strap, in lieu of a

SWitch blade in the grounded mneutral conductor of three-wire services
12




- b) Continuit Reaming ang ; :
; iteh ecabinet ig locked or sealed | (b) & g and S upporting of ¢, ondait,
ay be used, provided the service Bj‘;‘;ﬁed ey I -
Snff inaccessible to other than qu?'l\;m?nts gee Order 1371 I Hnuous from outlet to oy
Note: For theater service requireme ,le coiiiches ghall fot be : | or cabinets.
X v 4 %) |
(c) Single Pole Switches. Single p l @ c
rvice switches. d cireuits of ' ‘ d
w ast.s.e This order does not apply to the grounde
Exception:
street railway systems.

- " ( ; IKII EIbOWS or
ey 588 y ng w O T er (}f ] ¥ 1 -
(a enerk.

(1) Conduits shal be electricall

the curve of the inner edge
ly, service wires opetrating at A of any elbo\iv shall not be less than 374 inches.
this section in so far as they apply, S. h these additional re- (2) Interior conduit shall have not more than the equivalent
f 750-2500 volts shall comply wit i ; W offour quarter bends from outlet to outlet.
rom = a3 : B
e e e A vo}_tsgi E B (j) :)?Ewiz;;%e of Conduit in Dawmp Places.
igh voltage ‘ ie g condui i
Note: wllr[x;arz e:tt:u;‘aofégﬂ for Stations (Part 1) shall be comp 3 shall be pro

enter a building,
with,

In damp places
vided with suitable means for draining off

are lead-sheath-

. : ires prefer-
Entrance Wires. High-potential ser\:ilcelz) u;m;ssﬂf i
bi:JShc:uld enter the building und?gl:or: tile cabinet or en-
ab S directly in ;
: ice conduit shall pass di atic protective
the Servi&ntaining the main switch and auffrl;lrit;‘i gwi-tchesl'-- :
clos.m‘e fuses, circuit-breakers, automatic ot ioto s
doviees | .V,Vhere the service can be brought directly in '
Exception:

s the conductors contained
ed cable. :

(e) Completion of Work.
(1) Interior conduits shall be ins

duit system before the conductors ar

talled as a complete con-
(2) Wires shall

e drawn in,
not be drawn in g

- ntil al] construction on
ting wp W that portion of the building has been completed,
i rvice cabinet, proper insulating bushings slanting up- ', " (f) Sy Fﬁ_tﬁng& ‘
. t:-;et;ﬂ ?1112 isxfside m.a.y be used. )
ward &

(c) Oil Service Switch and Désconﬂectarlsi. wametsed type 10
(1) The service switch shall be of the oil 1 e
i be disconnec
: arranged that it can . ! g
s;halll' b:sst{)) meangs. of disconnectors or disconn:;:;m;igl I;mmer_s
ply2m 1f tﬂe service switch is of the auttorxtraue(i e
& o fuses or circuit-breakers need be insta /
type n E
of switch.

(1) All conduits shall be equipped at every outlet with an
- approved outlet box, plate,

or other suitable conduit fitting, Qg

2 tting having Separately bushed holes for

. . sumrace RacEWAYS IR - €ach wire shal] pe used. (See aIs‘o Order 1343-1-2.)

SECTION 133. CONDUIT, METgABLE _ t openings in junction and outlet
ARMORED » conduit, etc., shall pe effectively closed

: (3) All unused outle
i d Concealed Knob an R metal which wil]
(For Open Wiring an Order 1345,)

: i igid Metal Pipe)
Order 1330. Installation of Conduit. (Rigid Me
(See also Orders 1310-b and 1342.)

i i ller than on
(a) Minimum Size of Conduit, Condzlt smalle
inch electrical trade size shall not be used.

(g) Placing Outlets for
(1) For concealed work in walls and ceilings composed of
€r on wooden joist or

stud construction, outlet boxes or
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plates and also cabinets shall be so installed that the front

edge will not be more than 4 inch back of the finished sur-
face of the plaster, and if this surface is broken or incomplete

it shall be repaired so that it will not show any gaps or open
spaces around the edges of the outlet box or plate or of the
cabinet.

(2) On wooden walls or ceilings outlet boxes or plates and
cabinets shall be so installed that the front edge will be flush
with the finished surface or project therefrom.

(3) Outlet boxes, junction boxes and plates shall be se-

curely supported.

(h) Protection of Wires at Outlets.
they enter junction boxes, outlet boxes or wherever else they

may terminate, shall be provided with proper terminal fittings,
bushings or fastening plates fitted so as to protect wire from
abrasion, except when such protection is obtained by the use
of approved nipples, properly fitted in boxes or devices, or by
the junction or outlet boxes themselves.

(i) Accessibility of Cabinets and Junction Bowes.
and junction boxes shall always be installed in such a man-
ner as to be accessible. (See also Order 1353.)

Order 1331. Capacity of Conduits. (See also Order 1342.)
(a) Number of Wires Permitted. Wires installed in conduits

shall conform to Tables 1 and 2,

Metal conduits where

Cabinets

TABLE 1

= e
sl e
=l e T

Number of gop .
Bize of Conductor A. w. g aductors Permitted in One Condunit
sl L A e SR R T e
Mliinnt $hs of Goir e 1

- =
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0000 ¢ 11;;I§%|222§Ig |8 | oy 5| )
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e R R
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560, ; 13 | | | 8% | 4 | %] &
m,%ﬁ_:ﬁ """" 1%«%!3 |8 | 88| & | G| B) 5 | 8
%.Uﬂﬂc.m: Ilré||3 | g%.' g“’:* 4%il5%|g |g
T & B A ENE R R
750,000 ¢, m. 2 J1g 3 |4§’é|‘5‘ | 8 I
800,000 ¢. m| 2 31,§|3;’§ 4%'5|5|6|6 ¢
4 f | U
ggg,&'ggc.m. g 3}5[4 I;;’g’:g |g | & ||ﬁ fs2oss
950,000 o 2 z |84 | 8|5 g |§& |9 -
1,000,000 6. 1 | g®| 8 [€.1g |8
11100000 ¢. ] 2 4 falg (2 |o le
+<00,000 e, m, BE| 4 | gyl a N B
1,250,000 ¢, m, 7ig | 415 4%| e
R e — 2 | af | off | s
l.m.mﬂn.m, o 4%'5[ (R R T L R
%-ggg,ﬂmc.m_ 2 | 4ip | 5| g
1:800,000 ¢. m, Ze| 4| 5
L el
¥ 3 » I
1,800,000 ¢, .l 7I e £ |5 |2
z,mo,ome.m‘ 3 |5 | &
2000,000 ¢, m glg | &
..... g |

Note: For 19
] A W. G or
by the aboy » X Or less one more cong ;
e table may pe installed in the speciﬁuefitﬂ;o;gil‘lt s
1L, provided

outlets not being counted




} SIN
182 INDUSTRIAL COMMISSION OF WISCON

TABLE 2 e ISR

e
______.—--—-—-—'_._.'——‘-——‘_'_"-—-—“—-_'_"_'_-_-_._-_-v Size of Condult

Electrical Trade
fizes of Wires—A. W. G. Siied

Size—Ineh
e e el T
| %
B 5 i i et e R &
14 and one No. A R :
'é@'?.' 32 and one No. g - :
two 10 and one No. et 2
two 8 and one No. g 112
two 6 and one No. Ao I
two 5 and one No. Lo 122
two 4 gnd one No. - i
two g and one No. o i
two % and one NoO. = i
two 1 and one No. mmm = .
two 0 and one B o 7
two 00 and one e s z
two 000 and one gm e :
two 0000 and one gl :
two 250,000 and one 800'000 s 5
two 500,000 and one il :
two 400,000 snd one it gt i
two 500,000 and one 1‘500’!)00 g i
two 600,000 and one 1,750,000 8 %
fwo 00,000 and one L760,000 .
fwo 800,000 and one 2/000,

\

Note: These ta])leﬂ allpk}‘ o l? to com lets Condul BYSs ems a
3 n omp 1 1 1 nd do
nof a‘ ppl}' to Short lengths of Coﬂdult f@[ the protﬁctlon of e!{p{}sed
. .
wiring from Inet-ha;nlca,l m]uI‘V. (SEG also ADP {} )

i i e of
b) Number of Circuits Permitted. Excep.t in t};ffi cc,azﬂgne
stzfgepockets border circuits, and cuts1dte .ssgnrii ri el
, it shall not contain
ighti the same conduit shall not s
hghtmigr:a or three three-wire circuits of the same system,
two-w : ; ;
shall never contain circuits of different systems

ibl
Order 1332 Installation of Armored Cables and Flexible
e :
: Conduit. (See also Order 1342.) : e
‘a) Compliance with Other Orders. Inst:?,llatl?ln o it
é?)s a:;d flexible conduit shall comply with the gt; e
£y ements for conduits in so far as they apply and to
quire
tional requirements: L5 )
wn;‘ qu'p Locations. In damp placfes or when ldxcie:;l zzv-
S f;.dred cable or flexible conduit shall ‘have ad =
C"‘_ﬂe» ;{aced between the outer braid of the wires an
ering
: bl
anzm)r Bends. All bends shall be so made that armored cable
¢) Bends. L
or flexible conduit will not be injured.

ee also
Order 1333. Installation of Surface Metal Raceways. (See
T - |
Order 1342.) 3
(a) Location. Metal raceways may be used only for
face wiring in dry locations.

ELECTRICAL CODE—ORDER 1340 183

(b) Comtinuity. Metal raceways shall be continuous from

outlet to outlet, to junction boxes, or approved fittings designed
especially for use with metal raceways, and shall at all out-

lets be provided with approved terminal fittings which will
protect the insulation of wires from abrasion, unless such pro-
tection is afforded by the construction of the boxes or fittings.

(¢) Where Passing Through Floors or Partitions.

(1) Where metal raceways pass through a floor, they shall

be carried through an iron pipe, extending from the ceiling
below to a point five feet above the floor.
Note: Thiz 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 ig
adequate this ruling may be modified to require the protecting piping

from the ceiling below to a point at least three inches above the floor-
ing.

(2) Where metal raceways pass through a partition, they
shall be carried through an iron pipe extending three inches
beyond the partition on each side.

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 screws or bolts placed

within the raceways shall be flush with the metal.

(¢) Number of Circuits. Not more than four No. 14 A. W.
G. rubber-covered wires, and no single circuit of more than

1320 watts shall be used in a metal raceway.

SECTION 134. INSTALLATION AND PROTEGTION OF WIRES
FOR LIGHTING AND POWER SERVICE BELOW 760 VOLTS

(Signal wires and radio signalling apparatus are covered sep-
arately in Section 139.)

Order 1340. General,
(a) Identification of Wires,

(1) The grounded wire of all lighting circuits and all equip-
ment ground wires shall have an identifying covering, readily dis-

- tinguishing such grounded wires from other wires,

Exception: Such grounded conductors of existing installations may
be identified by another effective method, such as by means of tags.
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(2) Such identified grounded wires of branch circuits
shall be run without transposition throughout the entire instal-
lation and properly connected at all fittings to properly identi-
fied terminals in order to preserve continuity. (See also Order
1360-d-3).

Note: It is recommended that wire with uncolored cotton outer
braid be universally adopted as the grounded wire.

(b) Bare Wires. (See also Order 1358-b-5 to 10.)

(1) Bare conductors shall be used only for switchboard,
panelboard, or storage battery connections; or for electrolytic
and low voltage welding circuits, and similar connections; or
for trolley wires, third rails, crane runway wires, and other con-
tact conductors and parts.

(2) Such bare conductors shall be fixed at adequate separa-
tions by the use of suitable supports.

(3) Except at the point where a permanent ground connec-
tion is made, such conductors within buildings shall be kept in-
sulated from the ground.

(¢) Twin Wires. Twin wires shall not be used except in
conduits, armored cable, metal raceways, or flexible cords.

(d) Avoidance of Ewcessive Inductance. The two or more
wires of an alternating-current circuit, 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 circuit.

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
mechanically and electrically secure without solder. The joints
shall then be soldered, unless made with some form of approv-
ed splicing device, and then covered with an insulation equal
to that on the wires.

Note: Rubber tape of proper thickness covered with adhesive tape

is what is ordinarily used.
(2) Stranded wires shall be soldered before being fastened
under clamps or binding screws, and whether stranded or solid,
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h
when No. 8 A, W. G. or larger they shall be soldered into lugs

for all termi .
*rminal connections. e :
! » €xcept where an a
less terminal connector is used TR SC o0l

(f) Rheostas Connections,
(1) Wherever insulated wire

tween resi ' i
? eenhres:stors and the contact device of g rheostat, the insula
1on shall be non-combustible or slow-burning , .

2) F 3
Coéticfgr I.arge rheostats and similar resistances where the
o t?wces are not mounted upon them, the connectin
aving slow burning insulation may be so arranged j;g;

18 used for connections he-

(\?r}ll;::l?co;r?ri or where it is necessary to protect them from tme-
tUbingamJlgjull'y, e;c'h group of wires may be encased in flexible
14 placed in conduit, the flexible tubi
. > tubing t
least one inch beyond the end of the conduit SRS

Order 1343,
Required,

(a) General Table.

:I‘he following table (Table 3)
fying capacity of copper wires a
cent a?onductivity, according to
f&mertcan Institute of Electrical
in placing wires:

Carrying Capacities of Wires and Sizes of Wires

. showing the allowable car-
nd cables of ninety-eight per
the standard adopted by the
Engineers, shall pe followed
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TABLE 3—-ALLOWABLE CARRYING OAPACITIES OF WIRES

|
Oolumn B
Column A | Varnished | Column O
A, W. Q. Dismeter Ares In Rubber Oloth Other
Number of Solid Wire| Oircular Insulation | Insulation | Insulation

in Mils. Mils. Amperes Armperes Amperes

40.8 1,624 8 5

50.8 2,583 i 10

64.1 4,107 15 20

50.8 6,530 20 25

101.9 10,880 25 80

128.6 16,610 35 B0

162.0 250 50 &0 i1l

181.9 23,100 6 65 0

204.3 41,740 0 8 20

220.4 b2,630 80 95 100

257.6 86,370 90 110 126

280.3 83,650 100 120 150

825.0 105,500 125 1560 200

364.8 183,100 150 180 226

409.6 167,800 175 210 275

200,000 200 240 300

211,600 225 270 525

250,000 250 200 250

______________ 300,000 215 | 880 400

380,000 00 | 360 460

......... 400,000 426 | as0 500
ez EDO, 000 400 480 600

600,000 450 0 680

700,000 500 800 60

800,000 650 GO0 840

900, 000 600 T20 020

1,000,000 650 780 1,000

1,100,000 680 830 1,080

sk 1,200,000 730 B8R0 1,150

1,800,000 it 920 1,220

1,400,000 810 970 1,280

_____ 1,500,000 850 1,020 1,360
s 1,600,000 800 70 1,430
_____ Sy 1,700,000 930 1,120 1,450
i 1,800,000 970 1,160 1,550

| 1,800,000 1,010 1,210 1,610

=ty E 2,000,000 1,050 1,260 1,670

Note: For insulated aluminum wire the safe carrying capacity is

eighty-four per cent of that given in these tables for copper wire with
the same kind of insulation.

(b) Minimum Size of Branch Circuit 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 below and

order 1346-c). (For maximum connected load permitted on

branch circuits see Order 1352-b.)

Note: Where wire gizes in these rules are specified it shall
understood that copper wire is referred to. If wire of other material i :
used, it shall have a carrying capacily equivalent to copper of the
size gpecified.

(¢) Alternating Current Motor Circuits. (See also Table 3
above and Order 1352-a.)

(1) Conductors supplying current to one motor shall be
sufficient size to safely carry the starting current of the motor

:I"‘ﬁunway wires shall be |
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but in no cage shall i
: the capacity be less th: 3
current rating of the motor. Where the E;Jr:‘alnlctl): e

o / circuit i -
ed by fuses, the rated capacity of the tuses shall not Sx(iﬁl

at part of the circuit leading from the
Crcuit breaker to the motor, are con-
in the Protection afforded by 5:1(:}1 motor
ve device, even though such protective

(e) T ;
) Trolley Wipps. Trolley or collector wires including crane

arge enough to safely carry the current to
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be carried and to stand the strain put upon them when in use.
See also Order 1358-b-9.) ' : :

( (f) Size of Neutral. In three-wire direct current orfsin%;e
phase alternating-current systems the neutral shallh]?eho_tb::lay
cient capacity to carry the maximum current to which 1

be subjected.
(g) Fixture Wire. Fixture wires shall not be smaller than
No. 18 A. W, G. (See also Order 1346 and 1360-a). s
(-h). Flexible Cords. FEach conductor shall not be less
No. 18 A. W. G. (See also Order 1346).

Order 1342. Wiring in Conduit Raceways and Armored Cable.

(For service entrances see Orders 1320 to 1325 inclusive.)
See also Order 1310-b.) : v :
Ea?eC onduit Wiring. (See also Orders 1330, 135;31‘ -nffi ii?:tié
i It wires shall have rubbis in i
(1) For conduit wor Gl
i that where e
erings, for all purposes, exce.pt : ;
‘t:::lperag.-tures are present slow-burning insulaton shall 'be uset;i
Exception: Varnislied cloth insulation may be used in permanently
dry locationg for wires of No. 6 A, W. G. or. larger. ' o
(2) Within conduit wires shall be without splices or tap .f !
(3) For conduit work, wires shall be double-bra:d;,d 0”
twin, twisted pair or multiple-conductor cables and for a
ngte i . and larger.
1 res of No.6 A. W. G. an : g
Sm(g4)e v\‘;here conduit is used to protect wires or;1 cﬁ- gassiir:lg
i insulation of each wire shall be rein-
through side walls, the insu . . el
ra i bing extending from: the :
forced by approved flexible tu Sl
i lator next above the co A
tor next below the conduit to insu ; s
it is i i dance with Orders
less the conduit is installed in accor :
:2(;33:331 and the wire is approved for conduit use. (See also
Jrder 1343-1 and 1.) s
Support of Vertical Conduit Wiring. "
E?)) \;;ﬁis in fertical conduit risers shall be supPorted with
in the conduit system in accordance with tl?e following : e,
No. 14-A. W. G. to 0-A. W. G. inclusive every 100 feet.

i ive 80 feet.
-A. W. G. to 0000-A. W. G, mclusnfe, every
ﬁg.m?f 0%001;. 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.
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(2) Any of the following methods of support shall be used :

I Approved clamping devices constructed of or e
wedges inserted in the ends of conduits.

IL. Junction hoxes With covers inserted in the
the required intervals, in which insulating
are installed and secured in g satisfactory
the weight of the Wires attached thereto,

IIL. Junction boxes with covers in which wires are supported on
two or more insulating supports 50 placed that the conductors will he

deflected at an angle of not lesg than 90 degrees, and carried a distance
of not less than twice the diameter of the wire

mploying ingulating

conduit system at
supports of approved type
manner 80 as to withstand

(¢) Wires Entering Cabinets. Wires of No, 2 A. W. G. or
larger shall not be deflected where they enter or leaye cabinets,
except in wiring gutters. (See also Order 1353.)

(d) Surface-Ws'n’ng M etal-Raceways, (See also Order 1333.)

i insulating coverings, with at
least one braid for wires smaller than No. 6 A, W. G, and two
i » L. and larger and for twin wires.

(2) Wires shall be in continuous lengths from outlet to out-
let, or from fitting to fitting with no joints or taps in the race-
way.

(3) Where branch taps are necessary in wiring raceways,
proper fittings for the purpose shall be used.

(4) Wires shall never be placed in metal raceways in damp
locations_, in concealed locations, or where the difference of po-
tential 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 cords of the specified
types, and construction.

Order 1343. Open Wiring and Concealed Knob and Tube
Work. (For Crane Collector Wires see Order 1358, for
Trolley Wires see Order 1345.)

(a) Insulation of Wiyes.

(1) Wires for open work in dry places shall have rubber,
slow-burning weatherproof, varnished cloth or slow-burning,
insulating coverings, When especially subject to acid fumes
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.or corrosive vapors, either slow-burning weatherproof, var-

nished cloth or rubber insulating coverings shall be used.

(2) Wires for concealed work or in damp places shall have
rubber insulating covering which shall be double braided for wires
No. 6 A. W. G. and larger.

(b) Wires in Plaster, etc. Wires shall not be laid directly in
plaster, cement or similar materials.

(c) Wires in Attic. Wires in unfinished attics or roof spaces
shall 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 non-combustible
non-absorptive insulators, which will separate wires from each
other and from the surface wired over in accordance with the

following table:

Distancs Between Wires

Voltage Distance From Burface
0-800 | In dry placed ; 1 Inch o inches
¢-300 | In damp places or wherd subject to
COTTOBIVE VADOTS ——ommmimrmmmmmmmmsnm L ineh 2t inches
B00-T50 Llinchll 4 Inches

(2) Where wiring over flat surfaces, wires shall be support-
ed at least every four and one-half feet. If the wires are liable
to be disturbed, the distance between supports shall be short-
ened. In buildings of mill and similar construction, 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 tim-

ber only, but the maximum span shall not exceed 8 feet.

’ (3) Wires for open work dead-ended at a rosette, socket or

receptacle shall have a suppor
saime.

(4) Wires crossing overhead flo
they may be exposed to injury, sh
sulating supports to the under si
less than one-half inch in thickness, an

Note: Instead of such wooden strips,

than seven-eighths inch thick may be us
but not closer than one inch, and of sufficient depth to

protection,
(5) In large interiors where it is adv

through space; unsupported except at ends,
tions shall be observed:

or timbers in rooms where
all be attached by their in-
de of a wooden strip not
d six inches in width.

t within twelve inches of the

guard strips of wood not less
ed on each side close to wire,
provide guitable

antageous to run wires
the following condi= =
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. ] e
I “‘.‘IIB must be ]e&'ateﬂ a f
t Ie&st 16 feet and not SubJQCt to

II. Spans must not exc
eed 75 fest f i
feet for No. 6 A, W. G. or larger wire. (S

;g X;‘g_ires ghall not be smaller than No. 8 A, W. & wi
f § : : . ! .
k ires shall be supported at ends by strain insulaiz;s

(e) Support of Wires in Concealed Work.

m}r(1 Ic)oni'glrefhlfor concealed work shall be rigidly supported on
- ustible, non-absorptive insulator i
e rs which are not more
s our' and one-half feet apart, and which remove the wire at

J one ?nch from the surface wired over

Ignie W;i"es shall be kept at least five inches apart

< iz strongl i -

T Bly recommended that wires be run on separate

(3) Split knobs may b : _
stmailer only, y be used for wires of No. 10 A, W. G. and

(f) Tying of Wires.
Sh illl)b:t::jrjyl\i?é f :;: 'W; G. _o;‘l larger used with solid knobs
L ereto with wires which h ni
tion of the same type as that of the wires tied PR

(2) Tie wire shall be :
» of same size as wi :
it need not exceed No. 6 A. W. G. in size s

3 e(g) Fastening o;f Kwnobs and Cleats. Knobs or cleats. which
barg;’;agfii;lo g;rxp thedwire, shall be fastened by scr;:ws or
ent coated nails with leather h o
are used, they shall penetrate th s
e wood for a di
one-half the depth of the knob or cleat. odain

(h) Flexible Tubing.

pla(izs \E;lr:s at d:stnbut_ing: centers, meters, switches, or other
et :ebspace. :s_hmlted and the proper separation of
Iy encaSEdcinn e maz_ntamed, or when fished shall be separate-
e atlocantmuous length of flexible tubing, extending
L fuppf)rt. (See also 1-1 below).
Sha(m - z:Ot o::t(;zts in concealed knob-and-tube work, wires
Ek e lhe i s e s
tive insulating support to at leastn EE:?::;:“;:;éidn‘zﬂ'abs':?“
(3) In the case of combination gas and electric out?efsu tit

d 0k 1 h e
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(4) Wires may be fished only in places where suitable in-
spection can be made to assure that the work is in compliance

with this code.

(i) 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
porcelain or glass, except at outlets where approved flexible tubing
is required. (See h-2 above.) Such bushings shall be long
enotigh to bush the entire length of the hole in one continuous
piece. (See also Order 1342-a-4.)

(2) Wires for concealed work shall be separated from walls,
floors, timbers, and partitions, through which they may pass
by non-combustible, non-absorptive, insulating tubes, such
as porcelain or glass. Wires passing through cross timbers in
plastered partitions shall be protected by an additional tube,
extending at least four inches above the timber.

(j) Clearance from Other Wires or Pipes.

(1) Wires of any circuit coming within two inches of other
light, power or signal circuits, shall be permanently separated
therefrom by a continuous and firmly secured, non-conducting
material in addition to the insulation on the wires. (See also
order 1391-j).

(2) Wires crossing pipes shall be protected in the same man-
ner as called for in paragraph (1) above.

(3) Wires crossing pipes in wet places shall be protected as
called for in paragraph (1) above, and in addition shall be kept
at least two inches from such pipes.

Note: It is better to run wires over pipes upon which moisture is
likely to gather, or which by leaking might cause trouble on a circuit.

(k) Wires Entering Cabinets, etc. Where entering cabinets,
cut-out boxes or junction boxes, except where they are in
conduit, armored cable or metal raceways, wires shall be pro-

tected by non-combustible, non-absorptive, insulating bush-
ings which fit tightly into the holes in the box or cabinet and
are well secured in place.

Note: The wires should completely fill the holes in the bushings

50 as to keep out dust, tape being used to build up the wires if neces-
sary.

ELECTRICAL CODE—ORDER 1344 193

(1) Mixed Work.

(1) When, in concealed knob-and-tube work, it is im racti-
cable to .place the whole of a circuit on non—absorptivep no
corgb}:shble insulating supports, that portion of the c’irculi:;
wh:ch' can not be so supported shall be installed with metal
conqult or armored cable, except that if the difference of
tential between the wires is not over 300 volts and wire 4
1110t exposeq to moisture, they may be fished when sepaiaiz
f{ﬂ:.:xcased in flexible tubing, extending in continuous lengths
7 Out:;ziport to support, from support to outlet, or from outlet

(2) When using either conduit or armored cable in mixed
concealed knob-and-tube work, the requirements for conduit
work or armored cable work shall be complied with as the cése
may be. Proper fittings having a separate bushed hole for each
wire shall be used for terminating the conduit or armo ;ac
ble. (See also Order 1330-f—2.) s

(m) Outlet Boxes or Plates and Fixture Studs Required
(1) Outlet boxes or plates shall be installed at all ?}utlet's in
c_}c:ncea]ed knf}b and tube wiring for lighting. Outlet piat{las
z all not be installed where it is practicable to install outlet
oxes. The box or plate shall be covered by a proper cover
or (ﬁz);mfd canopy. (See also Order 1346-1.)
\dequate i
i e}ﬁgtric Ii;ﬁgﬂzrziﬂf;; fixtures shall be installed at all

Note:

For ordina i
ey ry size fixtures suitable fixture studs should he

'(3) At outlets for combination gas and electric fixtures gas
pipes .shall be fastened to boxes or plates so as to secure d
electrical contact. i

(4) Outlet boxes and plat i
e plates shall be supported as required

E;’l) -Bmkeﬂ Surface at Outlets, When the surface at any
outlet is broken, all holes or open spaces shall be repaired,

Order 1344. Insulation Requirement for Wiring,
The wiring of an installation sh i
Miepen, ton shall comply with the following

(1) The complete installation and any portion thereof with

all cut-outs and safet ices i
5 ety devices in place, shall have a resistance
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between wires and between all wires and the ground (not in-
cluding attachments, sockets, receptacles, etc.) not less than
that given in the following table:

Up to DURMIREIBE e oA 4,000,000 ohms
Upito " 10 GMDeres o e 2,000,000 ohms
Up to 25 amperes 800,000 ohms
Up to 50 amperes 400,000 ohms
Up to 100 amperes 200,000 ohms
Up to 200 amperes 100,000 ohms
Up to 400 amperes 50,000 ohms
Up to 800 amperes 25,000 ohms
Up to 1600 amperes................ AR e 12,500 ohms

(2) When the lamp sockets, receptacles, electroliers, etc., are
also connected, one-half of the resistance specified in the table

will be required.

Order 1345, Wiring of Car Houses and Car Storage Yards.

(a) Trolley Wires.

(1) The trolley wires shall be securely supported on suit-
able insulating hangers, designed for the voltage used, and
shall be placed at such a distance apart that the distance be-
tween any two hangers is less than the distance from the trol-
ley wire to the floor or rail.

(2) Wood troughing or sufficient protection to prevent trol-
ley pole forming a contact with any metal part of the building
shall be provided.

(b) Cut-Out Switch and Line Breakers.

(1) An emergency cut-out switch 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
insulators shall be installed so that when the emergency switch
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 current shall be
cut out of the building when not needed for use in the building.

(2) Trolley wires in car storage yards, or distinctive sec-
tions of a large storage yard shall be controlled by an emer-
gency cut-out switch, as described above. Yards in conjunction
with car houses shall be treated as a separate section and have
auxiliary cut-out switch,

(3) When car house or car storage yard is divided into fire
sections auxiliary cut-out switches shall be arranged to control

Cars are not in use.

Note: Suitap
ing this done.

‘(-E) Bonding of Rafz.r. All rails shall be bonded at each joint
:wf;N 2 conductor having carrying capacity at least equivalent
o No. 0-A. W. G, annealed copper wire, and all rajls shall be
connected to the outside ground return circuit by not less than

No.0-A. W. G. i : ;
6 frncke copper wire, or by equivalent b.ondmg through

e signg should be posted in conspicuoug places, order-

: (1) Power third rails shajl be rigidly Supported on suitable
Insulating supports and properly bonded at joints,

(2) Power rails within each fire section of building or stor-
age yarc! shall be controlled by an cmergency cut-out switch
located in » readily accessible place outside of buildings,

(g) Control of Lamps and Stat;

: ationary Motors, Al lam
and sta_t:onafy motors shall pe installed in such a way thgi
one main sWJtch_ controls the whole of such installation light-
Ing and power, mdependent]y of cut-out switch called for in

gl)) Wz'm'ng of Apparatys. .
All wiring and apparatus shall pe ; :

: ¢ installed in d
with the orders of the other sections of this code, i

(2) When current for lighting, stationary motors, heating,

testing apparatus etc,, is from g ircui
: tus, etc,, grounded trolle
foIIowmg special rules shaij apply: S hicke

:r XXJItage for light, heat, or pPower shall not exceed 750 voltg,
gml; dpé)raved cut-outs ang 8witches ghall be placed in the nop-
nded side of light and motor cirenitg they are to brotect. Light

cirenits shaly not have more than 2,000 watts, depending upon z

cut-out, single
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III. Drops to lights shall be flexible rubber covered wire or packing
house cahle. ;

IV. In series systems sockets shall be of the weatherproof or porce-
lain keyless type and of a voltage rating for the current used.

V. The main ground, or return wire, shall connect with the rails or
negative feeder at not less than two places and shall be protected
against mechanical injury.

VI. All cut-outs and switches in grounded systems shall be installed
in cabinets of non-conducting material. If wooden cabinets are used,
they shall be lined with 14 inech wire fire-resisting insulating material
and painted with a non-conducting paint. (See also Order 1353-e.)

VII. All portable testing, lighting and power devices and all pendant
cords and portable conduectors shall be constructed to withstand hard
ugage.

VIIL Controlling devices and apparatus for feeder distribution sys-
tems for outside distribution shall be installed in a fire-resisting room

or compartment.

Order 1346. Portable and Flexible Cords. (See also Orders
1341-g and h and 1360-a.) '

(a) Show Windows. Portable cords shall not be used in show
windows or in show cases, unless provided ‘with metal armor.

Exception: Portable cord may be used for the purpose of supplying
current to porfable lamps and other devices for exhibition purposes.

(b) Voltage Limit. Portable and pendant conductors, except
in electric railway property, shall not be used where the voltage

between wires is over 300 volts,

HException: Portable cords for portable or movable motors for grind-
ing and other uses, operating between 300 and 500 volts to ground may
be used if the following congiruction requirements are complied with:

(1) Portable cord shall be flexible steel-armored lead-covered cable.

(2) Steel armor of portable cord and all other exposed non-current-
carrying parts shall be grounded in accordance with reguirements 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 distinetive type not interchange-
able with ordinary wall receptacles of the lighting system.

(6) Plug connectors shall he arranged so that they can be inserted
in receptacle in one pogition only, thereby inguring against wrong con-
nection of ground reguired above.
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: (t]:.) .Usg of Fz_e.?;‘ible Cords. The use of flexible cords shall
e limited to wiring of pendants such as single lamps (not

clusters), portable equi i
; quipment and chain fixtures, (S
Order 6037 General Orders on Fire Prevention,) PR

(d) Cord for Portable Eoui
quipment. For all portable equip-
ment, cords, especially suited to th s
i ey € purpose, shall be used. (See

N .
. {:;.ﬂygzz;ds e);poseddto dampness, corrosive influences, inflammahble
» 8N4 pendants liable to come in conta
L : ct -
Jects are included In this requirement A

(ve})1 Strain at Connections. Portable and pendant conduct-
ors s aI} be so installed that no strain can be placed on the terminal
connections and shall have no joints except at suitable fittings.

; (] £) Receptacles for Portable Attachments. Receptacles shall
de ‘ocated at safely accessible places with the more exposed con-
;(Etlzng part connected to the grounded side of the circuit. They
s ta be so ;ocated t}-lat. liability of such conductors being brougl:;h
mSo dangerous proximity with other live patts will be minimized
(See also Order 1111-b-2, Section 111 of Part 1.) '

Note: ! .
menc:! :d, Receptacles having guarded conducting parts are recom-

(tg)u C o:;me;fors for Portable Cords. Connectors which discon-
nect all poles from the I i i
e Ve source of energy by a single operation

(h) Guarding Live Ports of Conmectors.

(1) Connectors shall be S0 constructed (with guards when
necess_ary) that th.e person using them cannot inadvertentlj
come in contact with live parts, or be burned by arcing, when
Interrupting the circuit, :

h(2) The f.:nds of a separable connector which are left alive
shall have live parts suitably guarded. ’

(1) Connectom_ in Hazardous Locations. Where connectors
are exposed to inflammable gas or flyings they shall be so
arranged as not to be exposed to accidental opening by per-
sonj\s handling portable conductors or devices.
h(l_]l)bDeszgn.af Separable Connectoys. Separable connectors
i all be so designed that the plugs will not fit receptacles rated for
arger currents than the plugs, and shall be of the polarity type,

! Ek)' Protection of Cord at Sockets. Flexible cord where
ntering sockets shall be protected by approved insulating
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bushings which, if threaded, shall not be smaller than 34 inch
pipe size.

(1) Protection of Cord at Outlet Bowes. Where passing
through covers of outlet boxes, flexible cords shall be pro-
tected 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 com-
position bushings may not be used. '

SECTION 135, SWITCHES, FUSES, CIRCUIT-BREAKERS, CABI-
NETS, SWITCHBOARDS, CONTROLLERS, TRANSFORMERS,
MOTORS, GENERATORS, CRANES :

Order 1350, General Requirements for Switches.

(a) Where Switches Are Required.

(1) Switches shall be installed at as many points of any
distribution system as may be required to make possible the
disconnection of individual parts or pieces of apparatus from
the source of power. (See also Order 1351-d-1.)

Exception: (1) Parts or pieces of utilization equipment intended to
operate as a unif, as for instance a motor and its starting device, may
be controlled by one switch.

(2) An automatic circuit-breaker complying with Order 1851-£-3 may
serve as a gswitch for motors if it disconnects all wires of the circuit,

(3) Utilization equipment having a capacity less than 16500 watts
may be disconnected by plug connecfors, arranged as required hy
Order 1346-g-h-i and j.

(2) There shall always be a switch for disconnecting motor

starters, including switches used as starters, from the supply

circuit,
Exception: One switch may serve to disconnect the supply civeuit
to several motor starters if within sight of the motors controlled.

(b) Switches to Be Readily Accessible.

(1) All switches shall be readily and safely accessible and

shall be installed in such a manner as to minimize the dangé{fii"
of accidental operation.

(2) With motor-driven equipment, heaters and furnaee;si'L

switches shall be within sight of the equipment controlled by
such switch, !

(c) Switches to Be Indicating. When controlling circuits
of capacities greater than 1320 watts, switches shall be so
located or marked as to indicate their function, the location

_._J_jueked cabinets,
‘USe in two-wire branch circuits are not included y

p |
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and character of equipment ¢o

ntrolled b
they are open or closed, T e
h(lc:) Sm'tches Re_gm'red Yo Disconnect qaj] Wires. Switches
shall open gJ] conductors of the circuit by one operation

E £ i
four:i:giptison:t hExcept for outline lighting, single-pole, three-Way and
¥ Switches may be used in two-wire branch eircuity of capacity

as limiteq by order 1352-h
Srdor 1t » if placed in the ungroundeq conductor, (See

( f) g‘w.s'trke‘r %0 Be Capable of Opening Undey Load,
(1) Switches shall preferably pe capable of breaking 150

Per cent of the fyjj load current :
at the rated voltage, of the connected apparatug

than qualified persons,
h( f) Motoy Starting Switches,
shunt the fuses o other motor Protective deviceg during the

1351-d ang 1354,)

All manya] switches, including
shall -have suitable casings or inclo,
Permit of operation without openin
the operator is at all timeg protected against da
shal! be locked, sealed or made inaccessible i
qualified persons, by other Suitable methodg ,

Exception: Switches on switchboards and pg :

Service entrance switches,
sures of such design as to

e : ;
anelboards complying with order 1354.1 need not he installeq 'n-
: 1
Smgle—pola, three-way and four-way sSwitches for
nder thig order,

(1) Locking of Switches. Means shall be provideq so that

. s :
‘ SWitches for dlsconnectmg motors, storage batteries, traps.
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formers, electric furnaces, and similar utilization eqm?mfant
can be locked in the open position to prevent careless c c;}smg
while work is being done on the equipment controlled by t en-;.
Hxception: (1) Small capacity snap or pus.h switches, ianld piui,1t
buttons of remote control switches if near machines anddin plain gig
from all parfs of the machines controlled, are exempte 1, S
! (2) Switches of any size are exempted if the instaJIatlog c,t:nfn];)13 -
only one motor, and the switch ig in plain sight from all parts o
i erated by the motor. :
msggljlllg;ezpswitches in rooms made inaccessible to other th‘af:l qual(i1
fied persons may be arranged to be blocked in the open position an
plainly ta.gged'. (See order 1301.)
(j) Disconmectors. Disconnectors shall be accessible oilﬂ
€
to properly qualified persons. They shalll also be protech-le
by signs warning against opening the disconnectors whi
carrying current. : .
(k) Switch Blades to Be Dead. S\nfltches shall be so wired
that blades will be dead when switch is open. -
Hxception: Double-throw switches are exempted from this require
ment.
) ' : irements.
(1) Contact and Blade Requirem =
(1) Switches shall be so constructed as to make and main
tain good contact, St :
(2) Knife switches shall maintain such all-gnme.nt lunder
i un-
service conditions that they may be closed with a single
hesitating motion, ’
Note: Quick make and quick break switches are strongly recom
mended.
: £,
m) Clearances and Arrangemen . : )
El)) Where a number of switches are installed in one loca
tion, 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 close them.

(4) Double-throw knife switches when‘ mounted in th; 4
vertical position shall have a locking device so clopstruche__t; ]
as to insure the blades remaining in the open position when

s0 set.

Note: Up to 250 volts and thirty amperes, ?ndica,ting'snap ;)‘rhpgliig
switches are recommended in preference to knife switches on lig L

circuits. (See also order 1354-b.)
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(n) Flush Switches—(Snap or Push ). Where flush switches
~or receptacles are use » whether with conduijt or not, they
shall be inclosed in a box constructed of iron or steel, in addi-
tion to the porcelain enclosure of the switch or receptacle,

(0) Support of Surface S nap Switches in Concealed Wiring,
Switches shall be supported at outlets by approved fittings or
outlet boxes giving proper support or by 3x74 inch block
fastened between studs,  When this cannot be done, hase
blocks not less than ¥ inch in thickness securely serewed to
the lathing shall be provided.

(p) Sub-bases for Snap Switches in Open Wiring. Sub-
bases of non-combustible, non-absorptive msulating materials,
which will separate the wires at least 14 inch from the surface
wired over, shall be installed under all snap switches used in
exposed knob and cleat work. Sub-bases shall also be used

ing directly on the metal raceway.

(9) Time Swmitches. Time switches, sign flashers and similar
appliances shall be of approved design and inclosed in approved
cabinets, except sign flashers on or within the body of structure
of the sign, in which case they shall be in separate, completely in-
closed, accessible weatherproof boxes or cabinets of metal, of
thickness not less than that of the metal of the sign itself,

(r) Compliance with Other Orders.

L. Cranes. For additional requirements for switch installa-
tions for cranes not covered in this section, see Order 1358,

2. Outline Lighting and Signs. Switch installations for out-
line lighting and signs shall conform to the requirements of Orders
1365-d and 1366-a, in addition.

3. Service Entrance Switches.

For additional requirements
see Orders 1324 and 1325,

Order 1351, General Requirements for Fuses and Circuit-
Breakers. (See also Order 1352.)
(a) Where Fuses and Circuit-Breakers Aye Required,
(1) Fuses or circuit-breakers shall be placed at every point
Wwhere a change is made in the size of the wire unless the fuse
or circuit-breaker in the larger wire will protect the smaller,

(2) Fuses shall be used to protect all wires of branch or
tap circuits,
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(3) Each conductor of motor circuits shall be protected by
a fuse or circuit-breaker. (See also { below). Except on
main switchboards or where otherwise subject to competent
supervision, automatic overload circuit-breakers shall be pro-
tected with approved fuses.

Hxception: (1) Direct current and single-phasa alternating current
motors may have one side protected by an automatic overload cireuit-
breaker only if the other side is protected by a fuse,

(2) Circuit-breakers only will be approved for the protection of
motor ecircuits having a maximum capacity greater than that for which
approved enclosed fuses are rated.

(3) If an A, C. starter when in running position opens all wires of
the cireuit automatically under overload it may also serve as a circuit-
breaker.

(4) Small motors may be grouped under the protection of a single
set of fuses, provided the rated capacity of the fuses does not excesd
10 amperes and the total wattage of the eircuit does not exceed 660,

(b) Heaters of aix amperes or 660 watts capacity or less, may be
grouped under the protection of a single set of fuses, provided the
rated capacity of the fuses does not exceed ten (10) amperes, or may
be connected individually to lighting cireuits when the normal load in
use on the circuit at any time will nol exceed 660 watts. Subdivided
circuits of a heater need not be separately fused,

(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.) i

(c) Tampering with Fuses. Nothing shall be done to fuses,

either temporarily or permanently, which will defeat the
purpose for which they are installed, or which will increase.

the capacity 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 practice as the placing of pennies behind plug

tuses, the installation of link fuses or wires on the outside of cartridge 3 _-'

fuses are also forbidden by this order,

(d) Guarding Live Parts of Fuses. (See also Orders 1310,

1350 h and 1354). -

(1) All fuses shall be so arranged that they may be dis- -
connected from all sources of electrical energy, by properly
placed switches, before being handled. (Except services, see

Order 1324.)

ELECTRICAL CODE—ORDER 1361 203

.(2) All fyses shall be installed in locked cabinets or other-
Wise made inaccessible to other than qualified bersons while
the fuses are alive.

s Exc;eptio?: lFuses. in rooms inaccessible to other than qualified
Derators (ing uding Denthougeg containin

; g elevator conty
are exempted from this order, e

Natf;: One n:]ethod of obtaining the desired Protection ig by a con-
structl.on in which the fuse and jtg exposed current—carrying parts are
accessible only aftey they have been disconnecteq from the ecireuits,

igolated,

(f) Iﬂ-ateﬂocke'ng Cireuit-Breakers.

(2 .In tv’vo or three-phase three-wire circuits and two-phase
four-wire circuits there shall be an overload trip-coil in each
of two phases and in four-wire three-phase circuits there shall
be a trip-coil in each phase,

(3) If a circuit breaker is used in i

‘ Place of a switch ag per-
n;litted by Order 1350-a, Exception 2, it shall be so arranged
that no one pole can be opened manyalj ith i
necting all the wires, Lot Lk

Exception: The above order does not a

_ _ pply to grounde ret -
cuits of electric railway 8ystems, ey

(g) Fuses and Circuit-Breakers i Neutral Wiyres Ground
Wires and Pivtyye Canopies. J

. 'gl) Permanently grounded conductors including service
wires, (see als? Order 1324-b) shall pe arranged without

Of€ operation. (See also Otrder 1350-d and éxceptions. )

Exceptioh: Branch op Tap Circuits, (See a-2 above.)

(2) Automatic cut-outs shall not pe placed in fixture

‘canopies,

(h) Fuses and Circuit-Breakers to be Readily Accessible,  All

- fuses and circuit-breakers SRl Ba puaiiinie am
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Order 1352. Capacity of Fuses and Circuit-Breakers.

(a) Determining Size of Fuses and Circuit-Breakers. The
rated capacity of fuses shall not exceed the allowable carry-
ing capacity of the wires they protect as given in Table 3 of Order
1341-a. Circuit-breakers shall not be set more than 30 per cent
above allowable carrying capacity of the wires protected. (For
exception to this order see Order 1341-c.)

(b) Fuses for Branch Circuits.

(1) Branch circuits supplying incandescent lamps with can-
delabra bases shall not have more than 500 watts connected load,
and shall be protected by fuses not larger than 6 amperes rated
capacity.

(2) Branch circuits supplying small motors, small heating de-
vices, or incandescent lamps with larger than candelabra bases
shall not have more than 1000 watts connected load, and shall be
protected by fuses not larger than 15 amperes rated capacity.

Exception: In cases where wiring equal in gize and insulation to
No, 12 A, W. G. rubber-covered wire is carried directly into keyless
medium serew base sockets or receptacles of stage borders, foot-
lights, prosceninm side lights, signs and outline lighting, the connected
load may be increased to 2000 watts and the size of fuse to 20 amperes
rated capacity. (See also exception to (5) below.)

(3) Branch circuits supplying only vapor lamps (See Order
1362), or incandescent lamps with mogul bases shall not have
more than 4000 watts connected load, and shall be wired with not
less than No. 8 A. W. G. wire in the circuit and not less than No,
12 A. W. G. wire in the taps from circuit wires and shall be pro-
tected by fuses not larger than 35 amperes rated capacity.

(4) Residences, apartments, offices, stores and public buildings
shall be so wired as to provide the equivalent of one circuit for
every 1000 square feet of floor area, (the floor area to include
space occupied by walls and partitions.)

Exception: Attics, porches, basements and public halls of these
buildings are exempted from this requirement.

(5) Buildings, except those listed in (4) above, shall be so
wired that no branch circuit supplies more than 25 candelabra, 16
medium or 8 mogul size sockets or lamp receptacles.

Exception: TUnder the conditions cited in the exception to (2) above,
32 medium base sockets or receptacles may be wired on one branch
circuit,

(c) Fused Rosettes, Fused rosettes shall not be used.

BELECTRICAL CODE—ORDER 1353 206

Order 1353_. (..‘,ut-out Boxes and Cabinets, (For switches,
fuses, circuit-breakers, feeder and branch circuit panel-boards,
etc.) (See also Order 1330-i.)

(a) Material. Cut-out boxes, switch cases, cabinets or other
enclosures shall be of metal, except that wood may be used for
car houses,

(b) Wiring Spaces of Metal Cabinets. Cabinets and cut-out
boxes, when used to inclose devices or apparatus connected within
t}}e ca}binet or cut-out boxes to the wires of more than four power
circuts or more than eight lighting circuits, not including the
supply circuit or a continuation thereof, shall have back wiring
spaces or one or more side wiring spaces, side gutters or wiring
compartments, unless the wires leave the cabinet or cut-out boxes
directly opposite their terminal connections.

(c) Inside Dimensions of Metal Cabinets.

(1) The spacing within cabinets and cut-out boxes shall
bc‘ sufficient to provide ample room for the distribution of
wires and cables placed in them, and for a separation be-
tween metal parts of cabinets or cut-out boxes and current-

carrying parts of devices and apparatus mounted within them
as follows:

(2)' There shall be an air space of at least 1-16 inch, except
at points of supports, between the base of the device and the
\;vali of any metal cabinet or cut-out box on which the device
18 mounted.

(3). There shall be an air space of at least one inch between
any live metal (including enclosed fuses) part and tHe door
unless the door is lined with an approved insulating material
when the air space shall be not less than one-half inch,

(4) There shall be an air space of at least one-half inch be-
twt?en the walls, back, gutter partition, if of metal, of any
:.:abmet or cut-out box and the nearest exposed current-carry-
ing part of devices mounted within the cabinet where poten-
tials do not exceed 300 volts. This spacing shall be increased
to at least one inch where the potentials exceed 300 volts.

(5) Cabinets having one or more side wiring spaces, side
gutters or side wiring compartments shall be furnished with
covers, barriers or partitions extending around or from the
side or sides of all bases or groups of bases of the switches
cut-outs, circuit-breakers, or feeders and circuit branch paneI:
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boards within the cabinet and providing a close fit with the
door, frame or sides of the cabinet so as to enclose_t.he§e
spaces, gutters or compartments and the wires stowed wn.;hm
them. At sides where wires or cables are led from the cabinet
at points directly opposite their terminal connections-to de-
vices or apparatus within the cabinet, and 'other. wires or
cables are not placed, these covers, barriers or partitions may
be omitted. _

(6) When cabinets have back wiring spaces whllch are not
entirely enclosed, covers shall be furnished to provide equiva-
lent enclosure,

- (d) Unused Openings in Cabinets. All unused _outlet open-
ings in cabinets and cut-out boxes, shall be eﬁectxvely 'clo-sed
by metal which will afford protection substantially equivalent
to that of the walls of the cabinet or cut-out box.

(e) Cabinets of Wood. .

(1) Cabinets made of wood or composition material as per-
mitted by Order 1345-h whether for flush or sutface mounting
shall be rigid and substantial. Doors shall fit closely. The
detailed specifications for sheet metal cabinets shall be
followed so far as they apply. _

(2) Wood, when used for the construction of cabinets
shall be well-seasoned, at least three-fourths inch in thickness,
and shall be thoroughly filled and painted. Cabinets made of
wood shall be completely lined with a non-combustible ma-
terial firmly secured in place. Linings of slate, ma‘rble or
approved composition shall be at least one-quarter inch in
thickness. Sheet metal, if used as lining, shall be at least No.
16 U. S. sheet metal gage. One-eighth inch rigid asbestos
board may be used for linings when firmly secured in place.

Order 1354. Switchboards and Panelboards. (See also
Orders 1350-n and 1384.)

(a) Switchboards.

1. Switchboards if accessible only to qualified persons shall
be installed as required by Orders 1120-¢ and 1142 of Part 1.

2. If installed where accessible to other than qualified per-
sons, as in workrooms of mills and factories, mercantile
establishments, hotels and other public buildings, they shall
in addition be guarded as required by Order 1310, and insulating
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floors, mats or platforms provided as required by Order 1120-e-2,
Section 112 of Part 1. (See also Order 1350-h.)

(b) Pamelboards, Panelboards for lighting distribution cab-
inets shall be so constructed that persons while operating the
switches are at all times protected against accidental contact with
live metal parts. (See also Orders 1350-h and 1351-d-1.)

Order 1355. Controllers.

(a) Accessible and Indicating.

The requirements for accessibility and the indication of the
function of controllers, starting rheostats and auto-starters
shall conform to Orders 1350-b and ¢ for switches, :

(b) Contacts. Controllers and theostats shall be so constructed
as to make and maintain good contact,

(¢) Resistors.

(1) Resistors shall be placed on switchboards, or at a dis-
tance of at least one foot from combustible materials, or
separated therefrom by slabs or panels of non-combustible,
non-absorptive, insulating material such as slate, soapstone,
or marble, somewhat larger than the resistors and secured in
position independently of the supports of such resistors.

(2) Bolts for supporting the resistors shall be countersunk
at least 14 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.

(3) For proper mechanical strength the slab used should
be made of a thickness consistent with the size and weight of
the resistor.

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 shall niot be placed on or inside of any
building, except electrical test rooms, generating stations and
substations, unless inclosed in a transformer vault. (See defini-
tion 52, Section 102, Introductory Part.)

(3) Air cooled transformers shall not be placed inside of
any building, excepting generating stations or substations, if

the highest voltage of either primary or secondary exceeds
750 volts, unless inclosed in a transformer vault,
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(4) Air cooled transformers of less t‘han 7_50 volts, ::21::;
exception of bell ringing hand ot}{er Sé?;tzgzgo;ﬁ;:‘?east One,
ounted that the case 15 a
i:zltl [;:ofr? lzlcam}:mstible material or segarated thfarlefror:h l;};
non-combustible, non-absorptive m'sulatlng material, sfu o
slate, marble or soapstone. This will require the use of a
or panel somewhat larger than the transformer. SE LR
Exception: This requirement does n(ft ap;gh.]r1 tl(l) a:rp:;,n el
el ‘rioasornises aoshodiad in i derleas, ut W1 Kisch appirstus
ifef::?il:?i;i?f?fﬁplimtoothzse 1'u1és in all other respe.cts. f
(b) Auto-Transformers. Transrformers in whm:f; a pzia.:;uﬁs
the turns are common to both primary and secon ary_rc(::uitS .
shall not be used inside buildings to supply hf,rhtmg ci
the highest voltage involved exceeds 300 volts.

Order 1357, Motors and Generators. (For Sizes of Wire see
Orders 1341-b and ¢.)
Bushings and Buases. . .
Eall}) Bushini‘s for lead wires coming through .the .Eran;e:‘: of
mdtoré and generators shall be of non-absorptive insulating
material.

Exception: Soft rubber may be used if not_ exposed to mlsl,tsgizis;,g
or other deleterious substances in such guantities as to cause i

destruction. .

(2) When terminal bases are used, they shall be.of appr}?ved
non-combustible, non-absorptive, insulating material such as
slate, marble or porcelain.

b) Dripping. i

((Ig \Vhpe‘!i-e there is likely to be oil dripping 'fm:{ﬂ motors
and generators suitable drip pans shall be prowd'z d e

(2) Suitable guards or inclosures shall be prcl)vti- e fc:lpads

i ts and the insulation of le
tect exposed current-carrying parts : | ; ;
oef motgrs and generators from drlppmg 01.1, excessive moisture,
steam, vapors, chemicals or similar injurious substanc-es.
. (c) }S peed-Limiting Devices. Machines of the following typg
shall be provided with speed-limiting devices ;n!essl the :oada 5ar;0
i i of such a character a
mechanical connection thereto are sucl 18 '

;}:’;el; limit the speed or unless the machine is always under the
manual control of a qualified operator.

{1) Separately excited direct-current motors.

4
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(2) Series motors,
(3) Motor-generators and converters which can be driven

at excessive speed from the direct current end, as by the re-
versal 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 cireuit breaking device which
will cut off the supply of energy when excessive speed is attained.

(d) Weak Field. Where the speed adjustment of direct cur-
rent motors is accomplished by varying the field resistance, and
the nature of the load and the range of the field-rheostat are such
as to make a dangerous speed attainable and no speed-limit de-
vices are used, the field rheostats shall be arranged with low-volt-
age releases or other necessary devices so that the motor cannot
be started or continued in operation under dangerously weakened
field except where the operation of such a low-voltage release
might result in serious injury to service or apparatus,

Exception: Motors which are designed to permit operating under
weakened field are not included in the ahove,

(e) Wiring. Where speed-limiting devices or remote-control
switches are electrically operated, the control circuits by which
such devices are actuated shall be adequately guarded by conduit
or otherwise, against mechanical injury,

(f) Under or Low-Voltage Protection. Where the restarting
of the motor on restoration of voltage may result in injury to
persons or apparatus, under or low-voltage protection, which will
cause and maintain the interruption of power to the main circuit
upon reduction or failure of voltage, shall be supplied.

Exception: When the motor and driven machinery are isolated

and accessible to qualified bersons only, the provision of a disconneet-
ing switch eliminates the hazard to persons.

(g) Reverse-Phase Relays for Motors. Electric freight or
passenger elevators or cranes, operated by polyphase alternat-
ing-current motors, shall be provided with relays of the poten-
tial type which will prevent starting the motor if the phase

rotation is in the wrong direction, (See also Order 495 of the
Elevator Code).

(h) Operation. Only motors especially designed for the pur-
bose may be run in series—muyl tiple or multiple-service.

(i) High Potential Systems. (See also Order 1325.)

14
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(1) Motors or generators shall not operate at voltages in
excess of 2500, except in rooms accessible only to qualified
electrical operators. (See Order 1301, Section 130.)

(2) Motors operating at voltages above 750 volts shall be
wired with approved multiple conductor, metal sheathed cable
in rigid metal conduits, or other suitable ducts.

Ixception: Where not exposed to moisture, the sheathing may be

omitted.
(3) 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 clamps.

(4) The insulation of the several conductors where leaving
the metal sheath of cables, shall be protected from moisture,
and mechanical injury by pot-heads or equivalent methods.

Note: Do not terminate the conduit at or close to the apparatus
and bridge the gap with open wires. In the case of a belted motor
which must be adjustable to some extent, a short poriion of the comn-

duit may be flexible,

Order 1358. Cranes.

(a) Special Requirements. In addition to complying with
the other orders of this code that apply, all wiring and elec-
trical equipment of cranes shall comply with the following re-
quirements: (See also Section 131.)

(b) Wiring. !

(1) All wires except bare collector wires, those between
resistances and contact plates of rheostats and those subjected
to severe external heat, shall be rubber-covered and not smaller
in size than No. 12 A. W. G. ,

(2) Insulation on wires between resistances and contact
plates of rheostats shall conform to Order 1358-e.

(3) Wires subjected to severe external heat shall have slow-

burning insulation.

(4) All wires excepting bare wires, shall be run in conduit,

armored cable, or shall be supported by knobs or'cleats which
separate them at least one inch from the surface wired over.

Exception: In dry places where space is limited and the distance

between wires, as required by order 1343-d-1 and h-1, cannot be ob-'-:

tained, each wire may be separately encased in flexible tubing securely,

fastened in place.

(5) Trolley conductors carried along crane runways, shall be
rigidly and securely attached to their insulating supports at least

every 20 feet and held at ends by strain insulators. If wires are
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cuit-breakers and controlled by a switch which can 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 accessible from the floor. ;

(2) All electric cranes shall be equipped with a main line
switch connected into the leads from the crane Tunway wires,
and so located in the cab as to be readily accessible to the
operator. This switch shall comply with Order 1350-h and
shall have means for locking in the open position.

- Exception: Where cabs are attached to the ecrane trolley an addi-
tional main line switch of the same type shall be provided as near as
possible to the main collectors.

(3) With cranes or cab controlled monorail hoists having
more than one motor, each motor shall be protected by fuses,
a circuit breaker or overload relays controlling line contactors,
If fuses are used, one fuse shall be provided in each conductor.
If circuit-breakers or overload relays are used, the number of
trip coils shall not be less than required by Order 1351-§-2.

Exception: Jib cranes, pillar cranes, and floor controlled hoists
having a combined motor horse power of 10 or less need not have in-
dividual motor protection. :

(4) Each hoisting motor shall be equipped with a limit
switch so placed and so arranged as to disconnect the motor,
apply the brake and stop the motor before the hook passes
the highest point of safe travel.

(d) Buffers at Travel Limits and Between 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 on 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 magnetic brake

so arranged that the brake will be applied when the power is cut

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 lower
brake and a magnet brake on motor shaft are employed, the two br:
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(4) Manual controllers or the manually operated part of re-
mote controllers shall be provided with a device that will defin-
itely indicate to the operator’s sense of feeling when the controller
is in the “off” position.

(5) All controller handles shall, as far as practicable, be
so arranged that the movement is in the same general direction
as the resultant movement of the object controlled, and so that the
operator can readily face the direction of travel,

SECTION 136. LIGHTING FIXTURES AND APPLIANCES. INCLUD.
ING SIGNS AND OUTLINE LIGHTING

(See also General Orders on Fire Prevention.)
Order 1360. Fixtures.

(a) Wires. (See also Order 1341-g and 1346-¢, d and 1.)

(1) Fixtures when wired on outside shall have the wires so
secured as to prevent cutting or abrasion by the pressure of the
fastenings or motion of the fixture.

(2) Chain fixtures shall be wired with flexible conductors.

(3) At fixtures, the circuit wires, especially the splices to
fixture wire shall be kept clear of the grounded part of gas
pipes, and where canopies or outlet boxes are used, they shall
be made sufficiently large to allow the fulfillment of this re-
quirement. (See also b-2 below and Order 1343-h-2-3.)

(4) Indoor fixtures shall have rubber-insulated wires, except
that where wires are subjected at any point to a temperature
exceeding 49 degrees C, (120 degrees F.), as in showcase or
ceiling types, they shall be provided with wires having slow-
burning or other heat-resisting coverings. (See also Order

1346-a).

(5) Outdoor fixtures shall have rubber-insulated wires.

(6) Wires shall be without joints or splices in fixture stems.

(b) Supports.

(1) Fixtures shall be suitably supported.
Note: Ordinary fixtures may be supported from gas pipe, conduit,
outlet boxes or fixture studs. Heavy fixtures will require special
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(3) Incandescent lamps in series circuits shall not under
any circumstances be attached to gas fixtures. (See also

Order 1323.)

Order 1361, Fixtures for Gas-filled Incandescent Lamps.

(a) Wiring of Fixtures.

(1) Fixtures for gas-filled incandescent lamps within buildings
shall have wires with approved slow-burning or other heat-resist-
ing coverings where the temperature to which the wire is subjected
at any point exceeds 120 degrees F. (49 degrees C.).

(b) Sockets.

(1) Gas-filled incandescent lamps shall not be used in con-
nection with medium-base sockets or receptacles if of above
200 watts nominal capacity nor with mogul-base sockets or
receptacles if of above 1,500 watts nominal capacity.

(2) When above 100 watts in size, such lamps shall not,
if provided with a shade, reflector, fixture or other enclosure
above the socket, be used in either medium or mogul-base
types of socket or receptacles having fiber or paper linings.

(¢) Gas-filled Lamps in Show Windows. Gas-filled incan-
descent lamps shall not be used in show windows or in other
locations where inflammable material is liable to come in con-
tact with lamps, shades or reflectors, unless installed in proper

fixtures equipped with shades or guards suitably ventilated

to prevent dangerous rise of temperature.

Order 1362. Vapor Lamps. (See also Order 1352-b—3.)

(a) Mercury-Vapor Lamps. Resistors of mercury-vapor lamps
shall be inclosed in noncombustible cases and shall be treated as
sources of heat. In locations where these resistors or regulators
are subject to flyings of lint or combustible material, all openings
through cases shall be protected by fine wire gauze.

(b) High-Potential Tubes.

(1) The tube shall be so installed as to be protected from
mechanical injury or liability to contact with inflammable
material.

(2) High-potential coils and regulating apparatus shall be
installed in approved steel cabinets not less than 1-10 inch in

thickness, ventilated in such a manner as to prevent the escape

of any flame or sparks, in case of burnout in the various coils.
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(2) Economy 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.

(d) Guarding.

(1) Arc lamps shall be supplied with globes and wire
netting around the globes (having a mesh not to exceed 134
inches) and shall be protected by spark arresters. Broken
or cracked globes shall not be used.

(2) Lamps shall be placed out of reach or otherwise suit-

ably protected.
Note: Outside lamps should be suspended at least 10 feet above
footways and 15 feet above roadways; ingside lamps, at least 8 feet

above the floor.

(3) Lamps shall be secured from falling on persons or traffic
passing below, and the hanger rope, chain or other means adopted
for holding the lamps shall be regularly and systematically in-
spected.

(e) Supports. All metal cable or chain supports for constant-
current series lamps shall be effectively insulated from the lamp
and shall also be insulated at a point not less than 8 feet from
the ground.

Order 1364. Decorative Lighting,

For temporary installations of approved systems of decorative
lighting, the difference of potential between the wires of any cir-
cuit shall not be over 150 volts, and not more than 1320 watts
shall be dependent on the one cut-out.

Order 1365. Outline Lighting. (Exterior.) (For size of fuses
required see Order 1352-b and ¢ and Exceptions.) -

(a) Wiring.

(1) For outline lighting, open wiring, conduit or metal-trough
construction may be used but raceways shall not be used.

(2) Wires for use in rigid or flexible steel conduit shall comply
with requirements for conduit work. (See Order 1342.)

(3) Where armored cable is used, the cable shall be protected
from moisture by lead sheath between armor and insulation.
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2) Outsi ildi
(2) Outside of building, such equipment shall be installed

m w &ﬂthetpl ODf Cabl p p =
LS p

(d) Switches Outline lighti
4) S S, ne lighting shal
which disconnect all conductors. § e

transformers, and similar
nd shall be installed as re.

Protected by switch
(See also Order 1350.) i

Order 1366 Si ,
J gns. (For size of F el
1352-b and ¢ and Exceptions.) uses required see Order

(a) Switches. Electric signs, locat
shall be- Provided with switches ,whic
o.f the sign, and which shall be :ei'ther
Sign or arranged so that they can be Io

ed as noted in (¢) below
h disconnect all feed wires
located within sight of the
O e o e U A o
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EEars

Note: It is recommended that where the capacity of the sign ex-
ceeds 1320 watts, a switch which will disconnect all wires be installed
on the outside, within 7 feet from the ground.

(b) Commectors.

(1) Electric signs with changeable connecfions shall be so
arranged that the changeable connections can be changed
manually only by connectors in which all poles of the circuit
are simultaneously interrupted.

(2) Al current-carrying parts of pin-and-socket connectors
shall be provided with guards, so as not to be exposed to contact.

(c) Aeccessibility and Guarding.

(1) Electric signs, any parts of which are at an elevation
greater than 30 feet above the ground, or at an elevation above
a roof greater than the distance from the edge of the roof,
‘shall be provided with substantial safely accessible runways,
ladders or platforms from which all replacements and other
necessary adjustments can be made. Provision for support-
ing workmen by safety belts shall be made in the construction

and maintenance of signs so located.

(2) Electric signs outside buildings shall have no current-
carrying 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,
including metal work of the building structure.

Order 1367. Heating Devices, (See also Order 6037, Gen-
eral Orders on Fire Prevention.)

(a) Flexible Cord.

(1) Flexible cords for smoothing and pressing irons, and
for all heating devices requiring over 250 watts shall be of
the packing house type in damp places, and of the electric
heater type (rubber and asbestos covered) in dry places.

(b) Guarding. Stationary heaters, such as radiators, ranges,
plate-warmers, etc., shall be so located as to furnish ample protec-
tion between the device and surrounding combustible material.

Order 1368. Electric Furnaces and Welders, (See also
Order 46, General Orders on Safety.)
(a) Inclosure Required. Electric furnaces and apparatus used
for arc welding, where intensely glowing, incandescent, or arcing

Separate street mains, the feeq fi
taken from 5 DOTHE o Gt
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parts are €xposed shall he ;

: : inclosed, so that hoge ;
:be rea dily accessible or visible to unauthorized per. parts will not
ng signs shall pe displayed. persons, and warn.

W » Required, Suitab] ~
g screens, hoods, goggles, gloves, and other devices shilll:)r;e

Provided for the a i
uthorized o erat
or
f€ar such exposeqd parts. k e T e

“ r welde.r Except at boints whera Necessarily Jeft exposed
Contacts) a]f current~carrying parts of f
ot furnaces,

welders and contro] equi
; s uipm, :
nclosures of barrier guzrci,. ent shall pe suitably guarded with

SECTION 137 THE '
: ATERS, ASSEMBLY
ESTABLISHMENTS, INCLUDING S

(Order 1310-b-2 requires conduit,
raceways in theaters.)
Order 1379, Special Requirements.

In v . :
addition to complying with the other orders of this code, al]

Wiring and electrical equ;
: - quipment of theat :
following special orders (137 1-1379, ft?cft::ijil;{l comply with the

Order 1371, Service,
(a)_ Independens Supp

armored cabjeg or meta]

Which the Dbublie p
ave acceg i
the Performance. o S e

(2) Where is practicable

ofh‘:he theater, including possible
tw lle the other service shall pa at least of syfg
o(ssupply curr.ent for ajl cmergency lights :

) Where it 'S ot practicable tq obtain ene

ient Capacity

gy from two
9 emergeney liabi. 5 ..
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(4) Where the source of energy is.an tsolatf;di;e)ia‘;nz;;;};t;
the same building, an auxiliary service pf su ts&;de Ao i
to supply all emergency lights from some ?}un G
a suitable storage battery within the premises sha

Order 1372. Fusing and Control of Exit Lights. S
Emergency lights shall not have more than fox&ei sdependenﬂv
between them and their service fuses, shall be fe s 3
<£3 the stage lighting, shall be controlled only from tdef =
Other convenient place in the front of th.e hotse, and fuse
Sontrol shall be accessible only to authorized persons.

i Lamps.
Order 1373. Dressing Room . . | G
All pendant lights shall be equipped with all;lm(;)re%ﬂt.:la uf;rds
steel armored flexible cord, and shall be provided with g

which are sealed or locked in place.

Order 1374, Switchboards. .
Construction and Guarding. 3
E?; Stage switchboards shall be ccmstruct:efi as IT?EHE;I tg}g
Order 1142, Section 114 of Part 1, and in additilclxn{sh:s p:mected
. » he operator is at all tim
“dead-front” type so that t tor i At
i ibility of contact with live metal parts,
ainst any possibility o :
ag(2) Stage switchboards shall have a metal hood ovetti-nthz ! ;;;
running the full length of the board and fully protecting
thing falling from above. by A
fron;) ag);mm.er Switches. Switches controll:mg circuits ofi 'er'l;(;?
din(lmers form a part shall be arranged to' dlsccrnnec.t thed ;mneu_-
completely, except that on three-wire mains wzt‘h groum itzhwt ;
tral the neutral shall be run through to the dimmer w
switch in it. . | 3
(c) Dimsmers to be Inclosed. I?Immers shall bei E{I:czil; 5
well ventilated non-combustible inclosure, access

ualified persons.
3 Note: A fireproof chamber is recommended,

Order 1375. Stage Wiring,
(a) Plug Receptacles.

i shall
(1) Plug receptacles for arc and incandescent tla(;nﬁls]to Ny
be different, so that arc lamps cannot be connecte )

i a.
incandescent lamp receptacle and vice vers
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(2) Plug receptacles shall be controlled from switchboard only.,

(3) Plug receptacles shall not pe rated at less than 35
amperes for arc lamps, and 15 amperes for incandescent lamps.

(4) Plug receptacles shall be wired to ful] capacity, but in no
case shall a wire smaller than No. 6 A. W. G. be used for are
lamps, nor smaller than No. 12 A. W. G. for incandescent lamps,

(b) Footlights, Borders and Prosceninm Sidelights,
Order 1352,)

(1) The lamp receptacles shall be inclosed in approved
outlet boxes or mounted in approved footlight sections con-
structed of sheet iron or steel, of a thickness not less than No,

(See also

shall be suitably supported to prevent mechanical strain at
connections and abrasion to cable. Conduit construction shall
be used from switchboard to point where cables must be flexi-
ble to permit raising and lowering of border:

(3) For the wiring of footlights, borders and proscenium

in each rope at the border,

(5) Borders and proscenium sidelights shal] be provided
with suitable guards to prevent scenery or other combustible
material coming in contact with lampg,

(c) 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 exces

on the wire connection and the conne
tacles shall be soldered,

sive strains from coming
ctions to the lamp recep-

(d) Sceme 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 used.

(f) Special Electrical Effects.

(1) Bracket fixtures used for lights on scenery shall be
securely fastened in position and have inclosed wiring. Fixture
stems shall project three inches beyond the back of scenery and
have terminal bushings.

(2) Where devices are used for producing special effects
such as lightning, waterfalls, etc., the apparatus shall be so
constructed and located that flames, sparks, etc., resulting from
the operation cannot come in contact with combustible material.

Order 1376. Curtain Motors and Ventilating Flues.

(a) Curtain 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
electric device, the operating circuit shall be normally closed.

(2) The magnet operating damper shall be wound to take
the full voltage of the circuit from which it is supplied with-
out the use of a resistance device and must not heat more than
normal for apparatus of similar construction. It shall be lo-
cated in a loft above the scenery and shall be installed in a
suitable iron box with tight seli-closing door.

(3) Such 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 latch, and located,
one at the electrician’s station and the other as designated,

Order 1377. Portable Equipment.

(a) Arc Lamps.
(1) Arc lamps for stage effects shall each be in charge of

a competent operator, except that one operator may have
charge of two lamps when they are not more than ten feet

1 {

13 (cjr:?oztab!e Pluggmg boxes shal] be constructed so that
shal] b:n ariying part will pe €xposed, and each rece Faiel

Protected by fuses mounted on slats or marble ;I);asce:

and inclosed in 2 fie :
“Proof cabinet eqq; TR ;
doors_- The busbars of portable Plug(g:lpped e

(2) Pin plug connectors shall be go installed that the fe

male part of plug will pe on I
be on live
constructed that tension og tho catflzd of cable, and shall pe o

chanical Strain on the connections

c ; ; L
arc( Iim-iiexgzﬁcford&d Flexible cords used from receptacles to
i exc;pt thate§ zfnh other portable equipments shal] pe stage
Souitore . 0'1 the purposfe of feeding 2 stang lamp, under

Wwaere cords are not liable to Severe mechanica] Tinjury

a reinforced cord ma
; y be used, pr ; :
is fused for not gyey 6. brovided the brotecting cut-pyt

bo{:Etah)S i’gﬂi{‘f}kg‘me Wz'.t}:e Othey Orders, For construction of

» ventilation, Machines, flues, see Building Code, Secti .

(b) Lamps. , =
mps shall b '

1 € constructed entirely of metal of a

-(1) Arc Ia
thickness not €ss than No. 24 U. S. Sheet Me

where use of insulating m i
15 :
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structed in such a manner as to provide safeguards against
fire or accident, f

(2) Incandescent lamps shall be inclosed in such manner
as to attain the same ends.

(¢) Wiring. All wiring in the booth shall have slow burning
insulation.

(d) Switches. Each lamp of a machine shall have a separate
switch located in the booth.

(¢) Equipment. Generators, rectifiers and other equipment for

transforming electric current shall not be placed within the booth.
Exception: If the booth is mot less than 10 feet wide, by 19 feet

long, by 8 feet high, and all such equipment is inclosed in fireproof ma-

terial or thirty mesh wire screen, this requirement will be waived,

(f) Cabinets for House Lights. Cabinets containing control
switches for auditorium lights shall not be located in the booth.

(g) Rheostats. Rheostats, transforming devices or any substi-
tutes therefor shall be of types expressly designed for the purpose.

Order 1379. Picture Machine Equipments—Miniature Port-
able Type. (See also Building Code.)

(a) General. All equipments including all attachments, cur-
rent-controlling devices, motors if any, and other parts employed
shall be constructed so as to minimize the hazards of operation,
and to safeguard against fire or accident.

(b) Rating. The entire equipment shall consume not more
than 660 watts.

(c) Lamps. Lamps shall be constructed in such a manner as
to provide safeguards against fire or accident.

(d) Control Apparatus. Rheostats, transformers, switches
and other similar current-controlling devices shall be attached to
and form a part of the machine and shall have no live parts
exposed.

SECTION 138. PUBLIC GARAGES

(For definition of public garage see Order 5240, Building Code.)

Order 1380. Special Requirements.
In addition to complying with the other orders of this code that

apply, all wiring and electrical equipment of public garages shall

comply with the following special orders (1381-1383, i.nciusive).
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Order 1381, Wiring.
(Conduit, armored cable or metal
: ; raceways i i
public garages by Order 1310-b-2.) et
(a) Wall Outlets.

Conduit, armored cable (see Order 1332-b) or metal raceways
(see Order 1333-a) shall be so installed that no outlet junction

box, wall receptacle, ete., i
2 acle, - will b : '
from the flooy. | e located less than four feet

(b) Floor Outlets. Floor outlets shall not be used.

Order 1382, Portables,
(a) Flexible Corg.

5 Ef)l Flexible cable for charging shall be stage cable, and
s ?SJ 1-;\@ a current-carrying capacity of at least 50 am;;eres
Flexibl roort

o ¢ cords for pendant lamps shall be of the reinforced
(b) Connectops.

(3) The fixed or wall connector, if not located on a switch- '

board or chargin ;
contact. §H§ panel, shall be protected against accidental ; . i|

(¢) Lamps. Al portable lights shall he equipped with keyless
socl.celts, of fnou‘lded composition or metal-sheathed porcelain f '
equipped with a substantia] guard having a heayy handle and h)’P}_ﬂ; |
Order 1383, Location of Equipment, 579

Chii)igSmtch]ioard and Charging Panels. Switchboards and
v ger g;.pane §, at or upon which are mounted devices which |
momp 0? ;zl;] may cause ‘sparking, shall be located in separate

osure, provided for this purpose only, unlegs all

such sparking or arcj |
g % s ng parts'are at least four feet above the il
rounded by explosion-proof inclosure. {il
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(b) Motors or Generators. Motors or generators not actua;]}lly
a part of a vehicle, if not located at least four feet above the

floor, shall be of the explosion-proof type.

GNAL
SECTION 133. SIGNAL EQUIPMENT CONNEOTE?“T':'JOS Sl
LINES AND RADIO SIGNALLING APPAR

Order 1390. Scope of Orders.

Orders 1391 and 1392 govern wiring and otheF pr‘o.tec;';.wc
arrangements for telephone, telegraph (except.rad}o sxﬁgna 123-
apparatus) district messenger and call—bvlel'a_:zr(:u.ltsl,1 raad-:lmS
burglar alarms, and all similar systems which are Ii).:*:ztr o,
only because of their liability to becomle crossed with or -
jected to induced voltages from electric light, heat or power ¢

its, or because of exposure to lightning. i ‘

CUBS;df;rS 1393-1399, inclusive, govern radio signalling apparatus
and wiring,

Order 1391. Requirements for Wires and Cables Sl-lppc‘);;:.ed
on and Entering Buildings, Protectors and Interior ir-
ing of Signal Equipment.

(a) Signal Wires on the Outside Walls of Bmldmgs.refgnaa;
wires on the exterior of buildings shall not come ge?.t e
four inches to supply wires, ex.cept when in cr;n Et ;d o
separated therefrom by a continuous anq ﬁrm’l;:rh. xmnwn_
conductor to maintain permanent. separ.atlon. . 1sh‘eS
ductor shall be in addition to the insulation of the w h. i

(b) Insulating Joint in Aerial Cabtle‘s..th\?\»]’::;gcr\;iegtﬁi jl- ;a:) e
aerial cables, which are liable to contact wi he s

i ilding the sheath shall be interrupted Ii}y means of
ET?Z;E?:;;; ljlolli‘ldt i‘ by equivalent means placed immediately
outside the building. ; | ‘

(¢) Insulation of Drop Wires. '.I‘hfe wires fro;n t;:eel ;il:')t (::ltd
side support to the entram:f:d to bi.;]ﬂdglfgbiislt;?nés)smn 5

i ttached to the outside walls ; : -
::;;zrainsulation not less than 14, of. an inch in tht:d'(;é?is :r::
shall be covered by a substantial b_rald; on fw:'au.rue:I u1d il.‘gconi
frame portions of other buildings wires shall be m-ck?f;bs o
duit or supported on glass or porcelain msul.ators., lcln i 1'3914_)
exception following 1391-f, see also exception following ]
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(d) Entrance Bushings and Drip Loops. Wires shall enter
building ejther through noncombustible, nonabsorptiye insulating
bushings or through rigid conduit, Bushings shall be installed in
a manfier to prevent entrance of moisture to the building, Condyit

ing 1391-f, see also exception 1391-1.)
Note:
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 {o building and in 5
readily accessible place. The protector shall not be placed in the
immediate vicinity of inflammable materials, or where exposed to

inflammable gases, dust or flyings. (See also Order 1392.3-2
and exception to 13914,

More than one wire may enter through the same bushing jf

() Wires from Entrance 1o Buildings 1o Protectors shall be in-
closed in conduit of supported on porcelain insulators of g type
and so spaced that the wires will not make contact with other
objects or the surface wired over (see exception to 1391-1)

Exception: ‘When wires are carried in eables

and (f) do not apply. The cable may he of the metal sheath ¢t 0
conductory insulated With paper op
be of non-metallie sheath

individual conductors ghall conform to order 1391-¢, except that the
braid on individua} eonductors may be omitted.

(8) Protector Ground Wire.
1391-i.)

The ground wire of the protective device shall be run in
accordance with the following requirements

(See exception under Order

side of building
it shall be pro-
d by a wooden
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(h) Protector Ground Commection. (See exception under
Order 1391-1.)

1. The permanent and effective ground called for in (g)
above shall be obtained by connecting to extensive underground
water or gas pipe systems, to a ground rod or pipe driven into
permanently damp earth, or to a metallic plate or other body
buried in permanently damp earth.

2. Connection shall always be made to water pipes where
practicable. :

3. If attachment is made to gas pipe, the connection in all
cases shall be made between the meter and the street mains.

4. When the ground wire is attached to a water pipe or a
gas pipe it shall be connected by means of an effective ground
clamp fastened to a thoroughly cleaned portion of the pipe,
or the pipe shall be thoroughly cleaned and tinned with rosin
flux solder, and the ground wire wrapped tightly around the
pipe and thoroughly soldered to it.

5. When the ground wire is attached to a ground rod driven i
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 both mechanically
and electrically, and in such manner as to prevent corrosion
when the joint is buried in the earth.

£ g

7. Where buried plate or other metal electrode is employed,
the ground wire shall be securely fastened to it in such manner
as to make a reliable electrical and mechanical contact.

8. Steam or hot-water pipes shall not be used for a protector
ground.

S

(i) Requirements 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 protect the arresters.

4. The protector terminals shall be so marked as to indicate
clearly the “line,” “instrument” and “ground” terminals.

(3) Wires Inside Buildings.

1. Wi
wher:\:res beyond.the Protector, or wires inside buildings
O Protector is used, shall be insulated neatly arrangfd

and securely fa i i
stened in place ien !
. 7
g i P @ convenient and workman-

: 2. They shall not come nearer than twe
light or power wire in the building
Separated therefrom by a conténuou,s
tor lcz:eating 2 permanent separation :
addition to the insulation on the wir(;.

3. Where wires are
any building,

inches to any electric
unless inclosed in conduit or
and firmly fixed nonconduc-
this nonconductor shall be in
(See also Order 1343-j-1.)
i Slbl;lnc}?ed together in‘a ?ertical run within
1all have a fire-resistive covering  siiffi-
wires frpm carrying fire from floor to floor
-combustible tubing or J

n a
ch floor,

5. In no case shal

: 1 signal wire i
terminate in the s, s be run in the same tube or

me box with supply wires.
Boxes provided with

from the supply wires will be a
hag its own cover,

metal barriers Separating the signal
ceeptable, provideq each compartment

(k) Transformers angd Other Devices.
' L. Transformers or
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Order 1392. Other Protective Requirements for Equipment
Connected to Signal Circuits Exposed to Supply Lines
or Lightning,

(a) Guarding Noncurrent-Carrying Parts,

1. Where telephone or other signal apparatus (not included
under a-2 below) which must be handled by persons, is
permanently connected to overhead signal circuits exposed to
lightning 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 ag fuses and arrest-
ers, and also for conditions of unusual exposure, drainage coils or
transformers or hoth. .

(II}) The arrangement of apparatus in such a way that persons using
it will be obliged to stand on a suitably insulated platform, in a suitably
insulated booth or on other insulating surfaces. (The above applies
only where apparatug is acecessible to none but authorized persons.)

(IIT) The arrangement of apparatus (on signal eircuits exposed to
supply lines of more than 750 volts to ground) so as to have no exposed
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 ofher means.

HException: Portable telephones need not be go protected.

2. Such signaling devices as fire and police alarm boxes and
telegraph test boxes, if connected to overhead signal circuits
exposed to lightning or to supply lines over 400 volts to
ground, shall have the accessible noncurrent-carrying metal
parts permanently grounded wherever the character of serv-
ice gives valid objection to the use of arresters or transform-
ers on the signal circuit. (See also b-3 below).

Note: Police alarm signals, where connected to overhead police
alarm eircuitg, should be protected by arresters operating at 500 volts
to ground, placed in the connecting leads outside the box. Fire-alarm
boxes connected to overhead eircuits, if not protected by arresters,
should be provided with suitable ingulating material between the eir-
cuit within and the exposed frame and operating hoolk, this insulation
to be capable of withstanding the highest voltage of the supply eir-
cuits to which the fire-alarm circuit is exposed up to 7500 volts.

(b) Guarding Current-Carrying Parts.
1. Telephone or other signaling devices which are perma-

nently located outdoors or where exposed to corrosive fumes
or dampness (such as may occur in subways, cellars, base-

ments, laundries, stables, etc.) shall be so arranged that all un=
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roun § i
ibly pcli-:;lez;téenbc_arryéng parts are so guarded as to be suit
against breakdown of insulati :
Iy a
vailing atmospheric conditions, i

':Note. The ]nc]osln case 1 & & 18 prov d
g 8 O Blgn 1 apparaty e
i . rovide Sult{ib}
gualds it Euhsta‘ntia“} bl-ult Of nletal or lDSlﬂﬁ.tlng Tﬂateilals.

2 A
Under the conditions of (1) above, cords shall be guarded
ded metal (such as metal ar-

for the individual conductors,

3. Where no protective device is install

foe fire al ed (permissible only

be of i
- ;ii:zun?ci met.al or of special insulating material suitable
o cir;?t i;me hlgi:jes_t supply circuit voltage to which the
S exposed up to 7500 volts (See
’ ’ s. also a-2 aboy
(c) Protection Against Induced 1 ollages T

1. All telephone or i i
other signaling equi i
be handleld by persons and which isg Sl

: . uced between the t ina

e ) e terminals of th

gnaling equipment and ground, shall be protected b :

or more of the following methods : Py
(I)' All exposed metal parts of t

the circuit, and the circuit shall be pr

bl Bakdow pnten Ial not e Ceedlﬂ ne-hal tha of th sula; lon be-
n tI X C goehfhtf e insulat

’ A noncurrent-carryi
s . Ying metal
! nt: cax.r.'ymg parts. Cords shall have an additi D_&rts a:ml .
e ional insulating tub-
II) Al
0 n(tl ; gAl‘iui!;I::{SZi dno:}zlcurrent—carrying mmetal parts shall pe perma,
; a current-carrying met ‘
Vi . al part el r
p anently grounded or adequat-ely shielded. (See E :E:*Iale ?lthﬂl e
50 l?cated that persons comitig in con-
obliged to stand either on an insulated
e insulating material,
Ord ; iri i
er 1393. Wiring of Radio Signaling Apparatus
r . . - . :
p 3::110 signaling apparatus all wiring pertaining
S el :;r; to tlhe. other provisions of this code that
PP : work installed and to the i i
tional requirements : (See also Order 1300.) e
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Order 1394, Requirements for Radio Stations Which Re-
ceive Only.

(a) Antenna,

(1) Antennae outside of buildings shall not cross over or under
electric light or power wires of any circuit 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 can result in a con-
tact between the antenna and such electric light or power wires.

(2) Antennae shall be constructed and installed in a strong and
durable manner and shall be so located as to prevent accidental
contact with light and power wires by sagging or swinging.

(3) Splices and joints in the antenna span, unless made with

approved clamps or splicing devices, shall be soldered.
Exception: Antenna installed inside of buildings are exempted

from all of the above regulrements.

(b) Lead-in Wires.

(1) Lead-in wires shall be of copper, copper-clad steel or other
metal which will not corrode excessively. _

(2) Lead-in wires shall not be smaller than No. 14 A, W. G.

Exception: Copper-clad steel wire of No. 17 A. W. G. or larger

may be used.

(3) Lead-in wires on the outside of buildings shall not come
nearer than four inches to electric light and power wires unless
separated therefrom by a continuous and firmly fixed noncon-
ductor that will maintain permanent separation. The noncon-
ductor shall be in addition to any insulation on the wire. .-

(4) Lead-in wires shall enter building through a non-combusti-

ble, non-absorptive insulating bushing.

(c) Protective Device.

(1) Each lead-in wire shall be provided with an effective pro-
tective device 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 formsg a shunt around the protective device is recom-
mended. This switch should not have a slate base.
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(d) Disconnecting Switch,
A switch for discon i ivi
necting the receiving appara
antenna shall be provided. T et
Note: This should preferabl
; ¥ be a double pole switch whi i
disconnect the apparatus from hoth the antenna and ground c‘:n:ace}itxil
(€) Protective Ground W ire.
= (If) The ground wire slhall be of copper or copper-clad stee]
o copper t%1e ground wire shall be not smaller than No. 14

Ofl\zlolfﬁivn;] Othe;r}-1 permissible grounds are grounded steel frames
or other grounded metallic work in ] ildi
i : n the b
a.rti-tjma,l grounds such as driven bipes, plates, cones eic "nldmg e
(2) The ground wire may be bare or insulated, ’ -

(2) The ground wire shall b
id e protected agai i
ot protected against mechanical

(3) AI} ef-i‘ective ground clamp shall be ysed wherever the
ground wire is connected to pipes or piping,

(f? Wires Inside Buildings.
- Wires inside buildings shall be securely fastened in a workman-
zlte r‘nan_ner and shall not come nearer than two inches to any,
e gct.rlc light or power wire unless scparated therefrom by somél
contmu_ous and'ﬁrmly fixed nonconductor making a permanent
sepa:rahon: This nonconductor shall be in addition to any
lar insulation on the wire, S

Note: Porcelain tubing or a i i

| pproved flexihl

encasing wires to comply with this rule. A R 1

(g) Receiving Equipment Ground Wire.

(1) The ground conductor shall be
. : of copper, copper-clad steel
or ot'h.er metal which will not corrode excessively under existi
conditions, o

Note: This conductor ma i
; ¥ be either bare or insul
run inside or outside of building, i i d

2) Th ;
A, (W? G. 5 g_mund conductor Shalll not be smaller than No. 14

Bxception: Co per-clad v
e D ad steel wire of No. 17 A. W G. or larger may
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(3) Receiving equipment ground wire may not be used as the
ground conductor for the protective device unless it is installed in
the manner required by (e) above.

Order 1395. Requirements for Radio Transmitting Stations.

(a) Antenna.

Antennae outside of buildings shall conform to the requirements
of Order 1394-a.

(b) Lead-in Wires.

(1) Lead-in wires shall be of copper, copper-clad steel or other
metal which will not corrode excessively.

(2) Lead-in wires shall not be smaller than No. 14 A. W. G.

(3) Antenna and counterpoise conductors and wires leading
therefrom to ground switch, where attached to buildings, shall be
firmly mounted five inches clear of the surface of the building, on
non-absorptive insulating supports such as treated wooden pins or
brackets equipped with insulators having not less than five inch
creepage and air gap distance to inflammable or conducting ma-
terial.

Note: Where desired approved suspension type insulators may be
used.

(4) In passing the antenna or counterpoise lead-in into the
building, a tube or bushing of non-absorptive insulating material
shall be used and shall be installed so as to have a creepage and
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 creepage and air-gap distance is maintained,

(¢) 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 counterpoise lead-ins to the
ground conductor.

Note: This switch may be located either inside or outside of the
building.

(2) The base of the switch shall be of non-absorptive, insulat-
ing material.

Note: Slate base switches should not be used.

(3) This switch shall be so mounted that its current-carrying
parts will be at least five inches clear of the building wall or other
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conductors and located as nearly as possible in a direct line bey

twee'n the lead-in conductors and the point where ground con-
nection is made,

(d) Protective Ground Wire.

(1) Antenna and counterpoise conductors shall be effectively
grounded at all times when the station is not in actual operation
(unattended) by a conductor at least as large as the lead-in and in
no case smaller than No. 14 A. W. G. copper or copper-clad steel

(2) The ground conductor from grounding switch to grounci
connection shall be securely supported and run to the same type of

ground connection and in the same manner as required by Order
1394-¢,

m;Il?;ii:ng:(?:ic;:pxﬁt:onductor need not be ingulated nor mounted on

(e) Operating Ground Wire.

.(1) The radio operating ground conductor shall be of copper
strip not less than three-eighths inch wide by one sixty-fourth inch
tIllC.k, or of copper or approved copper-clad steel wire having a
Pﬂrlphery or girth (around the outside) of at least three-quarters
inch (for example a2 No. 2 A. W. G. copper wire).

(2) The radio operating ground conductor shall be firmly se-
cured in place throughout its length and protected and supported

;r‘; ;Ille same manner as required for lead-in conductors by Order
-b.

(f) Operating Ground.
(1) The operating ground conductor shall be connected to a
permanent and effective ground.

(2) This ground and ground connection shall conform to
Order 1394-e, .

(g) Power from Street Mains.

(.1) Whe.n the current supply is obtained directly from street
mains, the circuit shall be installed in metal conduit, armored cabld
or metal raceways,

(?) If lead covered wire is used it shall be protected through-
out its length in metal conduit or metal raceways.

e ‘o
(TS SR e S

(h) Protection from Surges.

(1) In order to protect the supply system from high-potential
surges and kick-bac_ks there shall be installed in the supply line as
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near as possible to each radio-transformer, rotary spark gap,

motor in generator sets and other auxiliary apparatus one of the

following :
i, Two condensers (each o
pacity and capable of withstan

f not less than one-half microfarad- ca-
ding 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 geparation.

2. Two vacuum fube type protectors in series across the line with the
mid-point grounded.

2. Non-inductively woun
mid-point grounded.

4. Electrolytic lightning arresters guch as the aluminum cell type.

(2) In no case shall the ground wire of surge and kick-back

protective devices be run parallel with the operating ground wire

when within a distance of thirty feel. .
(3) The ground wire of the surge and kick-back protective
devices shall not be connected to the operating ground or its

ground wire.
(i) Suitable Devices.
Transformers, voltage reducers,
ployed-shall be of types suitable for radio operation.

d resistors connected across ‘the line with

keys, and other devices em-

APPENDICES OF PART 3

Appendiz C. Determining Required Size of Conduit.

For combinations of wire not chown in Tables 1 and 2 of Order
1331 the following method may be used to determine the proper
size of conduit:

For a proper installation the combined cross sectional area of
the conductors in a conduit may not exceed 40 per cent of the
inside cross sectional area of the conduit. From Table 1 the
area of any size wire may be obtained, and from Table 2 the area
of any size conduit.

Example: 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 X 038) + (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 1s 122 square inches and hence would be too

Tt would then be necessary to use a three-quarter inch

small.
an absolutely necessary:

conduit, although it is somewhat larger th
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TABLE 1—WIRES IN CONDUIT. DIMENSBIONS OF RUBBER-COVERED WIRE

Wire | Aten

| Wire
| Ares. Wire | Aren
1° | 031 225,000 0. M 5 'i
1 .01 25,000 0. . .65 | 1,000,000 0. M. 1.74
B 038 | 250,000 O. M. 58 | 1,700,000 Q. M. | 2,04
0 | 0 | a0, i 69 | 1300000 O. M. | 2.
8 | 08 | 400.% g. M. | nesolooo 0. M. | 2@%
g , &8 | 400,000 O. ﬁ' 83 | 1.800,000 O, M. | 287
B | 1 450,000 C. M. 92 | 1,400,000 O M, 2.40
i | u oo, 0., M. S99 | 1,500,000 C. M 2.52
g 19 850,000 0. M. 131 | 1,600,000 O. M. 2.63
2 2 600.000 a. M. 1.19 | 100,000 O. M. 2,78
1| 2 50,000 C. M. 1.97 | 1,750,000 G. M. 2.8
& 8 gw.m 8' M. 1.83 | 1,800,000 O. M. 9.80
000 | ] 800,000 0. M. T | 3o o . e
0000 | 49 850,000 O. M. D AR s
| 900,000 C. M. 1.60
| | 950,000 O M. 1.68
|
TABLE 2-DIMENSIONS IN CONDUIT
: .
“‘onduit
‘ Area 409 of Ares Gondult | Ares | 402 of Ares
- |
% ‘ 306 : |
z 29 %:2% 3 T.84 2.93
; . 56| a4 9.94 3.97
L, Jus | 8% i 12.7 5.08
] | 50 4% 15.5 6.36
3 |~z 15 o | 3s T
B iR | 1.3 & | 28 | 1158

|
|
|

Appendix D. Motor Wiring Tables,

1. Alternating Current Motors.

TG. assist those responsible for the selection of the proper size
of wires and the proper sizes of fuses or circuit breakers for rcj
tecting the wires to a single alternating-current motor operalzin
under normal conditions, wiring tables are given her,ewith -
The tables are based on the following assumptions. as to. size
of f_use required to withstand the starting current without blowing :

——

Type of Motor : Tim&ment ;[!‘;Mﬂ.
Starting

Single-phasge, repulslon-induction; with:
) 1 3 0 g
g;ggig mﬁﬁiﬁ' Lﬁﬂuﬁ}sign-ind{\ﬁtion: with 1‘;:3{122:??{}“;“_“_""‘ ?sgg
- ! @plit-phage (thrown directly acrosS lie)..--.. §
I;g}gghggg- :“T"ig“%‘ wonnsﬂrofnv direetly across line)..--.. gl!,gg
, squirrel-cage (with approved 4 :
Poly-phase, squirrel-cage (thrown %lreeﬂya:gnsa?‘itlgg:::“ g gg’ it

a}The cutrent values 1_15ed in these tables are the average current
v ueds of motors of diﬁ'e-rent types, all frequencies and standard
speeds. Therefore, a variation of 10 per cent higher or lower mav
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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 ma-
jority 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.

TABLE 1-SINGLE-PHASE (SPLIT-PHASE TYPE) INDUCTION MOTORS

Running Fuse

Size of Wire or
Cahle
*Rubber, Var-
nished Glath or
Other Insulation

H. P. ol Load | Starting Puse Amperes
Amperes r Amperes
| | |
V. | 20V, | 10V, | 20V, | HovV. | 20V

|
* g 6.8 3.4 ‘ 20 10 10 5
-l 14 i 40 20 20 10
*2 L7 A (L £ 0 4 a0 15
*3 34 17 ‘ 100 0 20
#5 54 26 160 &0 55 35
=71 8 42 250 125 | a6 50
10 108 | 54 325 160 | 15 W

*Motor thrown directly across Iine:
“*Varnished cloth insulated wires sin

no resislanece starter nged,
aller than No. 6 may not be used.

. | Running Fuse

| 110 v. .'[ 20 V.
——
| 12 14
8§ 12
& ke
3 8
0 5
| 000 2
0000 i

Size of Wire or Cable
| **Rubber, Varnished

Oloth or other

H. P Hull Load ‘ Starting Puse Amperes
Amiperes Amperes ‘ Insulation

= | e .

110 V.| 230 v.‘ 440 v.‘ 110 v,‘ 20 V.| 140 v.fnmn 220v.l440v. | 110 7. | 220 v, ilmv,
| |

rH| e8| 54| v | [ 20| 10| 10 14| 4
Lo R 3 85| =| 1| 1| 10 12 ‘ 14
v |28 | 56 62| ‘o 20| 8| 35| 8| 14
] I Wi 100 2% | 40| o0 1| eg
*% | srel e |18 | %0 20 85| 85 5 8
7% | ey | as : : 50 ( 100 | 5o | i 8
167 | 88 | do 00| . 65 5 , 3 6
5 [ | | 7 1 5
2 |18 | 100 200 100 0 ‘ 3
g 120 210 | 12p 000 2
rmeiaa| 146 300 150} [e 200,0tk)| 1
40  |iloxsa] 3o 400 200 300,070 0
66 || a3 i TS ma,mo] 000

*Motor thrown directly across line:
**Varnished eloth insulated wires sm

no resistance starter used.

aller than No. 6 may not be used.

ELECTRICAL,

1

W@@mﬂiwuag

Other Insulation

Cahl

ire or

Jloth or

Size of W
rnishert

+

Rubber, Va

550 V.

5 |
10

2 V. | 440 v,

Running Fyuge Amperes
F

110 V. |2
1o |

1

TABLE 2
UIRREL-CAGE INDUCTION MOTORS

850 V.,

WIRI) SQUIRREL-CAGE INDUCTION MOTORS

TWO-PHASE (WIRE) 5Q
tarting Fuse Amperes

THREE-PHASE (2

B

110V, | 220 v, | 440 V.

R
L

e
L} waﬁ;:ggg?
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TABLE b

TWO-PHASE (4 WIRE), 2 > 2E-VOLT INDUOTION MOTORS

é
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: Bize of Osble Rubber or
H. P, /Sﬁnrbm.g Pro- Running Pro- Gloth
I.-Dad Ampa l teetion Ampa. tection Ampg,
[ i
1.88 | 5 3 . 14
2.08 | 10 13 it
2.6 10 B | 1
3.8 10 b [ 14
5.2 15 10 i4
6.2 20 10 | 14
8.65 2 15 | 12
9.8 25 15 iz
12.1 80 15 | 10
17.3 5 20 [ 8
22.8 | 60 30 | 8
33.2 65 40 | 6
8.5 | 85 45 = 1
b4 | 110 & 2
6 | 1w 8 ! 1
THREE-PHASE (8WIRE). 2,200.VOLT INDUOTION MOTORS
—_ —
| e smoor | Bt o
o 8 R or
H. P, | Pull Sbﬁmng Pro- Running Pro- | Varnished Gloth
i Load Amps. | teetion Amps.| tection Amps, Insulation¥
1.6 ( 5 3 14
2.4 10 b 14
3 10 5 14
3.8 10 5 14
b1 15 10 14
6.4 [ 15 10 14
2.4 25 15 12
14 35 20 ]
20 50 25 8
25.8 65 80 | 6
80 | 75 50 3
52 100 & | 3
25 | 150 %0 r 1
T % B 000
145 00 175 | 200,000
182 | 360 225 300,000
| =
*Varnished eloth inaulated wires smaller than No. & may not be used

-~

SHstEn st

iuey —n—-z;;
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The carrying capacity of a wire as given in Table 3, Order
1341-a-1, Section 134, Part 3 of the code, is based on the as-
sumption that the conductor will carry its rated current indefinitely
and in so doing will not rise in temperature above a predeter-
mined safe value. However, where the current flows only for a
short period of time as in the operation of elevators, cranes, spot
welders, etc., the current-carrying capacity of conductors, as given
in the code, can be safely increased. The current-carrying capaci-
ties which have been found safe for different periods of time are
given in the accompanying table for all common sizes of wire.
Table 6* is based on the use of three rubber-covered wires in
conduit, with an ambient temperature of not more than 85° F.
(35° C.), and for other installations at ambient temperatures
ranging from 85° to 125° F. (35° to 52° C.). Sufficient time
must be allowed between the application of current to permit the
conductors to cool down to the ambient temperature,

TABLE 6—CURRENT-CARRYING CAPAQITY OF CONDUOTORS FOR INTERMIT-
TENT SERVIOE

O % Code P
A r;
o £ ; Oarrying Oapacity, Amp., for %6
88 8 & “"Deg. Fahr, Rise
e sia-
5 5 .
A W.G 'é E o5 Eﬁ
5] 3 @S ga;] [uc‘;teﬁ- Short Time in Minutes
S5 & a e
SE & : Time | g0 15 10 [
b4 19 ) 24 0
99 g4 26 29 %
277 20 35 0 5
36 3 50 60 65
59 80 3 80 108
56 59 &8 100 125
64 o 97 110 140
8 | 8 113 185 165
% 106 180 156 105
9% | 1% 154 180 ’ 225
110 147 152 210 5
130 179 220 | 250 | 340
150 213 | a0 320 | 4%
176 247 310 355 |
18 | 256 | 855 | 39 j 516
205 297 | gy 455 586
238 345 455 535 He0
265 5 500 605 790
290 440 555 | 690 830
345 680 1,000
390 610 ‘ 750 915 1,295
430 830 1,025 1,400
450 70 | 80 | 1,080 | 1,460
465 | 7a5 | o5 [10320 | 1596
495 | 810 ‘ 975 | 1,210 ] 1,665
525 | &8I0 | 1,040 | 1,295 | 1,80

¥ By Victor H. Tousley,
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Ther:e aPpears to be no fixed ratig that may ap
values in stator and rotor circuits of the wound rotor slip-rin
type ‘of motor, but the current values in both the stator andpmtog
Circuits are now indicated on the name plate of the motor :

safe carrying capacity of Table 3. Ordar :
Part 3 of the Code, " Pederdodiang, Section 134,

2. Direct Current M otors,

Jlklthough the calculations for wire  sizes for direct-current
motors are more readily and more quickly made on the job, a
)

similar ire siz i i
similar table of wire Sizes to supply a single direct-current motor
15 very convenient and is here given,

TABLYL ?-—DIIi.F.ﬂ'l'—CURR:ENT MOTORS

e
e

Full Load Fuse

Running Current An?ﬁ'é’éﬁ’” Size ofsgiﬁoﬁ, Cabie
o B —_—

: (o e e Sl
[ 110, v|| 290V, || 550 V. [ 110 V. | 999 v, fﬁan V| 10V, | sy
| [ | 2 i

. | 880 V.
6 29l 5 | | | 2 O
Xt 't 5
g el apl g 10 5 4 | ¢
as| 22| 5| m | 3§ | B 0| 1| 1
B sl s & | G| B e 1
1 S GO A g i | i
2ol ow | sl o | R | 15 il 8] 1
2 | 2 | Bb| | B0 20 1 | 7
9 8 | 29 | yp5 % 95 s 2] 74
e | B | 2 /wo | m | B 000 | < E
16 [ w | 200 | g 50 200,000 | 3 3
2|2 | s e g (2 G000 | o 5
20 (15 | i | 5 | 150 1 %0 | 200,000 | 0 | H
o |22 | 8 | =5 |3 |8 400,000 | o9 | i
S4 | i | g | 4gp | 20 | 8 | 0000 | 000 | 5
o | B |k w0 (3 B 000000 | 270500 | :
i : t el | !
| : 50 | %0 : 450 | wop 1,700,000 II 600,000 | 200,000
e U G RS — !
=<u i) LR

Note: Rubber Varnished cloth _ i
: . Or other insulation, i
cloth wires smaller than No, 6 may not pe usged e

3. Size of Wires for a Group of Motors.
The maximum horse-power that should be

mains or branches stupplying a group of motors is
following table
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Safety Measures to be Observed in the O

sCharrent Motors
%rn?gﬁmum Permissible
SIZE OF WIRE R,

Three Phase A, O.

E B ey
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PART 4.

Safety Measures to be Observed in the Operation of Electrical
Equipment and Lines.

SECTION 140. GENERAL REQUIREMENTS

(To be Observed by all Employers of Electrical and Signal
Workmen.)

Order 1400. Qualifications of Employes.

The employer shall use every reason‘ablc means and prlecajxtilc]m
to assure himself that éach employe is menFally and ‘p]1y51cz;\1y
qualified to perform his work in accordance w1th- t%lese ru _e;.it tg
employe shall be permitted to do wo%'k upon or in prct;]m Osﬁ;on
dangerous live electrical lines or equipment, o; ‘m hsu' [;0 -
as to permit of the establishment of cgza.tact, unless f;‘ is p‘ dpand
qualified or is under the direct supervision of an experience

ualified person. : :

: Worlcmzn whose employment incidentally IJI:II‘IgS t!uamhmdthi:
neighborhood of electrical suppl)f f:quiprnent or lm(;s w::t;:n eanai:ld
gers of which they are not farml{ar shall always be a 1'ﬁ£:_:1 -
by and work under the supervision of a properly qualifie
au::?;:lze-:es e;izﬂétion of “Qualified” in Introductory Part, Section
102.

i loyes.

Order 1401. Instructing Emp : ‘

(2) Employes regularly working on or about 'lwg ei}ecérlcafl
equipment or lines shall be thoroughly mst.ructed in met. ;n s rtljt
first aid, resuscitation and, where necessary, in fire extin guis met ;

(b) z:’kll such employes shall be instructed as to the characf
of all electrical equipment or lines on or dgllgel‘ogslljir éaeirribz

Instructions sha

hich work must be done by them. 1structios i
:Ivle equipment and lines to be worked on, identifying them by posi
tion, letter, color, number, or name.

Order 1402. Responsibility. : : : o
If more than one person is engaged in work on or ab(f;t;i o
same electrical equipment or lines at any one location,
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the persons shall he designated as the foreman locally in charge
of the work ; or all the workmen shal] be instructed ag to the work
they are to perform and the employe instructing the workmen
shall be considered i charge of the work.

Order 1403, Attendance.

Unless a Properly qualified employe is in constant attendance
in rooms where generators and other supply equipment are in
operation, stich rooms shall be made inaccessible to other than
qualified persons.

Order 1404, Requirements for Two Workmen,

Except in trouble Or emergency work, at least two employes
shall be provided where work is done in wet weather or at night
on, or dangerously near, live lines above 750 volts,

Order 1405, Uninstructed Workmen and Visitors,

Unqualified employes or yisitors shall be prohibited from ap-

proaching any dangerous live parts unless accompanied by a quali-
fied person,

Order 1406. Protective Devices,

(a) There shal] be pbrovided 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 extingiushing devices and
equipment, to enable employes to meet the requirements of these
orders. Such devices and equipment shall be periodically in-

ployer or employe, shall be inspected from time to time to assure
that they are in safe working condition,

(b) Employes that work on or near dangerous live parts shall
be required by the operating rules (see Order 1410) to use the
protective devices and the special togls provided, first examining
them to make sure that these devices and tools are syitable and in
good condition. Employes shall further be required to wear suit-
able clothing while working on or about dangerous live equipment
and lines. When working under these conditions, they shall pe
Wwarned to keep sleeves down and ayoid wearing unnecessary metal
or inflammable articles such ag rings, watch or key chains, metal
cap visors, celluloid collars or celluloid cap visors, and warned
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not to wear loose clothing and shoes that slip easily when working
near moving parts.

Note: The following is a list of suitable devices and equipment, the
kinds and numbers of which will depend on the requirements of each
case: -

(1) Safety belts and similar equipment,

(2) First aid outfits.

(8) Insulating wearing apparel, such as insulating gloves, sleeves
and boots. Insulating shields, covers, mats, stools and platforms.
Insulating appliances such as rods and tongs, for any necessary han-
dling or testing of live equipment or lines.

(4) Protective goggles of suitable materials and construction,

(5) Tools of special design and ingulation as to eliminate so far as
practicable the danger of forming short circuits across condueting
parts at different potentials or bringing the user into cireuit with such
parts.

(6) “Men at Work,” tags, log books, operating diagrams or equiva-
lent devices, and portable danger signg,

(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 unattended
or unlocked entrances to electrical supply stations, substations and
electrical testing rooms containing exposed current-carrying parts
or moving parts, permanent warning signs forbidding entrance
to unqualified persons. Suitable danger signs shall be placed in
supply stations, substations, switching towers and testing rooms
about equipment having exposed current-carrying 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, scaffold, lad-
der, 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 conducting paint or rein-
forced lengthwise with metal.

Note: Portable ladders should be in a safe position before being
elimbed. The slipping of a ladder at either end should he carefully
guarded against, especially where the surfaces are smooth or vibrat-
ing. (Bee also General Orders on Safety.)
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~(b) Safet;.: Belts, Employes shall be mnstructed and required

to the belts,

(c.) Tools and Materials, Employes shall pe instructed and
required to take the nhecessary precautions to avoid dropping tools
or materials from elevated positions, and to use hand lines and
proper receptacles for raising or lowering them.

SECTION 141. OPERATING RULES

Order 1410. Utilities to Adopt Operating Rules.

(a) All utilities, that regularly employ three or more men, shall
a-dopt and strictly enforce an adequate set of operating rules de-
s.xgned to attain the safety of sych employes through the observa-
tion of the Hecessary precautions while at work on or near dan-
gerous 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-
quxrt.ements of Part 4 of this code, in so far as they apply to the
specific plant and work of any utility, and such additional rules
as may be necessary to reduce the hazards of operation to 3
minimum,

: (¢) Operating rules shall be filed with the Commission within
Six months of the time these orders take effect,

Note: Filing of operating rules with the Commission will not aet as
a gl_larantee that the rules go filed are adeguate for the purpose of
_rnizumizing operating hazards. In other words, the entiré responsibil-
ity for the adequacy of the rules adopted lieg 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

places of the employer where the number of employes and the
nature of the worle wases i
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Order 1412. Knowledge of Safety Rules and Reporting De-
fects.

(a) Employers shall require employes to study and familiarize
themselves with the safety rules adopted pursuant to Order 1410
and shall from time to time test their knowledge of the rules as
well as their knowledge of approved methods of first aid, resus-
citation and fire extinguishment.

Note: If should be the aim of the employer to make his employes
safe men so that they will congider the effect of each act when work-
ing on or about live equipment and will do nothing which may endanger
themselves or others. They should be taught to always place them-
selves in a safe and secure position, taking all reasonable precautions,
including the use of such safety devices as may be necessary.

(b) Employes shall be required to promptly report to their
superiors any dangerous conditions of equipment or surroundings,
in stations, on overhead or underground lines, of inferior wiring
connected to lines, and all features which they note that may en-
danger life and property.

Order 1413. Orpanization Diagram.

The employing utility shall prepare and distribute, or post con-
spicuously, 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
including the grade of foreman.

Order 1414. Address List and Emergency Rules.

Each employe whose work is such as to require it shall be
furnished with instructions indicating the individual or individuals
to be called in case of an emergency, and rules for first aid and
resuscitation and fire extinguishment.

Order 1415. Chief Operator.

Each electrical utility shall place a properly qualified person in
charge of the operation of electrical equipment and lines and shall
make such qualified person directly responsible for their safe
operation,

Note: Such gualified person in charge of operation and safety may
be designated chief operator, system operator, load dispatcher, general
superintendent or otherwise. In large organizationsg the duties of the
chief operator may be delegated for any particular section of the 8yH-
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tem to a deputy chief operator or otherwise designated employe who
shall report as required to the chief, When it is impracticable to
hav.a the entire system placed in charge of one chief operator, the
duties of the chiet operator may be performed for a portion of, the
system by a local superintendent, local mmanager, or other employe who
may also perform other duties. In small organizations the duties of
the chief operator may be performed by the superintendent, electrician
engineer or some other employe who may also perform other duties:
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INDEX TO ORDERS

(References are to order numbers. The following abbreviations are
used: def, for definition; app, for appendix; see, for Bection).

A

Order No,

Abandoned lnes ............ vesee 1208

Accessibility, conductors in manholes”........‘...,...‘,,...‘.,‘._“1296-0
conductors in stationa Al R I R e
ducts and manholes ...... Maeeatlbienitang oyt e 1300

Sleetiic: SIgNE " © ..y e A e ey [y
station equipnient o O e e vo-21142-¢ and b
el Vs 144
Acid fumes ..,....... G O R e O R S RS SRR e [
Address st 3 SR s, . T4TH
Alive or live, def..................................‘...........IDZB-def. 1
Aluminum conductors SoebRtis st e i iy ey FOTE, 10946-0 and B
Anchors and anchor rods, See Guys and anchors.
Angles in ling, use of guys at..............‘........‘...”.........1212-&
Applances, household, def, PRI S T AR e e s e e SO e DT
Application of orders PR sy s eSS0 100, See, 110, 120, Sec. 130
Approved materials R s R T
Arc lamps and constant-current series lampsg,
E disconnecting deviee of
automatic cut-outs for ineandescent lamps.................,...13'63-3—5
Euarding Ias'a'a
resistors and regulators of. Fiier
BUPDOrts of ...,......
wiring of ...,
Arcing shields
Arecing and suddenly moving parts. ...,
Armored cable, def.........‘............,.....................10-20-:36]. G-¢
bends in 1332«o
broken surface at outlets,. vivewas 18348en
In damp Ioca.tlo_ns.............‘....‘..‘,...............‘......13324
insulation of wires e S e e R T T
joints and splices of wires. . . SRy ey o 184061
mixed wiring ,.,... 1348-!—1
brotection of cord at outlet boxes, .. ... vews s s o 13461
protection of cord at soelteta. ool i el O e Y
receptacles for portable attachments s (.7
Arresters—=Sea Lightning arresters.
Assembly halls,—See Theatres,
Attachment plugs.—gee Connectors.
Attendance for rotating machines, ..., ... ... senws . See. 110, See, 130, 1403
Authorization for worlk by employes............... P (1)
Automatic, def. ... Al e ol e U L 1020-def. 2
Auto starters.—Sse Fuses, cireuit-breakers and switches.
Averaging, adjacent poles e e o [ [ e
Span lengths ,......... S e i iaan 12422 and e

...... vavne 136320

SRR S b e s TR
R R S e ++:1363¢
: (RSP E P P 1 {1 1 ]
A e visesanaana . 1120-8-2
A veea:1120-d and e, 1351-¢

Bare conductors, See Conductors.
Barriers for, conduetors ..,.....,
station switchboards ........... . . .. . . . R, [
utilization equipment . 8 e S e veweees o 1310-0, 1358-5-8, 1368-0
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Order No.

i v 03 1312-a-2, 1313-c
Bathrooms, grounding equipment b P PR
Battery rooms. See Storage batteries,
St Hlasvsai e Clm NI S RO Ve [tk F 8 G S
Balts, paardlng of & i ievasd i iseialis :
Bends in line. See Angles,
Blocking. See¢ Locking.

r ........ vre s 1243-a
Bolts , ...... G kAl
Ba]tsandScrews......_......... .......... B e W e
Booth for picture miaehine, ... ... vcoveaiis Sereted STy e s
Booth for signal apparatus .........0.0 e
Boxes, Bee also Cut-out boxes and cabinets. Lo VE ol e
il e e e R o, i and |
A SR B Ty 1217-b a: -
Braces for, Crossarmg. ... ... ..« TGt ........ o i)
POIBE i e ARSI ciilns o
ot B S R R e
Brakes for cranes ...... R e L AN T O iy
T s I e A T e B S ¢ T P
T T e e e L AT 3 A AT e, Saraue Gaames o
Buckarm, working and climbing space for...... 12),3 i _1321-“—2‘ pasdiind
Buildings, clearances of conductors from........1 B Atied T g
Buffers for Cranes . ....svsineioeones R
C .............. 13830-3
st S i e S el iy e IV
proupgding of .. oinnen i aeen .
THATANBEOR OFf oo eesnmchnsnmais bhamus

1130 = - = 3’5‘-;}”1‘342-{.3 1343-%, and
1140-a, 1141-a, 1324-g, 13 'y s
'}'&. -]:3.5.'0-1'& ,1351-d J1353, 1368~¢, 136b-c and 4, 1366-¢, 1374-¢, 1878-f
‘s el £}

........... 1219-¢
Cabledservicﬁ]e_ads....t. ........ R A A e
i 2tOrs. : .
s esciirzlsfgrcmduc = vov..1846=g, ¢ and 7, 1866-B, 1:'_1?173-;;62(.i 1382-b
conmn SRl e s )

i L W N e e e S e e e I hovis e
insmilsaétﬂxfmlgzlﬂ-e, 13656-a-3, 1376-a-4, 1375-b-2, 1376-c-2, 1377 31;3 b
iron and steel, dimensions of............ e A_z

B4, OF cenparss _ Wi
supplyglines, grade of conatruction..........1831, 1232,1234, . .izﬂ-d
grounding of ............... o
S S TS e D S e P e i o
messengers for ...... e e i
desesas s i e O e
s e e Sty o
underground, clearances of ..... et e B eIt e B
Protection 0F ... e ieens e T , S Sgpe e
HPACINE OF .. iiavvaniies S ---------- i
Calculation of pole strengths ........ e AT A _‘ B e ke
Canopy ANBRIAIOTS i v9 sisis sy st e s e
sletibas e iRt oy U S D reeE e
control of lamps and MOLOr8. cuvwwes o owvanon ........ e o
Wi o ey o e S L b o L

Casg 8—1020-defs.-6~ = - d-g
e d, 1122-(,‘, 1310 b,_ 1312_, 131 s
£ 0-defs.~6-11-19-23, 1031-e, 1120-d, o i
11;324 1325, 1360-h, 1351-d, 1353, 1358-p and d, 1366-a¢, 1374 a, 1378-f
T 1

i 1256-a

Catenary COnBLIUCELION ..y ui vy siuisieen s i wsss e A i T e

S TEOL N P M i e ey B0

e e RS

Charging panels, of Barages, ..o...o0ue.. e andilse o B

Chestnut poles, specifications for.......-. Saies
BIYSHELR OF o vdisianiban s e e P i ;

s e A
Chief operator ..... i
e e e S
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Order No,
Cinema theafers. See Theaters,
Circuits, def, 1020-def 3
constant-current ........ vk

e e
grade of construction ',.....‘.A..‘............,,1231-d, 1232, 1234

control, protection of DR, ;-
fuses for branch eireuits ., , .. L e S, - e
fuses for motor circuits‘....A.‘..........‘.........,.‘..ladi-c and d

groundinguf,......‘..‘.......,.‘.....1122-aanﬂ b, 1205, 1313-a and &
Euarding of. See Guarding,

identification of

e e R s 1123, 1314
number permitted in conduit T B e i Ry ve0.. 18310
number permitted in meta] SALEVFANE oo sy e e s v 01838
operation of ...

A S S el s ASD) SEDT
brotection of 1032-0,
1120-g, 1131-a, 1143-qa, 1150-¢, 1151~b-2, 1310-4, 1320-b-1, 13567-5-2
Beries cireuity ..,,................,.........1323-a, 1360-7-3
sizeforA.C,matcrs” SR T et ke R RO A - P
size for branch cireunits ., LR TS, | [
size for D, €. motors 7 B R e L
size for vapor ey S e o e G 1362-g

switches for ,....,. .. -1140-b, 1206-g and b, 1324, 1325, 1350-¢
and ¢, 1350-f ang o, 1358-g, 1366-d, 1366-a, 1374-b, 1378-d, 1396-a
Circuit-breakers, See Fuses and eireuit-breakers,
Circular loom, See Flexible tubing,

Clearantes. Sse algo Separation ; Working space; Climbing spage,
conductors, above rails and e e R 1220-2 and b
at supports, from BUDDOCEE . o uvs s seeene. 1231-a, 1222.5
from conductors of another line, .. R I b L
serrasessiees . 12200 and g

from other conductors at erossings. ., ,
from poles of another line. O S L L e
in manholes T s R v ey B0 BR e, A i
longitudinal Tuns, from supports, , . . vesensdereyy ., 1226-0<5, and B
Vertical and lateral, from BUPROTES. «alnaiidiiin e vee s 1221-g, 1226
connections on polaeg e D e S s 1 T e )
duets, from other structures T Fraainn v 1295-d

inereases for, suspension, insulators, . trreecne e, 1220-0 anag d, 12239

high voltage ., .. 1220-band 4, 1222
increases for, large 8ags, . £ T T CR NP e SPRRERG,

fong spans .,...... .. ... Lie e s visivine  1820=b and d, 1285.¢
minimum requirements on pole linea. R s S e
poles, from conductors of another 171 [N e e S ceess 12704, 1287
from hydrants . B O e e T T e
from rails o IOURRPRR, 5 | (22 1262, 1284-0
signal conductors, ahove rails and gmund..‘..........‘..128{!4 and b
from bridges ... i S T o DA R 0T 1
from buildings

SR e e ve  1BER

Ifrom railways conductors e e S S

from signai conductors...,...,. . 1220-¢ and 4, 1223-¢, 1270-¢ angd 7

from supply conductors. . .........,1%20¢ ang d, 1221, 1229, 1223-¢

Supply equipment from sienal equipment. N B ARy S D

trolley contaoct conductors, ahove rails and ground. vediwne 0 1220-g and b

from other wires at crossings, , e N o CICE P . |

Cllmbersors_pura,1nspectionnf.....‘..“....,.‘ T &

Glimblngspacs,def....,..“,.. .......... 5 A R e e s O B B, A

Beneral SR B SOl el b e s S 1214-a and b, 1225
obstructed by conductors, ...,..,..... i

racks
signal lines 72T b o Trreeveatiesasiy . 1225-g and b
supply and signal lines..... voee 1888
supply line only ...‘..........-..”.“...._,......‘_.,;,..H-Zﬁ-a and &
ir

AL 192600, 1215
S e swssviadisessal, 130545
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Order Ne.

Clothing, suitability of ......ccoiiiiiriieranes I T ey b B1Y

Co-efficient of linear expansion, copper, iron arul stc—,el. [ —

Collector wires. See Trolley wires, cranes,

Common use of poles, conductor size and sags..... e e &2 T
grade of construection....... A LR AT Li...1251, 1252, 1254-b
relative levels A BT IBEDTR i ion by ese i ecatatoe e o AT R e g A T D and b
trolley contact conductors ......vievevnires b = L s 1254-d

Compression ratio, stael............‘.....‘.‘...‘.”.,..‘.....1248-a and f

Conorete POIBH ....oiisianreaiaan e d i tsiaii. PR O SN e

Conductors, def, ...... ccnnes A e e R s ol
allowahle number on poles ........ App B-3

suppm-tedbygnys‘.......‘..,.‘....‘..., ...... CCApp, B-3
arrangement on supply and signal Hnes.............. SaEa 1 200e
bare, where permisgible. v i iin s 1120 g--! 1310-b-4, 1340-D
carrying eapaeitieg, table .......... il g i e e A AL e A S P =B
clearances of. See Clearances.
fastening stranded wWires .....covcioinieans e e e TR Dng=d
flexible cords ...... R o e A B Al deaniees 1341-R
for armored cable. See Armored cable.
for arc lamps, ete..c.vvveos e T e e &

for concealed wiring. See Knob and tube w‘lring

for conduit work, See Conduit.
..1345-0 and h

for car houses and yards......... A R
TOr CPENBE o ovieimearosomoianssi R e e e P e )
POT BXEUTOH o vonvie vais e animbs g osm vma s s T 13419,1360:1

for metal raceways. See Metal raceways.
for opening wiring. See Open wiring.

for outline lighting ....vivavmaiwsme s et S B o AR TN ... 1365-a
grounded, fuse in ... .00 13519-‘[ 1082-g-2
guarding. See GUATAING .. .....vveviie i e 1297-b
high-voltage CONtact ......eivenes o o ... 1265-4
{dentification of .....oopepeecaan e e e s 1296-b
identifying covering for gmunﬁed w!res e e i 1340-a
fnstallation of .i.cvvveeeeanss e o0 131, See. 132, Sec 133, Sec. 134
insulation of ..... T e e S e e .1218-g, 1226-c

and &, 1274-f, 1342-a-1 and 3, 1342 :‘E-l 13426 13-13 a-1 and 2, 1391-¢
jron and steel, mech. data for........ooiiiiaiiiiiians App. A-B
THOIBEEON OF & ovvren s s s s iay i ...“‘..”.1120-9, 3_10b, 1213
joints and splices In ......coovonennnns S R e Al R voi.1840-2
lateral, clearance of T s e S P e U0 ) e
)3l L e e o e e e e v i 1020-def, 29
Hghtning protection, size and material. . .ven iy oneeen .. 1218-D, 1246-5
loadings, resultant .. ...o. o iisean s et i oA e RN v+ .
TooabIon OF .o i sy ok aiss ol o) s Wi i s e 1221-b, 1223-f, 1296
longltudinal ...... . vicisnraaineas s e e DA S Ly 128 3=0
magnetic forces In oL oiiaii e s Ry MR A S RS T .1120-g-4

material of .....0v0is 1218 1246 -a, 1283-d
mechanical and therms.l injury to,...1120-g, 1226-¢, 1297-a-d@ and 1310-b

of radio signalling a,ppa.ratus...‘.“.....H... ..... Saib e 1393, 1396
OVELIORN 0F 5 sy ol il s v f e e A b s e vee..1141-B, 1361-a
protection of, breaking at crossing...... e TR e i ve. 1266, 1270-8
damp locations .......ovevvciviisines R B S i e 1181, 1372
deteriorating agencies ... ... v ersiiiiadiiiiiia s e JIEERE
fAIHNE WITea ....oicnenssnssnoe b iy i Rl v 14220
falling treed ..ooveepvnonsnenn W S A e s 1226-h, 1287-g
hazardoug locations ......ccvowroorpreieransnrasanns Lan1121, 1312
e e e A e et
supply HNe . ivucvicini il vs sy T I 0 T
reduction in assumed loading, signal lines crossing railways..... 1281
signal lines on joint poles........ ..o e e e .. 1272-d
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rheostat connections .......... e T R A R S e Ordf;4N(lof
BREE, v <1219, 1284, 1245 -0 a.nd d, 1254 -g, 1273~c_. 1283-4, 1286

copper, tables .......... DR vewveasas e s . 1283-d, App, A=1
iron and steel, tables ...,...... R +1283-4d, App. A2
separations Ya
e R DT ’ 12-
gervice Jeads - ..ol e . o T i 1222 kliaih e o
size of, for A. C. mofors........ R .......... B A 1314?9
for branch ecireuits ........ i et SR .’ Skl Ny e .13411“0
for D. (C. MOLETE .in.iiown R s e e 4_b
BT SBIEORIRD oo e e e B Jlgéii
for supply and signal lmea 1218 121.9. 1 ...... {0, 19730,

A 246 B, 125 -
for trolley Gireulis i s es semene o sl
for wvapor lamps R ST ”“113364218

Seds I s e -

signalling systems, of. See Signal wlres
Blaile, LAMEONE DI« oo s s o pats i
storage-hattery rooims ... AR

sti‘essealnA..‘......‘..‘....l..,”.“. ..... 11201i“h‘f
Sy ..... -g-4, 1241, 1281-
stringlngof. ...... NI 2 ::: ARG G e e
supported by trees and roofs............ ;;f§-;
supports for, See also Insulator Ao e N .
e 15 ....... T R e e o 1256-¢, 129%-¢
copper, tables ..... e
iron and steel, tables igﬁ i-i

trolley contact. See Trolley wires,

20 | S S
SRR ST e e B R 1340-¢

twisted ‘
<22 o R s S ”....‘..‘....1234 1283-d, Izsﬁaandb

vertleal [oossmniaia,
weights of, for lines, table, .. g S B

Condgurizﬁn ;i_'ee also Duects, def. .. : .. I. .. .. ’, ‘. .. ‘, .. l. .. ‘. ’. : .. .. ‘. .. ) 7 IOJ;{I; Tjd’e? 2
fei e e o S
wheriai:qii‘ig 1342 1343 Z and Ty 1846 f, I and f 1%0 <0 a.nd 9, A‘pp =C

Coniilon 11{3:1‘:2 C; 1120 g ‘1b131-a, 11‘;0-0, '1.151 b~ 2 1310!: : 1321-@1 1'357~g 2

AT : ,.‘luzodef?

avo[dz_mceof...‘..‘.,..‘........
ade of construction for..... T
Connections, attaching to live parts. “”H“”lz“ oy 1252 o

Connectors of, flexible cords......... i e
DibMogavames’l . ... = 1346-9.113-11(1}
o AL e e o e e o A voens w 1382-B
theater stages m“

Constant-current circuits. See also S\eries eir cuIt.s. R S AR 1377}.-;5. ':

grade of construction for ........
Constant-current lamps. See Arc lamps, S o ARE R
Construction, character of

new ...... e T e s L 1010
reconsiruction, def, 1020-def 5
temporary ........ ’ 1020de£ o

ganiaclt conductors. See a.lsc- Trolley wires. : “ ‘. SV 1355:: a,:lgng

ontrol, remote ......... SR e e e

Control cireuits, protection of ...... ...-..1120&31 135?51&11%8

LR E ot S T T B e el =0

Control, of cranes ,..... 1368

of moters and generators .......
el vewswvisewescaen 1160, 1357<6, @ and «

Controllers. See also Reslstmaacce ‘‘‘‘ s i
i dicMn: ‘“..‘...“l.,..“.:'sja{i;fl?ltyof ................ v no1356-a
et R : A R AT T Al R b .‘....._....:;255-!:

e A e AL S e s b =8
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ding of .1120-{1ji13;§-a
guari Ay e e o
IMHRAIBE - oi e ......... e
POEIHEOTE O v s e s s biata pap Ao e e e
reverse-phase relays ..........000 et L Ty e Sl
Theostat connections ............ R Rl .. 3Tk gy Sl e
Capper. See also Conductors, mechanmal data for. R Apf.zd‘%—d
yield point ..., 1 L e S e e e D, = 12335
Copper-covered steel conductors .......... P - s vy B

Cords, flexible, See Flexible cords.
portable, See Flexible cords.

" 3 954,
Corrosion, See also Deteriorating agencies........ R rae e 1248 43.1129833-::
Covers for manholes ........-.. s S i Eole S 12?5_1?
[BF 1 b T M A g e e g e e el D e, £ ”':‘t.“_”_‘_ﬂss-g
Cranes, controllerg of . ovevimmeiaan 1353.5
BEAMES s sl v s s e st i
|2375 7.3 o BRSPS R R T SN e et i b e e e _-“ :
fuses and circuit-breakers for,..... bearayaiits AT e e g iy e 1358-c-1 1:3;151:;—!
ETCURATHE | OF e s s v A s W e AR e
EHATAIRE (OF s vmans e ai s A i b LN s s TRV i
hoists, limit switch for....... A T R e
reverse-phase relays fOr ..o vovuvman e saaaiies “““””'1.353-0—2'
EYILCHER TOT: - o il et ante s este R R e B SE A . .3.5.8“1’_1 i . ana' 2
e o e
support‘l::f. SR O e T ..1358-b-4, 5, 7, 8 and lg
e
Creogote, preserving treatment for poles.......... e welas s Ly i?f’?:bBa. na <
Crosgarms, bracing for ....... .. ‘. '. : .. .. : ‘. .. .. .......... iglq_ﬂ’ e
;iou;)ileg.t;f. ..... A e 1242, 1248-b, 1249-0
oading of i aal T G AT A S e R i
location of Hibw e e 1245 e
?&:ﬁ;&l i e e 1217-D, 1249-:», 1272-¢, 1283;;
......... e A ‘ o

Apecia] G880 yonrow aine e aieie s s ol ] L. 1248- o
Crossings, average span length and strength not applicable, . ........ Sl
ergdlen. Bt U8 0L 55 e e s e = 123{!4’
double ....: o B N s L M P e L
gradeol constemetion: o i i e b 01230, 1264{[;“:
reduction for seleeted poles no‘t applcable. Gnm il s ,1.2‘6‘7. ’1375-5
short span construction 123‘. 12,80 s
Slenal Jines OVer FAllWAFE .« rawsvomrimis ra ms b e ki siw 5a 5, y s
over supply lines ..... s R R b TR T A o . .2..3.5 i

over trolley contact conductors .......ovsvewesrvan e 5 o

wider: TallWays  uesiee e e e e wl e o WA e TS A L ]

supply. lines over railways.......civoove..o. 1233, 12566-0, 1261, 1270-¢
over supply lnes .......c..couveaaioeaienn 21281, 1282, 1251, 1252

68

under railways ... oo 1234121720_0

with slgnal Mnes .. ..0ccincaniisa ‘1233-[;.-

Crogeing apan, ETRGINE OF ovme e s peiie ey s s ””“”””“”12-82-5‘

TENEEN (0BT e et s ok e 9N (s ol Ak e e G R P b e ..1211-_

EICEEN TR s i a1 b ks R AR AR :
Current-carrying parta, @6l ..o v seies eeiviss s ae e .1020-def.

1120 1121 1904 1310, 1312 1350 h, :
Eua”fé‘;i;f 1354, 1363-6, 1-56'? -b, 1368-¢, 1374, 1375-e, 1382-p, 1392-b
1 T e A e s e S e v ow i 1120-a, 1204-a, 1310;(;
working space about ..... llgo-ai?,i?‘ﬁ-d
Current collectors, in car houses and storage yards..........c.e0. 1 1 .
Clirrent transfornrerd, bridging 6 ... o e smmmm e e s m s s 3o nos s
grounding of .....ieienan '1151-11-2,
BUATHITE T OF i v v ruiaiea ans o a e s Wil s e n e A A i e
Cut-out boxes and cabinets. See Cabinets. -
Cypress poles, specification for ........... A e e ipp ¥
Thr b b s S S NN S S e N T 5
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Order No.
Damp places. See Hazardous locations,

Danger signs ....... A el ot R 1

Dangerous conditions, See Defects’; hazardaus loca.tlons
Dead, def. .........

iy A A o R T e S A B P e 1020-def. 9
Dead ends, strength of constructmn 3 e o S sEa 12494, 1250-¢

Use 0L BUYE AL o wwins v ol i Oy U 1
Dead-front switchboards .............. ST 1120@&11(1 e, 1i42 1374
Decorative lighting L T S S S e e BB
Defective equipment ........... .. e R R e R T e 1012
Defactsofwoodpoiea..“....,.,.‘.,..”..,.‘. .......... PN R - |

5 101 LT e O S L R i TR 1
Ds,ﬂmtjonsofspecialtermsH.,.‘ s e e e e v T e ED2D
Deflecting SUPDOrts, U8e of SUYS OM.........0ens.'n... P o 1818-@
Deﬂectlonpfsupports..A.......‘....‘..A....‘.....‘..‘.,‘..124{1@,1230-s

Deformation of supports ...... 4 creseaasn . 1240-g, 1280-p
Depreeiation, wood poles Sty emaedsyies s e v e e 12841, CADD. B5
Depth of setting of poles

U e R el edivedasae. 1288-0, App. B-4

Dasign and construction, lines and B PN eE L 7 S i ee et o e e
Deteriorating agencies ......... e A T e e 1124
Diagrams, connections on swrtchboards ST, & e e T vos i 11428-d-2
of organization for chief operator. .. e T o e T U i g s 1 i 1
Diameters of copper, iron and steel conductors. R e ey cApp, A4
Dimmers, inclosure of , ... g, 1 N5 N i S S R A voaee 18740
switehes of .., ....... e e R 1%, [
Disconnectors. See also Switches def, iy T A AR e e .102[] def, 10
blades dead when open ...,..... Sty 11 L)
AANBRIR s Mwwetacari gy e Sy x i IR el o 1350-e

identification K 51 N S S P e 1% it S 1
where reguired o S e s 1 o i
Double crossarms fhresse s s ead ouees 2 1817-0, 12456, 1283
Double crossings e e e O e e S s S SR S e AT T
Drainage, of conduit ,,....

P S e .1830-d
for oil-filled apparatus ...... SEE A AARY el b 102[} b2, 1151 1356-a
forstoragebatteries.,...............,..‘....... e coo 114442
of underground systems FE TR et e b e A L eaohioen 1891, 188958

Drainage, of conduit 2SR b ke ] o e e e e e B e e e R R R e

Drainage coils or transformers 8 A AR e g ey S P

Dr_ipluops,of'signalservicea...... e Ty o S B ve o 1391-d
ofsupplyqewices R T A T I e R S s e B 1 1

Dirip pansg, of motors and gensrators
Driven-plpe ground
Duets, def. ,.....

R ety [ X 10 |
e e |-

P L LA e o b mi gt A A R 1020-def, 11
clearances from other structures...... St e s s R N, 1 7
dlssipatiunofhca.tin....‘....., ..... i e e e T Sl S cew oo 1285-7
BRHOMEOF . o (i s e arie s sy e i e B e i 1291

installation of
Joints in
Tocation of .. isiiaiis

,..,.......‘..‘,‘.1131-':! 1255
e .

il e e e e R vaes s 1280-b
material, size 'and flnish .........,... DG Eh e o s e s Wiaiaean Siaad
Beparation between supply and a1gna1 z AT RN RN e 5115

E

Rarth, resistance between grounded part and............ siEE s e L R g
Harthing, See Grounding,

Eddy currents, preecautions ABAINEE ool s e e (134044
Effectiveness of ground CODREOLIONE |\ oo iowaamais st b e areal s Vielvalea IHEB
Elastic limit of copper, iron and LT A 1248-a, 1246-d, App. A-3
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Order No.
Electrie furnaces and welders, glowing parts............ AT R I iz?s-z
guarding ..o ise0onias ey e A ‘”1363 :
hoods,g‘sgglea,etc S e e e e e

S (-
Electric gas Hehting ....ooiceinrssasians 5 o staﬂons f-2
Electric stations and sub-stations. See Supply stations and su
Flectrical supply and signhal lines. See Supply and signal lines.

12
Bleetrical supply equipment ... iiviaen L B e L1020~ dfzflz—s
Electrolysis of anchor rods, protection against. . L e e
Plevation as means of isolation. See Isolation b}r elevation. e
Elevators. See also Blevator code, Reverse-phase protection for. A A-;
Hlongatidn BOPDBY i w e crss S sEilames Seve i S SR i pp.ﬂ12
Employees; acquaintance with operating PUTTRE (5 e esta e A e
instructing of ....... i Mgt e e T R G R A TR R e i
quallfications of ..isvewvienamiasan R S T L e o
regponsibility of foremen . ...iovers e T e o
uninstructed workmen ........ s s e T TR it e
visltors . .o.icas e e e i L A i Tl f e e o
when two workmen are requuai A gl L e wieie 1371 D .1372
HEmergency, cireuits . ...ocnvnvaas LA e T AL e (1\,1111_0
illumination ....... e e A R s T W et Sl e e
PR e e e e P et e fry s e T e e R Sl e
Equipment, connectlons to a.ccesmbmty ................. . ey i_b‘z;]ldef .
electrical supply ... e e e A e e bt -
grounding of ... S e e A s A e e e 1122-¢, 1813-0
IREENOTE O0F o e aie v sin e sisii e A P e o e e e ST Sec., 103
guarding. See Guarding. ;
fdentification of. See Identification. S
T oot A o e e (L L S e AR [ U
1201Dat10n i e R TR AR s b oL S 1120 1204, 1310
R G e
vete ot e o T R e e e e e e
$§i&t§]::nce A (e A AT L1020-def, 32
......... e el e N A R
et e e AV S
protection of ......., E R e e T e . 1150, ig;;
protective arrangement of ....... T R R T e Selial
aftlization cooneeaaecis A N N AN SRR (UG Y lﬁzo-d;fz 5;
Examples of pole caleulation. i .....oovvvvenvnns e R R e App. _ﬁ g
supported by guys ..... e e T e et b e e .m;:p‘ 131-'2
Exit Hghts, of theateld ..o o eivaidoni e et 137 ,1112_
Hzxits of stations and sub-gtations. ... .. .cavvvines e S - 1:
Explosion proof, def. .......ve s P e A s R i g e lﬂzzlﬂ-dfa.lz -
in hazardous locations ........ e ) N N R 1121, ;5
BExposed, def. ...... R T R T ot . W o van k020-def, 1
F -
Feeders, electric railway. A A Leme 12205, 1223-6, 125:‘;, 12.;12:{1;
Fmerstressofwoodpoles.‘........... ke .. ADD,
Pire-alarm, apparatus. See E}:gna.l apparatus,
lines. See also Signal HOES. . ...oeevinraneenear o 1234-D and ¢ 12;3183
Fire fighting appliances ..... e L N 9 e e s
instructing employes in use Of c..iiicniiiiiiii i s e 12'11-5'
Fires, protecting poles against ... .i.cicicciinu s ornsi. el e e
First aid, instruction to employees .. ........... L e it P i
sutfits . vveme. St e e e A SSICD A e P e
rile BookE ...oxne A e A e s P e e e 1410, 1411
Fixtures. See also Sockets. sk
CANODIes OF . . aeasmi i s sihe e e s sy S Ay +
canopy insulators ...... e el R L T Y S b 1360—0—13231“3
connection of grounded circult wire. .. .vivvi i niirae, T e
electric gas lighting ..o o0 vinien S e S s i R e

4
:
.y
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Order No.

for gasd-filled IaMPE . .cvoiiesis e v sas s siees s L3010 and b
for outdoors .......... e e e e S e . 1 T
guarding ...... R P e i ey Ry S P AP et B Bt 1B 127 L
Insulation of WirEs . ... ivrevniinnsnn ...“..‘.”......lﬂﬁﬂ-r&‘t and b
insulating JeIntE . vv e ennnbmeies e S maw e pe s cbB 8001 8nd 2
BROET=CITBIITE oo oo scemmaiesna A R SR Sl ALk veenian s 1360-g-2
in show windows ....... T T e o e e e B L e T A A R ]
A s B e S e e P e e S o e e 115 % 11
supports. of .oicaoan. A e i S s s B
pertes elrelity o R T i e e s A s e ST B 0TS
ey DT Y U e R o L Y e M 1360-a, 1360-d-3
wires of different systems ............ e S P . 1[5 &
joints or BpHEES 1 WARS .o .ou .o e sss e s 1A B0-ae6

Pixture studs ........ ... e A S e Tl 1343-m
Flat surfaces, wind pressure on ......

Flevihleeapantt. Fell v iverinr e a e e e b e e s 1020-6-¢
installation of | ..o, i T e P L T el 1332
Flexlble cords, connectors for ...... N e ey e B oL e g 1346-g
connectors in hazardous locatlons .......... e e veee 184844
Aepign Of COBNBOLOTH wwni s inessis osysa gt Caciatiiiae A g8
for portable WOrK .« ..iauywijevssansy et ey e e e 19483
for show WIndows .......ivivienain. P e e O Calaerala e LB DR
BUBTAINE i ais A e ey e e b A e e e R e rAY B b +..1346-R
limitations of use .......... T N T A L3S sl S RN ... 1846-0
of heating devices ..,.... a4k M R R vev:1367-a-1
of public garages ...... e e vt N S e TN (- 5 LA

L e L r
protection of cord at outlet BOXeS: .. - viu. i ik aiveiis v v 1346

protection of cord at sockets. -..... AT el Ay WA T e LS B
receptacles for portahle attachments e e e T E e P AP ALY 1t
Bimah off e L S N N T e b A Rt (e 15
atraln at connections ...... e | X i L N veulddti-e
IR § Ut e WA S N S e R €T {1
lexible 1Ine. SUBBOPES . ooy s s sl b s s s s s e e 124%-a
¥lexible tubing, for concealed knob and tube work. R Srag e e e SR et I 1%
for condult work ...... R e e e N Tk 1342-q-4
Floor openings, guarding of ..........e.us R e S 1112-p
2 Lo g AT o e e s e s M o e S B RPN & [ 1
Floors in storage-battery rooms ........... W i i PR Iy Y

insulating. See Mats.
Furnaces. See under Electric Furnaces and welders, 3
Fuged Y0SetleH o cvivuinne s iny o S AU T T S S o e e 1352-¢

Fuses and eireuit-breakers, arcing and suddenly moving parts.....

....... A e e e s e PR Rt G T B T
e T T e e i wiry s s e s R BEE
For: BIARcheattFONTER fow v v s m o s v s R e LD
L4358 7T B S e e e S A IEe Bnd d
LOT AEEVIERH. vn v v s v ey s s weevis e s . 1324-a, 1825-c and 4
+for theater and exit Hghts..... S e e A e e e Ees e b ]
gnardaing af ooeiiahi i e Ak e e a1 851 g and e
in neutral wires, ground wires, ete............. PR e N O . o
Interlocking circuit-breakers .......cvveernrrnsnss e D i
JLep a7 A £ AT e e S R B Ser e s e B 1 T
tampering with (fuses) - . ..o.ouveievnwons e B R S
types of fuses required ............ R 1 L LT T k4

WHETE PERUITEH: L, oun s v st G s v s e 11410, 136150

CIREEE: WIPe, 0L v e s o 5 5 ay ate sl ins e b ety s e e N0 B0 HRE BT
Qarages (Public), charging panels of ....c..vvesvenvssnsonsssinese1883-0
CODNOtors of flexible COTAB ... ...iwveveesinay ernshissasinssisc13R%H
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; Order No.
flexible cords Lt e R ARl v e 82
.ﬂonroutletsaf.‘....,..........‘..A. ......... (SO RSCA Ry [ 1 % 1
motors and generators of ..... ezt el vaw i 1383
bortable lamps of e ERATE I e o b s Bl SEER 1388
switchboards of St G R S s L I SR TR v vlsiiye I3 B 3w
wall outlets of ... . CrEr A e A S veaee .. 1381-a
Gas, inflammable, See Hazardous 1
in underground systenss ., ..... .- R e, AT A e TIE T 1292-4
Gas piping, not used for grounding...... A Ve A e il ek vaov a0 1038-0-3
Goggles S e e R e e e s L 2 e e 1368-5, 1408
Generators, sece also Motors.,
deteriorating agencies, guarding against .......... R e T vew 1124
in ERVAERE | o S e e BT e A e S S 1383-p
in ata,tionaA..........‘..,....... ..... o e o vaneiwis o e 1 1B 0
Gloves, insulating ,,, .. PN RERLA R e S O e S s . 1408
Grade of eonstruction required, common uss of poles.‘,....,.........1254~b
joint use ofpolea‘............. ........ teeeenny . 1284, 1892.0, 12730
algnal lines....‘.‘.....‘ ........ Crrereseveesenen.n 1235, 1280-0, 1273
minimum pole BLEES v e e s asses e .. 12830, App. B-4
Supply lines ......‘........‘..,....‘..‘1230—‘1233. 1250-a, 1260, 1270-a
selected poles, minimum sizes T T e R 1244-¢c, App. B-4
Guarding of cerossing span, signal lines at e E s cain v oL ORBEH
Groundclamps”....,.‘..‘ ..... S ferree s 1084-D, 1391 04
Ground connections, artificial ., .. .. =S AR ah e S casee -0 10834, 10340
contact surt‘acoa.......,.......,...,.A..‘ ...... st it 1034-a and b
devicesformaking....‘..,..............,.....“.‘......‘.“. 1406
Bround clamps ..,.....,...... SO S G SR R, 7
methods of makdng oo, N e T R 1 [ |
piping S e S e S R e i e voeex 1033, 1034-a
resistance of s B e S Wk s e S
to building frames Tl B S e iy R v e 10880
to piping systems T e Gl g, o REsE R R e e
to railway returns e i BN iy e i eSS veaea 10082
Ground detectors T e O R L A S e vrrnae 11489
Ground resistance, checkinguf.‘.......‘..........‘..‘... ..... vo+=1085-B
HNHE OF o e e e e S L e 1) -3 18-
Grounded, def. ,.... . 1020~def 17
cunducters,continuityof...‘..‘. ..... A e R T o
fusing 'of , ... B e B e e L e e e 1032-4-2
installation uflﬂa?., 1340-a
Debtnanenthy, def. <.y, ..., e sy e e e c1020:d08, 38
nae ot awitehion yoo Lo, L L e B et 1 L ey
Grounded supports, insulators on ................. R e s s 1840
Gmundedsyatem,def,.,......,..,... ..... e 1) M
Ground conductors, attaching of ...... <. 1081-a and b, 1391-h, 1423-b, 1428
CADACUEYGE v vvaie i s ol AR s T e R A e s e (D
QOUUNBIEDE s i SRR O e N 1
SURTERE N o e e e e ST [/ )
forgjruunddetectm-a.........,.. .......... e R S 1081-d
for lightning arrestors e e e TR ceeaan 103144, 1032-b-2, 1032-¢, 1036
for portables ,,..... e e e O i o e e Vi e i s o e L e
fusing of A e e R S Nl s 10824a-2
guardingaga.instcontact...‘ ..... P AR oot e o e T e D e
insulation of ..... sy B8 8S0
Hne, for lightning PROSEELIDN o oh g s o i s T PR,
material................‘. ...... Lol AR Gl vreea s 10820
mechanical protection of1033-c
separate, in different eases R e A e e RS e e g e
sizecf..‘...,.................‘ ,,,,,, el R e L
swltchesof......‘..A,.‘..,..,.‘..‘..‘..‘..”.‘.....,‘....‘.1032-43—3
vertieal =
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Order No.
supply L e A e A 1205-5, 1274-g
A --1122-a, 1313-¢ and b
e S T 1313-¢
O e R ceviene e 112200 181320

furnace frames e Wt ;3311338
e -¢

fuaecases..........‘... B

8round detectorg e ........ B %5;23“;

guards G LR R e e el
TR e e S e 1225 180 al,

Euys
ingtrument transformers ! hdie | B .1213“01?121:5

Hehting fxtures .,,, (17T
]Ightnin-g arresterg ‘_ e EATAS ik, e )
machine i T i «.1122.9
methods of e B N ..‘.1122-1‘; 13113-;
nentralconductors.......‘. ’ ec P

.ncncu-rrent—cm'rying pParts i sty 11132123% e
orders requiring it .. .1122, '1:1'4'2'-5' e (;cé 1313~

G-munding, cable Sheaths,
cireuits |, . o
-conduit.....‘................A.

Granes: o,
devices ,,, . . . . .
equipment

1267, 1313 135.8'-;1; ISEii)c . ldﬁﬁ— 3
Portahle device's O ,,. e Womat Il B 1394i311i95
2 e e g R d-c

services, conduit of

signal lineg and equipment
signg ., .

G ET R i
SR s e 13%1-g-n, 1392 1396

Supports at railway m:os‘s.iné; .. ; g e ‘lﬂsg;.ii-g

BWitchboarg frames , . . T e 1122
tra o : 2l o NG ey e AR T et v gy @
we:z;}t;:;:l .cases and ecireuitg TR Gtk i 11225 and €, 1313-¢
e : il s b rivey  1818-g-2
for stations
Separate, iy different cages , ., A
tests fop
for utilization equipment

A e o TN
i thavwsain . T0RE

e Mo <0 1313, 1366-c-3, 1381-g ang %, 1392, 1398
gy - ........ .122.5-05,1012206?_, 1275
_Gua.r-'ding‘. arcing and sparking Darts | .o ¥ T Wl ] “daf:’ e
are lamps . Yoardees e o ;33;;-;

baraparts.‘..........
S 11209' and h, 1310-p and ¢

10324 1159‘.;.;"1'1'33[1;"1'1'5'6'5"1‘1'5'”'"'"“'”'""”""
A A g, 1-b-2, 131p- ~B- g
curl'e_nt transformer secondaries | | , 3,0 v - “67_9"2
detez—-mra,ting agencies, againgt I o e e 2 1151:;:
equipment . 1
Phalii uznua, 1310-g, 1311-¢
- i e 1368-{'

o Rl ] Ve ey 1121, 1819
line equipment on peles . . i ....... “”””“””“llsz
live parts in storaga battery rm:rms‘..,.“.,.,.‘. ...‘..‘......‘,122’4—&
of connectors ; e A
of eraneg ”..““”‘”“”“:‘i.‘ulw-}rl
of fixtures ., | ””“““”””1328»&_6
afrotatingequinment s 1:50@;
of signal eduipment 13?;}_3;
of signs .
of station equipment ,, ., . e .. .. .. : ,‘ .. .. i 02-1
of storage batieriog SR S B S A S S 11;100
ofsupply ling equipment.‘.... i
af switehboards “..”.”“1204.} e ﬁg?b
of switches, fuses and slraiis 1 LA T B e, oL, & | ¥

lightning arresterg |
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Order No.
el and=h
manholes 1112-b
RO I & e i sy st
DONCHITent=-Carrying PATEE & . ccra v eevmvsmna sy orpoasssus __..:',1351-3
giuddonly mMoving PATEE . «uvvu v om vmav s s vn s e s e T ; .‘””1343%“4
X BN L s e o s i W e  a B B S gt
of Neating devices «uncpicriminireai e ..,....,.,..1112-~b
Guards for, bulldings’ o5 e e A B
ground conductors ......s...o0.a ..... g
(s Lk e ety BRI e LT, S e i
BRORIIOIOR. s voseis i o e e s e 8 R e e e
Polen Bnd BOWETH! .\ umurvan e e i) st
protection of traffic 1256-«.
trolleys, at railway ecrossings ..,,...‘..‘.....‘.H.,.‘.‘lzgg‘e’ e
e L] iy e R L o e S e o | i
vertical conﬂuct;ra DI e P S P AT = e 1122&6} e
Guards, groun_din'g'c ...... s : ..””2”:‘1'231.11 e
R hts e e e i AMLn, TAA, 1i0E
d anchors, ’
Guysa.l?glwahle number of conductors ecarried bBy. .. . v rrviny s . .z.z'oifp.-;,nlg :
clearances from, rails or ground .,.... A e el
OLher Wires «ivreie e e e e s = S
HUBPOTER v v dvines st sy iy 1212&
L ERSPARINEE PP, wowionge s e s e b e
Eeneral TegUITEMPNtE TOD  vuiviv i e i e e i sias s e e s e
guards for ....... R e R e P S e R PR A ....”121243.
InElapion BF < liisii s s e e i s s e _”,..‘,‘,.1'2134:. ik
insulators for ssingsizsl—b
e s e e AR43-a, 1344-0, 1281
usged with, steel supports 1244-31 ;2381
wood and concrete SUPPOYES . .. wvwvw s s o suiss i
e T I S GO e e
ﬂ::;:?;‘gs 2? gu}'s 121’.—0,, U od, e, flazri(;?;
mechanical guards of 8U¥s .....ooienniiais . [apimr

Hallz. See Theaters.

..... 1020-def. 20
Handhole. Bee Manhiole, def. .. ...crvurimimimnriassass s
FEARAPANI o s e e e S A (T .... Gl e
Hazard, conditions of ......cc.cuiiuvuinn A eyl
Hazardous locationg ........ i R e M pifemnl SR
cﬂn&ucft.onr:lig ........ 1348—1_, 1382-p
edulpuen i R AR VR S A S o St s § L AT Y 1312
L e e Sanh b o
Hehhne  Hebnrai S a oo b pn ) e orl e i A
storage-battery Yooms . ... v.iseavenianaan i e
SR A oL MARMRRY e b s Mg
32 - LT e e e e e e e S

Heating deviees. ‘._.,_.._“1367-0_-1
Bemible SONIE 0 i am s a are e e A e A Aty

e L1367-b
EHardingE of .. .0 vcaessenes ............. P
e Nt I M s %
bbb S e i
Hydrants, clearances of poles fPOM ., ..:vuwieaiis e auwn i s 4

— . —tp—
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I

Order No.
Iee on conductors: See also Loading, ...... ve s 1241, 18432, 1274-¢, 1281
Identification of, circuits B o e e B e o i 1
Erounded conductors .......... e e N s L 1
awitchboards SRR s st e s R D D0
station equipment .......... T s b b N SR L L
utilization BRIpTent: s e s e S e S 1314
Humination, of 425 3 et e S ) S i 3 5 1111
storage-battery rooms , . . . = T e i s 1144-¢
switchboards A O ot e e N A T [ ) [y {017
tIleaters..,.‘..A.......‘. ...... T e S 1371, 1378, 1373
utilization equipment. See Industrial Lighting Code,
Inclosed, def ........ e e o e s v .0 o 1020-def. 22
T T e o e e e B ) L
Inclosure, guarding by, arcing and sparking parts,..... venan . 1141-0, 1361-2
conductors. See also Conduit ey d s e s e D180, 1810-B
live parts’ .oiiiiii.. . R bl e Vs s vewy 1180, 1910
of furnaces and Wealdern oo e i Fon e O i
of rheostats and resistant devices..,... .. )b T s
Trorntessseneaehiens 018546, 1868-q, 1355-¢, 1358-8, 1378-g
of switehboards . . ... L e N e cve.n1120-6, 1354, 1874
of switches R I e seewiae a0 1120-d, 1350-%
transformers B AL (e B e e e Syt .. 1856-n
Inductance, avoidance o e e R R 1340-a
Inflammable gas and flyings, See Hazardous Location,
Inspection and TRREITE S ROHLS SRR TS e A ST B3

of ground connections

s e e L - e
of protective devices . .

of signal lines R R e O e A S e vien . 1280-d

of supply lines and e tds e L SN D e RIS T P NOR ., | 1 T
Instaliation, methods (s} O R A e A Rl e v e 1011-6
Instructiuns to employees ..... .. G R R R 1401, 1405
Instruments, switchboard e e T e
Instrument transtormers N g R N | £ L
Insulated,def‘........,..‘.‘.. Rt Sreadnreenvias o, o2 1020-def, 24

Insulated mats ang platforms, s Mats.

Insulated wire. Soe Conductors.

Insulating, blankets and shields ., .. ... RS e S Sy R 14086
canoples of fixtures .., ... . s e e R L e U s 11| 1
gloves and wWedring apparel

o R e e Wk e e S e e 1406
Joints, OEfIEEIEE D A L o Y U DI = {1

of aerial signal cables e S i e S T vaws 1891-B

mats, Aoors and platforms ,. ., ... .. trnes e eies o 1120-B and e, 1406
tools RSSO R R N A e e e T e e e sy D
Insulation, def, .. ... ST R S s R ra »«1020-def, 25

of eonductors
1130, 1131-¢, 1321-¢, 1342-q-1, g-

of lighting fixtures ,. .. iy e

of machines

3, &1 and e, 1843-g-1 and 2, 1391-¢
S .1818-g-2, 1360-¢

S e SR e DR 2o 1120-B, 1357-g
Dfaignaleq.ulpment......‘...,.A..‘....‘... ,,,,,, e i
of terminal bases BRI e N B 1 s 4
of vertical and lateral conductors. . ,....,. Ferhes s 182680 and d

Insulators, for conductors . ... ...

ATt ceee-s 1130, 1321-0-3 and 'b-2, 1330-1-2, 1343-d, e, 4, k and I
for guys . e ot ey e A

g R e 1 b B
cemsn s evies s 1288<B and e
.......... veieue . 121859

A e S e e e v an o AR R
for supply lines ..., i O [

for suspension ropes TREemame s s e . . o 18130, 186840 and @
Suspension, inereased clearances for e e ++1220-b and 4, 1222-b

for signal lines ..,
for span wires
for storage batteries

——
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Order No.
Intensities of illumination. See also Industrial Lighting Code. .. 1020&;%;
Isolated, def. ......0.u0. f ..... Lt ot
Isolation, by elevation, def. ........, (e e P
of ctllrren-t-c'arrying' 11 3 El e e 1120 ar, 1204 =ik, _;l.:;]é:?
signal lines 11“;?’
SEOTREE  DHIEEIIER ... vue e s o s i e e ;
Suddenly DIOVERE BEEER: ¢ i e s e . .1120-¢ and e, }:gé.:
IPAOHEAPTIOTR! &y s ms vasanis s e i A e Pl e i

Joint uge, of manholes ..... S i e Al e e e e 1230-‘1};:25
of poles, avoldance of conflict ....... et Ly B 7l o
by eabled lines: ....c.euvervris 7 B G 1272 e
by opert HIBE . ..oivusinios o o e e e et R e ,]272_3!
clearances, separations and relative levels ............... e .1225_0
CHMbDING BPaes i iz e 1”29
conductor supports ........hi...s. s e T e B ‘12?33
extensions ..... e T e TG 03 D MO R B o e e
grade of construction .,..... 1272_6
i el L e g
BEPENELN BT DOVEH: 40 s st als core st s i el a5 vt 4 i
transverse strength ... ivivivieass RS g U b 1.?;&(;-.9“139.1-1;
Jolnts, INBRIANE oo s s s s . T U BT LT 1331-34 i
in conductors, taping of ............ e e e R d e it ,‘12.95-9
I duets el s AL A Al e Ay T oA ...‘..‘.....13304
Junction boxes ......... el I, e

Keys. ‘ e
of radio signaling apparatils ... i s e ss sn e s in s ee s N

Knob and tube wiring (Concealed), Stk
avoidance of inductance ............. s b S ”.”“.”1343m
broken surface af outlets .....,... .‘..‘..‘......,.‘...‘......1.343_?;_4
PIERITERR INATOR ool mis 63 b i e s e e s
flexible tubing ........ e e e .............‘.....:.1350_0
HUsh SWITENBE: v ismiiavi v e e s p o e iy o 1343'0
R v U e e e e e e R e P P pessdlidne
in plaster ..... H b et o e el e Y -
Insylation and brajd ......... I o S S s “”,ii;i%-iz
JoInts and BplCEs OF WITEE ... e i s e e s s ama ........:.”._1“3_]
mized wirlng ....o0..x S
protection of cord at outlet BOXEs: i i ”.1346-}1:
protection of cord at sockets ...i...oiiinn ”“.“”“”'“.””13454
recepiacles for portable attachments 1343_6_2
CIATOR R Rt ey e o N e RS .“”””::1343-3_3
3 25 1 - e O e S S ..‘.............‘,..A....:ngﬂ-e-l
iyl L S T Sk S e e e o
BHELRCE EMRDEWIIRRRA e oAt e s e R e e e e e i
2 G ) L R AR ....‘.‘...‘..”.......-.1343‘}6
Wwirea entering cabinets .......iiviv.ea,in ”“”'“‘“““””13434,2
wires passing through walls and foorS. i er cr it enernan

A T A G 2 B
Ladders, for signs .. vy divehaiedvisisin

e & o
el s e T S R el
Ladder space on buwilding ......c00... e e s
Lamp sockets, See Sockets.
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Order No.
Lamps. See also Series lamps,

clearance of, on jointly used poles, ,
dmconnectors LOR =i
for garages
gas-filled incandescent AU B 1361
handling of ,......... A N ik e L1218-B
Tor hazardous Iocatlons 1121 1312 1144-e
location of L SO e e el S U R S ‘...‘,,.1111?3 1216-a
materials of suspension for S I AL B s ok L cewew1216-B, 136%3.¢
mercur}'vapurlamps.......,.‘...........‘....,,.‘ ...... S £
on poles and towers .....,... D TR
ins-tations.....‘......,............. e e e DA (4
in theaters D18 s e R N R R e 1373, 13?.:, 1371, 13?8b 13789-¢
FEPOE et e e Ve R R e s T

Lateral conductor. See Couducturs def. 1030 =def, 27

Lateral working space. See Working space, def. ... .. v deve o 1020-def. 28

Laterals from underground systems ... e e e S P 11 oo

Latticed structures .. A ST e (L L -

Lead sheathed wire
in eonduit in Aamip plaices oo, S I R R W L1330-d
forhighpateutlals .‘...,“‘..l'fiﬁ?gﬂ

Levels, arrangement of ralative ... e e 188 0Re, 187 32a

Levers, protection from suddenly movmg See Arcing and suddenly
moving parts,

Lighting. See also Illumination,
decorative, See Decorative lighting,
outline. See Outline lighting.

Lighting Fixtures, exposed live DAXtE O . o 1360-d
grounding of ..., .. . ... .‘.,.1313-0, ]312:12 1360-¢
Buarding of ..,..... SR, 5
installation of 5 e S R |61
in stations ., S e A e o S T T P R TR N 512
insulation of .. ... .. R e e e e

Lightning arresters, for car housca and yards....,.”...‘.......H.‘.1345-o
choke: coilg for .. e . DTS i [
discennecting of U T e B S L e L1143-¢
Bround conduectors for,...... 1031 d, 1{332 b-2 1032 -0, 1122.¢
location on poles and tower G M DIE EE S 5
for serviceg R A e e mm ey A B B
location in stations S SN e e g e s e
where required in stations 1143-a

Lightning protection wires, See also Ground wires. . . vaeen 12184 1246-5
clearanees of | e 0 e T R S 1y s b

Lightning rods, gruund connection for.,................. ceranve s . 1086-0
Line conductor, def. S e ameesies e, 10200det. 29
Lines. See also Supply and signal lmea live lines.
construction of, general
isolation of .
open; def- ...

e e S 12735
.‘......1216 1363-a
R e e W e e DB B

TR P [+ 1 |
T B e e 1.1 |

S e e e e e B lozudef 34
out of service ,..,. R S G AT e S 203

Live lines, handling of .. BTN o s 1404 1405 1406
not worked on, clearances of verhcal and lateral conductors from, 1226
climbmg.s,paceaf.................... e e
vel:tmalsepamtwn.....‘........................‘......‘.12233
permlssiontoworkon byemp‘oyees......‘.........‘..‘..‘...‘. 1420
reporting clear .,.,... e S o 1420
Live parts. See also Currentca.rrying pa:ts, L O e .1020-1
care about, by employees .1401 1408, 1424
handling of. Seea.lsoLivelines.‘...............‘,.”,. 1424;&
underground, guarding of , e L N D e S
workmgon.‘.................................,.........‘.... 1424
working space about ......... seaeenn . 1120-a, 1811
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Order No.

Loading for, flat surfaces ..........oeennemeen TR e e S i.:::-g
latticed BITUCEUYE .. -asvsreovanssgsnnsasmein ‘...........‘..,..1231“
signal cables ......... A T L P
slgnal lines, logitudinal .....coouemrarpsnssaneeses .1281-b, App.Ai

EPATISVOLSE. v o vea s i bl s by Sainfesanlsuiportoe .‘1281 -0, Ap?é?ﬁa
SUBDIY GADIGE o s s s s s s e A s s R
supply lines, longitudinal .......cocvranmerinrenneee ..1241, App. A-4

transverse 1242. App. B-1

\.rertic::u,l....,..A........H....‘........,12-&2-@,a’;z-mnile,A;::'_:E'rl.sg]l—li

Locking and Blocking ...... ]

Longitudinal conductors or runs. See Racks. i i

Longitudinal loading, table .. ..oveavnsvambraranaonn. .......281;1;}237?&

Longitudinal strength of signal Bnescosesbi s, 12306 ) )
of supply conductora‘.....................,..”.‘..‘..‘.iééé.‘mmn
of supply lines, special reguirements........cocoivraen y 3]

Loom. See Flexible tubing. i

Lcopa,subscriber’ssignal..,‘.....‘....,.....‘.‘..,........i.l.si];é.mm_d

Low-voltage protection . ... ovoveesnsnsrs s s st SR 3

Machines, rotating ....... e bl e TR e AT 1120-b, 1158, 1357

tOS...<..‘.‘...‘.-....”..v..,...<».-- ==
Ma.gnet‘lc forces on econductor 1120-g 4

Maintenance and FePAITE ... ersrrrssiraseau sty e
signal TRSS i owiihs pslos s wassiens s s s . e A e e N
Manholes and handholes, def, o R e e o v wneee s 1020-def. 30

.1283-a

covers for ....osavgeeans e e SR R
dimengions of ...... e e };23_3
b L e e R e o O e S X ”12.92_7,
entrance 20 oosioeas s s mn e P o e e e ey R ”1293-5
EUATAS FOT i vuissanim sas oy nas ams s s s T SR S o “12954
FOINEIY UM i vw v e e o e e e e S S ....,.‘1290-0
TOCERION OF i et o fe an vam s s v e v e e v Ay

minimum strength nf ..... 1292-a

openings, clearances of ........cccouenins
supporting cables N . ...i.iapaiiie i SR
ventilation of .. .. e e A Esoah B e e A e o
Manual, def. ...... S e o e AN e i
Manufacturing processes in stations .........cceepcceiiiaeens 1101,12113101
Marking of polea .. .. v R T e e e R 1204-¢, -2
Mats, floors and platforms mauIa.tmg, as guards for o
live parts of machines ..... e o g T i S e R 1120~
glgnal apparatus ......... A ey e e e e
e e e o e S o1120-a-1
gtation equipment .......... M e
switchb::rds . e (L e R
, e
Materialg, Spproved ....iceeevessppan s nnangsns et - e
Mechanical data, copper, iron and steel WS v v v wm s b o APD.
Mechanical protection of conduetorS.........o.oroernie. i
1082-c, 1120-g, 1180, 1131-a, 1160-¢, 11511:2 1310b 1321731 35-’1;49&
Mern at Work tagB . .ovoeivsssaromrnansiistiaes s . “.“““-12'33»_}‘
Messengers, required for signal cable”“”“”'”H”“.””‘””.“121‘4»5
supply Gable s.weiaiisnpeamorn e ionbas s =
twisted palr signal conductors 12833%012;]:53
Metu.lea.binets,generalrequlrements....‘..,..‘.....‘..,..A...‘ 5
Metal molding. See Metal raceways. S
Metal poles, See 8150 POleS .. ..o oot .._..‘......”.1205-5
Grounding of ... .. svesssassnssve et .”“”“‘::‘.::12%-!:
BUATHINE OF wousnmetarns v bgpeisssiopnnnly sdseanspiesev e
186 OF EUYS WIER . .oovssspsencanrsaniossenenssnaamin e

e ATy o i
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Order No.
Metal raceways, circuits, number permitted in.......... ceale s s 8800

B e e e S T e e A s v...1333-b
L e e D S i e e L U S 1G20-def, 40
ﬂttlns'afor‘nranchtans..‘....‘..‘.... ....... e cva1342-d-3
floors, pasaing tHrOUMEIL . .0 v iman e vnsas s sesssnsessnsis vv01833-0-1
JORHEION e i s v s n s et S o e A A AR S R e e
partitions, Dassing thEOUER «.oc i v wsisen il s daliiaiease ven e 1333-0-2
e i T e e s i vk naaawe s 1342-3-2
screws and bolts for ........... T i T e s e e
wizes, ineulation of . ihas e anii s sk . i o e A g 2
Metal-sheath cable
in conduit in damp places ....... ; viaew s 1330
Tor- High-potentials .. ..ceosmes i Soen s R o AR v e 185T-g-2
of Aignal systems .. oves s e b e s o R e e .1381-b
MELET TO0PE 50l e s s s e b A e ey 1343-p-1
Meters, use of switch With ... i iineonnss e alea e R veeans 13240
grounding of ... ve00. e et Rl L W, e L e B T o
Meters, water, ground connectl.ona HOBY. . vvvn AT T s A v e 1084-a
ghunting of .......co0ueus
Minor tracks, liast of ..
MO WEREIIE oot s astosioerdia o s s a e G st e e e 1343-1
Modulus of elasticity, copper, iron and steel. ... .........0. ceveas ADp. A3
Molding. See Metal raceways.
Motors and generators. See also Generators, bushings and bases of...1857-a
10 3 T O 5 A M i N TR e e i e ves183574b-1
in garages ..... e R T e e e e b e 1383-B
grounding of ....... Ve 18136
AR T T e e e R S S el el a1 0sa
BURYdS fOr ool vaa e c AT
high potentia], Wirlnp of ik i arios e ot e e wisimimmen s e L
low voltage, protection of ...........
TeVerse-phase ralays TOT . .. wn e s mn e s ey e b b e 1357-g
in stations . T
for series-multiple opuatmn
speed limitation of ....
of utilization installations
weade field oo
wiripg Fowr: g b A o M e e
Motion Picture Machines. See Thea.tera
Motion-picture Theaters. See Theaters.
Movable eguipment ,......
Moving parts, guarding of
Multiple connections, underground an‘pamtus £
Multiple grounds ........

R B I 5
..... e S WA R e e T M P N S 1 S |
..1841-b, ¢ and d, 1367-e

vawaens 1209

Neutral conductors, grounding of i 2 1081-a-1, 1031-p-2
IRTIBEATION: DE i s viisotsstae A e e S e e . 1340-0
use of fuses and clrcmt-breakels O s arae el ety e i g s 108 2=q-2

New constructlon ...c.uvvieiinin, e e S T e s coe o 1020-d6f, 33

Non-combustible construction e i 1141-¢-3,

. A1142-b, -2 and e-2, 1143- b, 1151-a, 1353-a, 1356-a, 1358-e-2, 1374-0

Neon-eurrent-carrying parts, grounding of........... R S A 1122-¢, 1813-¢

guarding of ....... R e e e 1204-b, 1392-a
RSRONEELEE Of BOTeE e e e e ey e 1204-¢, 1217-¢

Obstruetlon on poles A R s SN e e, st P o i vas-1288-0
Oll-filled apparatus, lightning arresters L E ey o S o o) 1 2005

EWltehen .. .. .0vneann e e T e e e [ 2.1 18, 15 |
R AEEORTONE e el et o o B g R e VAT R 1151-a, 1356~a-2
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Order No.
Omisslon of guys, signal line crossings. .. ..o vrrvivsiasrnns.w.1281-b
Open wiring.
avoldance of INAUGLETICE .. i vs il secie e s orvraiasaasasivss oy Lodl=d
AOZABNAE < vnevsiiw st ik b Ja e p e s sl e e e s e RO A O
Hexible EuBIE «.ov v ssimmmi os R R e b dr £ N £ e
BUHATATRE o soion v s e TR A, Ry o il | PR ST I 1. BT 2
ingulation ..... R A e W A Bk S e e IR RSP . L |
insulation and braid .......00000.. e e I Y B
joints and splices of wires ........ A e R R A e svwwee1340-8-1
e i e s L s 1020-def. 34
geparation of wires ...... e e T e e e e T
geparation from other wires or npipes ..... B e e s vewe o 1348-7
BUDDOYES  vversis sonniin s msos g ios s beyiiasp e oidia uiny it o L NGO voe s 1348-8-2
wires entering cabinel§ ....cveveiops sy A s - 1
wires passing through walls and floors......... AP S e e 1 1 |
broken surface at outlets ...... . . iveinaanas i e e B
I sbleR sl R s e e S st P e
aabged WEARE o oai e wa e e e A (N PR e e e e e AR BT
protection of cords at outlet boxes..... e A e P IS & £ 0
protection of wires at sockets .,.....cociiiieniiinraas PRI &0 10
receptacles for portable attachmenta e T gy e AL, Sl oo 1346-F
surface snap SWItches . ....vvvivvivisaninna ) e L . 1350-0
Outlet boxes and plates........ R e 1330-f 1, 1530 -g, # and 4, 1343-mn
Outline lighting
BADINEEE i m cnsaes w r TE M e et U
Al CEOURBE. .o e amwm e aits e
sockets and receptacles ....... ... ) S
awltehes .. ....onanaas e A ar cewes s o 1860
WIIRE O . oo e i e
Operation of electrical eguipment and lines.
adoption of, by utilities ....... R e ST A A T e R i
distribution and posting of ..... R e i e T o P A e L A0
knowledge of, by employees ,...cievvnasanan T e e . 1412
AT FOEE w s o emeor oo m i o oo s ek B SR A A B R B B
Operator, Chief. See under Chief Operator.
Organization diagram -.....scevvess e SR e VY e

Painting of steel poles and towers......... I L ol L IR o BT

Panelboard, def. e e e R s L oy e
for lighting distribution systems e N e e, 3
for charging in EBATAEES ... .essviesaunyoaes ol i e R A .....13&3-::

Passageways, working space not used as .......... T R e e e R

Pendants. See Flexible cords.

Permanently grounded, def. of ......cvvienuiiireianas WETAN Y

Phase failure. See Reverse phase relays. 2

Phase reversal, See Reverse phase relays.

Pine poleB ..ueiviresneiciin e ey e A e . 6 e - L

Pins, insulator, dimensions of ... ... cieiiiiiiiiiiiiaa veval248-e, 1283-0
e e e S el e P e = Tl 0 B
Strength of «.vovesseeesiinnscss s 1246-d, 1248-b, 1240-g, 1278-c, 12R3-e

PP SR e £ 0 5

,.1033D, 1034-a

1020-def, 37

Pins, structural steel ....caicoiiriiniiiraiiiinas
Pipe connections for groundlng Ry e T o B e U Dol o
Platforms, insulating, See Mats,
Plug connectors, See Connectors.
PIUE-tyPe DOATAS o .voveansniinrssisoasssnssssosesssnes
Pole facp ..ouoes

e .. .1120-¢6
.1020~def. 37
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= Order No.

cleal'&nces. from conduetors. . ... i -1221"@, 1225'5, 122]‘6, 1210, 1287-d
m ydrants SO R B B e e s . Cho .. . 1211~
fro h " . o wie S {3

ot raile i
L 1211-0, 1262, 12824@

deflection and deformation of

depreciation nf........................'.“”“”““”‘”“1249-% g

depth OE BBV 0L il o v et Izﬂsmipp g-i

distance from street corners and e 2 ey

i e

EXDPosure to fired ....uiieiieniane. ”“””1211418;121

i ~d
ns TRAterrsbesrses e e an0 . 1243-0 and 4, 1244-g

guardsfnr.'..............“..‘. i
identification of .. ) 1122?74’
-e

loading ......

B MR o e T e bt Gl

lonigitudma.l strength of, special cages i:i;

oo
HADES O cownns vnihos sesssans s ADD. B5, 1244-b and ¢, 1280-a

minimum size of..........
resisting moment of 1217' pon 1283-6’;—;\1‘% =i

calenlation of ....... .00 A B

{3 T i e A o S
el ‘ T R veeiaa1244-¢, App, B-4
i TS P, - st o
i L R O T N O e S e oo e o)
e R i U P o) S Nl ey BT e
s When used jlomtiy VR e e v L ATRRD, ]2’:‘3-;,: 12?4-:1 and b

esses in, maximum ..., 1243 3

transverse loading on .. ............ -, 1244-a, 1283-g
veriieal Toad BE 6N i e e e ]
L e e e RS G R
i fiber stresses in ............ A 1324:
254 5 5 - SR el e
i i cenerene 1204-d, 1226-¢
Porcelain insulators DO SR
supports for storage batteries & AT ey it o
Poreelain’ terminal B R S s e s
Portable cords. Ses Flexible corde. U S SE e

Portable equipment, def, .
S Vo e e PP —— L1 S

R S R TR

S e e e

in stations ...,.. e e
of utilization matallaf.ions
Preservative treastment . B et e
;’m;letmovera spead hmit for , NN U 1131§0 -
rofecting. See also Guarding, si b and o, 1392 4
station eguipment ... . g’, . gnal fx.p.p.aratus. ’1391 4 andl?lﬁladgasa aﬂ‘?lg
ee,

vertical and longitudinal condu
BborE ol i e
Proteetion against induced voltage ,. Sl b
Protective devices ...,,.. o e
e 1|

seer et e vsinsoees s 1080-def, 14 and 40

.................--‘..........lﬂﬁﬂvdei. 39

e SR 4

Qualification of employees, def,
requirements ...........
Qualified, def., ...

Raceways, See Metal raceways, def,
Racks in manholes .,,......
on supply lines, vertical
climbing space for ...

e vuee..1020-def. 40
Sasdaneeiaae ey, 12210, 1293-g
L S
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Order Mo.
Radio signalling apparatus ......... A A Ly o R A v 1398

receiving stations only ....... R S el e a i T e e L

transmitting BLatlons ....couveomen i P e R L s £
BRadtun of @9ration s v s e by A T e MR A R Ry
Rails.

bonding of . .cuie iz S sl e e G B e T R R - L )

third s .1345-!

clearances of poles from ..‘.....‘.....A..‘........1211—c:, 1262, 1284-¢
Railway construction, electric ... .......0. e A e L AT
Railway crossings. See also Crossings, by electric railways..........12566-¢

;i agsuring against loss of power at......... S e e E Rl e

clearances, of conductors above rails ........... .. 1220-¢ and b, 1260-d

of trolleys above rails ........ T o R A R SR e B 1257

grade of construetion at .......c0 5.0 ...‘..‘........‘....1233, 12356
Rallway, feeders, See Feeders.

ENIEORBOERAR i a5 e s e aialy b e e et e CIRE e i s L L T el
Recelver cords, telebhone ......covrmsvrnnnsninsnnnes e 1392-b-2 and &
Receptacles, plug.

for flexible cords connections . ... e snsaainnsssvesonssiens e bad8f

for portable attachments ............ o e o BT b pe i reied et

where not to be used .....:....« R R e S T T A R el

of outline: Mghting ... iiciisivesiasyos S R A ey R R e s e

(38 A T i e e e e e e e e s e SRR

T A T T I e ST I b S S A e L Gl G
Reconstruction, def. of ....... T e I et -
Reduetion in number of conductors permisaible.

signal lines crossing railways . T R A e e R S e L

signal lines on joint poles with supp]y ¢ - e e e ol [ oy
Redwood poles . ccvivivirnashorvssns e ST R o e e f e e T o ¢, 5
Regulators, induction, on poleg ........... T A e S Sy I T e
Reinforeing poleg ...cevvnssnrsies v O e R A AR T 1244-b and e
Relative levels of Wires ....covvevvnrnnnas vansnssnsssa1280-g, 1254-g and b

on Jointly used poles ...i.oisvivisrisnaanens Tk e 6 e .. 1280-¢, 1272-1
Hemote eontrol oo fos s iise s o S R R 1120-d-1 and 4
Hepalirg, ihspection BOd o, i i i e mie s i e s s e i L7

reporting defeets ......:... e T L e A e S S e e R At & ]
Replacing equipment ........ P P T e e . X T T 21 90 ol B LA
Reporting defects ........ S O e s e 1
R:Emsta.nceufgroundconnectmns ........ Ty e N o
Resistors

OL Rre TR BT bvous i b s e e T R e =3 Lo

5 003 2 vt - B e e R T s oS P S R A e 4

Of BPETNCE! - i e e i e e SR ST a M A R e e e A B R

1 pieture (BoothHA .o s e e e e e S e i L

rheostat connections ......covveveven T A e e D O N e e Gl L6
Resisting moments of Poles .....vevccuinanciaann P NI S el 5« S £ 05
Respongibllity | 0f emMpPIOYRES. v uviwwvonnpssoins s se ey oneesses srtana et A
FLREEOTATIE BMOTWLCE | o oy ee e s o oes e A b 41 s s et P R
Resuscitation, See First Ald.

Rheostats. Ses under Resistors.

Reverpe~-phaps FEIAVE it ses vt aaissis o s AR e o S0
Rights of way, construction on fenced ...... ... ccvu it e .1231-¢
Risers from underground systems ......... Al e e e 1297-4

Erounding of . ....vocvennrones S iy L R S NS oo T
TRETORE e viwie e R T T AT " T e e iy 5 B
Roadways, clearances of wires and cnnductors T D R e

I T L sl e eeate s e e e 1220-a, 1260-d, 1265-¢ and 4, 1257, 1363
Rﬁck sotting of ‘poles in o iies T A cevnsns s ADD Bed
Roofs, attaching conductors to .........ovveivaene..:1210-b, 1228, 1396-a
ROBatten:-FuBbld it s e na e e T e i e rea & po

R e S

Series lamps, See under Are lamps, ete,
Service, def.
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Rotating equipment. el

devices in addition to Speed governor .
Zenerators

..... vy w0 110 0=g=2

limiting speed of D, C, motors 11501?5;35;
-

limiting speed of prime movers, e 1150-a-1
e T e R e e ==

et T e e S ]

e s LT 0 T S e S e e i .llﬁl}-diléﬁﬁg

wiring of speed limitin devie S R C -
e =4 - AR S i s M AR s ‘11150 o
Rubber-covered wire 1342 il

=-1, ciula.nd -

. it e, 13{3 a-1 and 2 1391-0, 1321-¢
Bural districts, def. of o ‘103:([}*:;

S

Safety appliances

Safety belts, inspection of
e LR 1T |

Safety switches ............ e AT e
Batety Eviichen .. “erevencesninin . 1120-d-1 and 4, 1350-% and §

B s “vver . 1020-def, 43, s
x R AT R 1 T

copper conductors, tables .........
mﬂm‘entmsameaumcrm S e e Ty o |
iincma.xedcleara,ncesfor........,.... . YNNIl £ T gi;
ron and steel condu
readjustment of Btﬂl‘ﬂ, fableﬁ .......... e e
slgnal conductors T b gnce e el TrenalBEl Beee
supplyconduetm‘s...,......‘.,‘.“.“”.“” ...... 1.2.4....,1283-41, 1286
it e 6-¢ and ¢, 1954-¢
s o e e e R S e IS s P £ [
onstationa,..fl.f‘.r.u?.n.d.]?ﬁ.‘. W ey )
on storage batteries e ate e
on supply and signal lines .. AN e T
on utilization equipment . ... il o
on signal equipment ..., ... ERe e
Serews and bolts S T
Sealing conduit, hazardous locations .. ..... G
Secondaries, grounding of .,,........ s .1‘]:2.2”””“.13”-!’&
SaIactedpoles...................‘ Ll
e S 12440 App, B-4
o - o A R e i
cxbia Gmtengouea -, 100 1L Thdie, A 5 a1
gonductors. See also Clearances : e e s
horizontal at suppm'tal £y 1343 d R a.nd & 1365%}-7 13911:;?2‘2 1395-0
underground . ............0.. e : oo
where atiached to bridges e e
where attached to buildings ... ... A e
-lines not worked on alive ........ o e e i
wires and equipment on joint poles i 1217222:;

Serles Circuits ,,................
handlingof““mm”m”......................,.1323~a, 1360-7-3
isolation of ,....... . R DA
poEtienlap Lol Tl AR S R R
precaution when working on 1212:&3

veverseaae, 1408

interruption of s
maintenance of, on lines ..... R
restoring ,.....

FEESEA R A s i LOBO=deE. 48
o 1421
cewnes 1421
cerewanssevenas 1481

LG O S O B T T s




276 INDUSTRIAL COMMISSION OF WISCONSIN } ELECTRICAL CODE—INDEX 211

Order No.

Service (supply) leads, size and SAES....... o000 eunnn Vit e L i on joint poles with supply lines,
cabled, size and Sags .......c.000.. e e e el s o avoidance of conflict

Order No.

COMMECLIONA OF iinearin o s mel s ins v i e e s i v e e i 1L gignal lines above supply lines ..

Serviees, crossings of in rural districts...‘........,..A.....‘.......123_2~a supply lines above signal lines .. e
FUIOS ATE aniomsii s s s s R e e A e e 1324 with cabled supply lines . el A
Beparate-io.ench bUMAIng, i uiviilvaiilisieniiie i eamiiee cva s 1320-5 poleai’or..................‘........‘.‘.A....1283m,1288-0,App.B—-i
services of T60=2,500 Wola o . iisiiinmess e sisessssnasseess L0556 rules for, employees BTN e v s s PANE
several to each BUIMIBE . ... vweevnnoeoonnnsves B A R S 5 CEIDIOVENE b i e s e s cvvaPart 4
BWILEHOR BN o covm v v i svise s s S im s O 1824, 1325-0 short-span construction a.tcr053!ngs.......,.....,.............1-287-'\i
Btreet Sertel GITOIIEE. v s s By A et . 1828-a . Specifications .... L R ORI s v s e e e RO B DG 1289
trolley BIYCMILE v rva e e e S e et ... 1323-b used only in operation of supply lines. ..... s L BRI 1280

Services, overhead. Slgns,

QlEATREER. o e R e T e s R e e e g s accessibility of
I IDaRg s e e e e N R e R : connectors of T Ay by T
HTE R T o v s e el S S U S (5 7 grounding uf ....... veess1366-0-3
minimum sizes and sags of leads ...... B S 1219 guarding of .., e ey A
HepaTAtion of WAPBR' &t bw i s e s R R et in stations ... S e e e e e s SRR
BEBIOELE oo vy sy dE s oy S e R e e S g on poles ... reersessessaaaaa, ., 12045, 1229-f
where conduit is reauired ...... S e e e e 1321-b-1 and 2 SuRBIES Semiee S Gl I T e R s P e R (17T

Services, underground, Wwarning and danger e T T e e e R B
protection of wires . ... .. e S A T e DA e g e e ceaneee 1822-0 Slack in overhead conductors Bl S e
gealing Service tHBeS ... ....vvnsvnscnnsens R R ) Slow-burning insulated wires BELEE OO 1 52 5 1343-a-1, 1340-7

BHATURE, BUATEIIE 08 v i vhie en i smb o bt fe e s e PR R B 5 ) Slow-burning weatherproof insulated wire SRR I 1 o P

Shields, Tor SIENal GOTAE: v o v.us wvi b visiaaemts sres o f e sl s b sie ] Snap switches, See Switches, .

Short-span crossing construetion ............ovv.4 SR 1267, 1275-a, 12874 Sockets, connection of identified eonductors to.

Signal equipment, . & for gas-filled lamps .,..,....
bushings at Wire entrances ..., ... vvbessss e o B ) t guarding of live parts
drip 100pS ....... .. AT e e e o v ms s R B . In hazardous locations ,
Coie d LTl S e S T W, e R S R S e s U tarou_tline]ighting.,.,
guarding of current-earrying parts P A i e s 1392-b protection of cords at N A e T e o e [
guarding of non-current-carrying Parts .. .os i iininea e i Spa.ns_._avera.ge_d'...........................,.........‘.......1242-0 to e
insulating joints In: GRBLEs ..o invivivein ey oasiman snisonse ..1391-—!{ increased clearances for long spans. . reveensaa e 1220-0 and @, 1265-¢
BEOLECEODE: cvnnivsninsivi mdiainisisanaidi svs sis s v ate s o e DB g L a8 T length of signal line at railway crossings...‘.“.........1282-&, 1283-a
PEOLECTOT EFOURE WITE < vt it v sl aise sy s e s ain's v ia1391-g | length of supply line ..,... RS MR T e e G (e e e e et e O R
protector ground Connection . ...uve cessvasinonssnin. wainhin e s DAY 1 Span wires; clearances above rails and grouna O T
protection against induced voltages ......... e i 7 { 9learancea on joint poles TSR R e s ey e e e L TR o
radio signaling apparatus. See under Radio signaling apparatus. | insulators for O T e e R LR L e
transformers, ete, ...i.vovvvniis L e e e e e e e 1 B Sparking parts. Seo Arcing.
wires outside buildings ....... T R ) s e e e e e R LD ! Special precautions, supply lines .
wires to protector ....... R R e e s e M A e e S e P Special requirements , . ...

..... voone 128058, 1278
Fieiea. 1273

SR eSS S, 1 0

s 1 o
trasarsea . 1361-B
L e S P, 5 [
bR S e e 4.3

o e e 1 1

i Sr e s an e e s s i e 1868, 1370, 1880
witeg dnelida brbiding, o R i R e S e A R AR Spociﬂcatians,electricra.ilwa.yconstruction.....‘..,....‘. R Y

Slgnal Hnes, Jels L os e e e s e e Pl vewaea s 1020-def. 47 ! sign&llineennatvuction....‘....‘......A.....‘..........Se'c.128,189
AR A e L e M B e ] i e e s 1288 supply line construction HeRLEs e s v o806, 124, 105 1308 Jo8
clagsed ag supply Hnes ......voeivvvns i viennesvsns s 1886-8, 1260 supply astation couatruction...‘....‘..,.............,.....,..Sec, 111
clearances. See Clearances. Speed control and stopping devices. , . . i el o coveeen1150-@ and B, 1357-0
climbing space ...... R N e R R A R .1225-a Splices and connections
conductors. See Conductors. in supply eables
crossing or conflicting with supply lines.........covviinnni 1234, 1287 \ location of, in crossing BRAM G o S e e e A
erossing over trolley contact conductors ....... o.ovu... Emhol e S LE R ! of utilization equipment wiring . ..
crossing railways grade of construction ............. vene+ 1236, 1280-a Spurs. See Climbers,

TERDREHOTE BE b by o kit e b e st s e A, a e LR Stage wiring.
METHTOHANGE 08 < sl e simee i TR R ceves s v o 1280 horders e e Al SR e o e e R e e o ST B
minimum sizes of material ...... s Saa s e aea 1283 ' connectors....................‘.‘...........................13??-!;-2
relation of crossing span to line........ el v b ceo. 1282 equipment of picture BOOYHE - s caissn i s s AR
strength of comstruction .....::vsvvefensvenviaene. . 1280-b, 1281 et Taadin s LI R S L Y 5 T s o i
R RO e s e e AT G G e s s e A S TR footlights e R S L T4
fire-alarm 168 . uveeienn. vapememneeaes s . 1280-3 and e, 1288-a and f house Iight control in picture booths.'........‘...‘..H.........13?8-}‘
grounding, isolating and Drotecting .........cooeoveeveens ceeenos o 1288-f lamps in picture booths e e
Toeation of SIgnal HNGS ...vccvspoeemieranmnssioennaesansis -+ +1206-0 motors for eurtains e e T T

plug receptacles eSS e e s T A e 1 B T B

R e N . )
vawesnves s e 12660
G e R S g, i 0t 1
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Order Mo,
portable arc 1amps .......oo 0000 el e R e e T 1877-a
portable picture MAchines .. ... ceveeeersiaisassrrriasesasnans 1379
portable PIUBEINE DOXES .. vvvevevacnnarrrsssonannnrass Sy 1377=b-1
proseenium HEHES .ovieuvivnirsesiesssasanninsrmsrsrransanaancs 1376-b
rheostats in pleture Booths ....vvivvrvsrsiorasrinrsianorasnass 1378-g
scene docks ......0 e R b e e S S «++1375-d
special electrical eéffects ... ..ccvivvssrinnrrariariiisiasennia, 1376-1
string and festoon lights ......o.veoieriiinerascniiiiiiniinies 1875-e
atrip and bunch HEHi8 ... v.cvcenenersisiscsiiansrresrsesssarnes 1375-¢
gwitches in picture boothS ....ccouvseneinneneisnransnarnnan vea1878-d
ventilating flUes <. iesvursearimraanessbassansrrsspassnasnnssss 1376-b
wiring of picture booths ....... R g LN T S5 3 S M e e ) A 1378-¢
BEATEEEE o ouiessiivnsssrassnnnnsasnasriswanians e 1850-a, 13656
Btatlons, el cusareannssasansiios e e S 1020-14
conBiruction Of ....cecseecicsiisarrars s nessieaneusneionsinnas See. 111
hazardous locations in: ...... T o A S e S AT e B A AT 1121
{dentification of equiDMeEnt .....cocuaiussenssaiassanansssssnnas 1123
(I RALION, OF | . <ot wiuie s s sswre s vins 0w s is n/oin e B b 4K eme s einosas 1111
OREIDOE | = bis i v e o o W o b i e i e 1112-d
protective grounds fOT ... ..cvvveiiresiinanrrrriainanansians i122
BoOPE Of OFAETS .uvvviviaacanarrnmrarrssasssasnnsaasashasiiis Sec. 110
vertllation. OF o oeneneesineveisiannes ATy e e 1110-b; 1144-¢
WOLKINE BPHACE ATl vvevvconesornsassonsnsisarssararessniianss 1120-a-1
Steel conductors, See also Conductors........... 1218, 1219-b, 1246, 1283-d
mechanical data FOP .. ivasnersgevoas s sosssssins ey pos App. A-3
Bteel poles and towers., See also Poles. .. ... vieiannciarsnansnsnan 1243
Steal, yield point of ..ivesreinerivneiienanianisssaisassnsnass e 1243-a
Steps, clearances of vertical conductors from.........oiveeisvnina.- 1226-a
ON THACKITOA . o sme s s bss snsals s alasms wnas e fEa a0 A D e 1120-b-1
7o R e e TR I s e A e e 1204-d
SEODPINE ABVICER: « v visis o s s aiaicass sisie o sisis sais o ainie s g0 0 80 48004 A 1160-b
Storage, in supply statlong ... cccversnasrsrerins i anians i rrae e 1110-a
Storage batteries, guarding live parts of. ... ... cviivniiresrianinns 1120-¢
oL 1| o Rl e e o A o P G o s Sy e g e R ) o 1144
AHUMINAEION OF .. i hlu sy s st s s siaim ey ne anaaia K ads se s sabalilelaoa i 1111
INStallation OF ... ueivisssrenssaalens e nssssssomeinescdsisnas 1144-d
igolation Of .. coneemees PR e e e s il e e 1144.-b
rooms, 1aMpP8 10 . vcvsvunreisesrmrssoronsassnsbsianasssarenetos 1144-e
conductors in ...ieiiereinen ol g e LR 1144-f
31703 o B ) R S e e e P G T e O AL 1144.4
ventilation of ... i i i rnian s e 11d4-¢
Strain insulators, See also Insulators .....ccivvasrsasrararaananan 1247-b
Street apenings, BUArding of .....oveardiiisiiiaaiiarr s ai iy 1422-¢
Street railway crossings, by signal lines .........000000 Bl e e 1235-0
by supply lines ....vesmenssavnnssnes e T A et e 1233-¢
of Tallroads .civissvipeneres e e s a0 R BB AT AT TR LRGN 1256
Strength of, cable MESEENEEIS (... vsvcrnirmsssrntbaninstaasns 1274-¢, 1283-f
CTOSSATINS, v vvvnsvasnsnnios 1217-b and ¢, 1245-b, 1248-b, 1249-a, 1283-b
longitudinal sections of special Brade.......oveisinacsrnsiaraaey 1249
01 S I e e e R e B ] 1246-d, 1248-b, 1249-a, 1272-0
POTEH anws s smnsashossnnssinsoasis 1217-a, 1240-b, 1243-c, 1244, 1288-¢
jointly Hsed ... ocecessevensisnirancinanses 1272-b, 1273-a, 1274-_”0
tranverse, special requireMents ......cerreeniiinaiiiiane 1248
Strength of construetion, See also Grade of construction,
Slectric TAITWAYS v oicshssinvsassnstorsarasssassnntarasinsanes 1266
minimum reguirements for . ...cicsiiiesiiiiaiii i ) 1201
signal lines crossing supply lines........oevvreriionncas 1287-ag, b and ¢
and railways ...cooevcrcaines e AT N e e R o 1287-c
SUDPDIY ineS. v cnirassrenscniins 1240 to 1249, 1250 to 1258, 1260 to 1268
special longitudinal ........ccoqainenaaes 1249, 1250-b and ¢, 1270-g
special tTATSVEDEE L oaeiecrareyesonnessssasssrraterines ee. 1248
supply and signal lines on joint DOTEE . e mms o g v 1270 to 1275

ﬂ

>
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Stresses in, Conductors ... .. e
CODNBE B aR: s v T e e 1245::;11)1 25&1?
ﬁ::;ygsne.tié ................................ 1243-a, 1244-q, 1281-g and b
LelEiaen e e 1112;};3-4
HEBBL L e e S R B R SO AN e 12 43”6
dee U R e ~a
AL e A e e s e 1244-a, 1281- . B-
steel and iron eonductors .. .........eiuienaniinnn. , < iﬁpg z-;
e e DS e g S 1424
SO Wheel st s i i s LT R AT 1243 o
SEUGtyes S daRaraal T e R R e i
Substantial, def
B s b e b SO e e A AR 20~ -
gubstatlons. See Stations. N St
ubways, egquipment in
L e i o & 1 e S e 1120-a-4, 1121,
guﬂdenly moving parts. See Arclug. P
upervision of employees ..................
Supply lines, def. of ................ HD?OZTJ‘E;
e . D EeGalchi s e e -
.................................. 1231, 1232, 1250-
branch connections of .........¢..c.00eiien , ..... ottt gi:
Gabldn; Ieeeiblee,. . . . oS
clearances. See Clearances.
climbing spaee .. ...ovinnennnn.
conductors. See Conduetors, 7 g
crossing or conflicting with signal lines
A8 Of conllicting with signal lines......... 1230-4, 1234, 12
crosging railways, overhead ............. A A e i 1238 12:3' }:;’1!
S oy iR Rl S NS 8 S S ' I 1268
crc;sah;g trolley contact ConAUEtOTS . ......oossns oo 1266-¢0
L e e e :
....................................... 1243, 1244, App. B-
ru]es_ for employers and employess. ... .......ouusrn... ' . i I;jarf;
ahort:pa.n conStruction at CrOSSINES .. ..............ooooon 133’? 1275
BEECHeations: o iiiiiii. e e TELOA540. Beo. 198, Vo g
...................... 1240-1249, .
Supply stations. See Stations, = A S
Supply equipment in factories .......
Supports, conductor. See Insulators, SRS -
for contaet conductors ..........
for rheostats and resiStOFS .. ..........ss.nnnnn e igiz-b
Bl o e e e e e R R 140- ;
Suspension insulators, increased clearax; ............. 1220-b and d,
s i QR EOT. o eis 1220~ -
Suspension material for street FEIIDA. oy v Sy Ezé 5
T o e s e XA i e A 1213 Ia 13163-b
Sy eI e S N S e s e 0 1020-def, 9
e et L ST S e B S s 1350 b
arrangement 1350—
BISdeR 8T WHEN ODER' il it e s s T 135!:!”;
O AT He e RO i e 1350-
A T e S R S R R O S s .133500-8
contact and blade requirements ................ . ........ 135;3
flush type (snap or push) ............... ””“”‘1350
0D AT HONSe BRA TR o s o s i e S 13 454&
TR CRAROR o e i b e o TR 3 -
for wiminigre o L S e s e e s e ;3‘?:-;
for motor starting ............. 13-5(;
AT T CA T L SR i e e S 136 3
forservices......‘....‘..‘.....‘.......:...: .............. 1324 P
L T TR S R o it
0Ty R R L . I e s e ::ng o
for short-circuiting and grounding. ...................1140.0 sad 5
i 2| T o e U e - -
10T TaMPETary WILlNE i v i e o o i 1131; li!
BTOUNAING OF GaDINGS TOr & - i is vssss v s et 13 .
LR e e R e 3 o
R e e S e T A B 11355[_'0-?&
................................ =
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Order Mo,
in picture booths ......... i e M S e 44 s 1B 2
I SEaLionE: 0 .oevewas L T e e e e e ety e R e W 1120-4, 1140
installation in groups .. ......c00..n A T A A R A .1350-n
lacking and blocking of .. ..ooviiineses e e e e P e g L
pperation 4f - .osiditeas i A s S e e R A R R e e e R T
of BuPDlY and signal TNes o i sl shins s s shanrsas 1206-c and b
location on - pPoles and TOTWELE . . v it ass osmans e et b vee.1214-g
BULEACE SRED BWHEEHOR |\ . o v in e biriesm o e st s ahe vovans1380-0 and
thine aWHEhes ... e e sess s i sty g e Rt SR e e
to disconnect all wires ..... R S TR e e e s e e S D e
where required in stationg .. .covvvvnsas T ey Hi R e Oy 2
where required in utilization installations ......... Nt SRR R BT
Switchboards, def, ......... e s e Gl S D W e R s L1020-def. 50
1 ra e 4 ) 30000 RO B il .11-12 @ and b-3, 1364-a
YA YT AL ol Al e M T SER N e ol s e T S b [ L
oA Aot .o oecaesas v e R e A R MR e e TR ik i R S L
grounding non-current-carrying parts of. ..... oo 1122-¢, 1313-0
guarding hve DarEE Of . v owis sismen e alahare v satieese 1120-e;, 1354, 1310-a
MBS A e A e e R e A e e A 2
identification of equipment ...... S s T e e vewe1148-d-2
MMINAIon 6f . vveenoonns Rl R el AW B i N e LR
FE T ) 120 - S N Sl cxws oo 1142-a, d-1 and e-3, 1142-¢-1
FORBEIEN oo wunih smanm man T e S S e b it A s 1
meterial ..ooviivees T o T T s A B e S cenw1142-0-2
plug-type ... e e e e et MR AR i B 1
REUWRT e N e v s e e e e R s b e e s el (e e
separation of bare parts oni...... e e e AR = 1310-¢
L AT S e I P S ) P b L E vrnn s 11482023
T
Tables.
allowable number of conductors in & CONAMIt, v uvivvnarersonna. 1331-a
allowable number of conductors on given pole.....:...vcevve. . ADD, B-3
clearances. wires crossing wires .. ....: e e e Sl P b [t 1

wires from ground er ralls i saiierEe R s e el B2
conduit, size for given size and number of Wires. ... oo a0 01331

depreciation of wood POIEE .. vvwieaia T e G App. B-5
insulator test voltage ............ Rl R . . 1247
IBOTEEION P S etalION o s s me e ca e S R T
mechanical data for copper, iron and steel.,...... R v ADDL AS3
minimum, horizontal clearances and separations,.....:....:.....1221-g
gize of conduelors ....iv.vueie s s e B € e TR
gizes of messenger cables ,....... R S e e EE BT
sizes of serviee leads ...... e S o WA ML o 1219-b
vertical ‘clearances and BeDaFAtiONg ., ... ¢.vvevvvins conornae ,1228-¢
pole-getting depths..... e N, ol e S P App. B-4
DOle BiZEB . uweweves e L o e ey e v B S AT vow v ADPD, B-4
required conductor clearances and separations...... e e b |
resisting moment of poleg ... iasivi s A T S O g 1 1 S 2 |
regultant loads en conductors ............ 0. b e R A
sags; signal eonductors, copper and gteel. ..o ivvvevranaesisas . 1288-2
supply conductors, copper, iron and steel.............. App. A-1-2

. BIresses in COPPEr CONAUOLOTE ..\ .vvw i un e sunoesssnsinis vos cADD, A-1
tensions in copper, iron and steel conductors...... R o e 0 o ey S
transverse force on conductors .......... e e e D P
vertical loads on conductor supports ........ B Sl e ) o 2
wires,; carrying capaecity of......c iiiiihens S el s e sl e LB TS
working space about live Darts. . ..cieeviniinnersnana 1120-a-1, 1311-b
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TS e L e s S 1 020-def.. 51
removal of ., ... .., .00 AR e, 1420
Usgsofinresn e A Sl s e
Taping ends and Joints .. .......corovmsons 181, 1340-0
Taps, location of, in crossing span ...... 1966-a

Telephone and telegraph, apparatus. See S;gmu appara.tus systems.

See Bgnal lines.
Temperatures, of rheostats and vesistors ..., ciise. 1865, 1868-0-2
protection against excessive .....iiiiiiiaa,. . L1121, 1312-b, 1342-a
Temporary construction

Bt L LA e e T e e o e D
Tensions in, cable TEREENELTE 0o vvm v oo -......'...'__,__.__‘_‘...]283-‘:
eonfnptars o CEL R BRI e
copper, tables .. v s B S

iron and steel, taBISE . vvenincivcs soveaiy P e e 1) g
Terminal bases ...y, ity e O NN T B oo
Test rooms, electiieal ..., .........¢es {0 e s e e M 1) ) )
Testing, of ground resigtance ....... st i o A e inse
of insulation of interior wiring Lo e R R 5
Tests for steel towers ....... R RR a1 -y W A g R e e i T2 A R

Theaters, dimmer switches of
dressing room 1amps ........0. i i
emergency ghting of 7w s e
(3 s b e R g 2 e S S R e s
inclosure of dimmers
fnBaret At GRS o bt o e N

Thermal protection of canductors

L e e e T i

Tie wires and other fastenings for; signal lines......
supply Hnes .:...0.ovin. e s T AR e

special cages ...... g cperattie N ST AR TR

Toe-boards for floors, platfolms, sta,:rs A s

Toola, safe .........

Towers. See Poles,

i o kT
O ot e
o e e T
1372

B Tl R

Tracke. HINOE vouis ies A e D S
Transformers, auto ......... oty e R A T T
grounding of ... e A I e %
guarding of o..oi s S S L Y

installation of . ... ...... e

Of ArainnEe CollE .. vue e enwans 92-a
YRR AR SN I ot et i e ..‘............IDZU-ﬂaf._5-3:5'
T ARSTOPIIErs 10 oo wnivanss i e mres o S R 7l
Transmission lines. See Supnply lines,
Transverse loading, See Loading.
Transverse strength of line supports, signal, :
lines at railway erossings........oiveevnnsnensnnnsnnns .. 12800, 12

BUPDLY THES & v v yvie v e A e TS cueeve o 12400, 1242 b

averaging, thrée poles ........... e ceieen e g 12420 and e

SRS AENRENE &t e s vl s e LSRG L ATEd e

special requirements ...... .00y nns e el T R iR K248

TetER JOIRL BOTER. o e s s e e e e e T LT

Traps for dralnage plpes In manholes.........cooo0n..,. B S

Trees, attaching conductors to ...,. S 1Y e av) < ms aea e AT0S 0

Droteetion Erotn | .. e ien e s s sarrecned BT 120000 4\

i s R e e I e il L A o o
Trolley contact conductors . .....ounoiesonns

b s b e e e B0, | 1256, 1341«9, 1345-a, 1358b5 6,7, 8, 9 and 10

attached to bridges .............. RSP R P R e R
elearances above rall and ground ............ voiw . 1220-a, 1285-¢ and 4
guarding, at railway erossings.............. O e e

under bridges ...... s S R A S e e e s A R S e 1256-5
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inailation: o0 ooieion e eanhieEa s A e R e B
on commonly used poles ... v i es e S et o
on-Jointly Used Poled ..y i sasrs e ir s s ST L1278

Trolley feeders 1220c 1223-¢, 1254, 1265-a
Tunnel. See Subway.
Twisted-pair signal conductorB. .....ovouenrines L1234, 1283-4, 1286-2 and b

Ultimate strength of copper, iron and steel............... 1243-~a, App. A-2
Underground, eables. See Cables.

conductors. See Conductors.

conduits and ducts. See Ducts.

[T ] A (v 4 e e e R RO W P e e s AR
equipment, multiple connections of .,...... e T R plorisl 4 sl e A
KIBBUH. 0oy e e ke ads S e e e e Pk L i
signal lnes crossing under 18,11wsws e ol e e R A A A 1285-a
supply linea erossing under railWAYS .vvvivvssnerrsseriiavsssen 1268
systems, location of ........ e e T e e e AT A e e e A e
Under-voltage: protection . .« il al v = s, 1150-d, 136T-d
Usban digtricts, Gof oo vvresens rseiinanns A S T 1020-def. 53
grade of supply lines in ...... L e e s L Ll AR e e 1231, 1251
Utilization equipment, def. .. ...covsenvevnsnmosass oo eiin e ee 108 0=06f; 54
clagsed as supply eguipment ..... A A R R R e RN 11 8
construction, installation and Maintenanes. ......vivve vvvvsvsass 1800
VolEREe IIME OF Lanmiicin s s eh e s A Tl T oS S o o L

Vapor lamps.

high potential tubes ...... AT A B A R AT P 1
TMBroury - . ... L A T L e S o Gy S e sy e T e v

N ADOTEDIOOL BIOTIBE isim etk v a0 i o asiaas 40 ek il oo T M T T a3 1121, 1312
Varnished-cloth insulated wires ..... B T S e L 1342-a-1, 1343-a-1
Vault, transformer, def, ....... A e e o i e e e L
Varniaghed Gloth WATE o onlcini fosis i siinnssnnnsis PRI Lo e 1343-g-1
transformers in ........00000 b S R e S o s 1 4 s
Vertlatlon of: Tan aleR. | oo omm s s s vr 5 sie e s @ et
siations ......uo000 e Ao L PP RS D e o e DT (G 1
BEOrage-battery YOOI \ o i e avsini isiv o v oo oo s iaiia e 1144-¢
Vertical conductors, See also Conductors, def. ..... et 1020-def. 55
arrangement of ... 00000, b R e g s e cawsevs,-1223-f and g
SEpArRtion af g i v ud e e h (R T vonss o 1228-g and f

displacement of erdssing epan, signal lines over railways........1282-D
loading. See Loading,

Visitors, in stations and subsStaAtioNS. . s vuih s esesnn sbns S U,
Voltage; def.  wovaviiaives R L A 8 s S S U .1020-def. 56
clasgification of, for wertical separation......... v eevesrss 12830
high, increased clearances for...... coewe21220-b and d, 1222-q, 1265-b
limity, for utilization equipment ........... e L R R

protection agsinst induced, in signaling =ystems. ..., .conieren.s 1392-0
reduser for radlo SEUEDIIBIE ..o e e e e e o s s o e s o e . 1338
Volts. See Voltage.

Warning and Dangar BIERA .o iul i s sl diie i Rk i o) ey o e A A ke
Weather conditions .............. bt L e B e M B
Weatherproof CaBEE «..owuvevwirsssss e e T e B
Weatherproof insulating covering .......... b R A A 1321-¢
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Welders. See Electric furnaces and welders.
Wind pressure. See Loading. ; |
Wire gages, def. oo an cadnn i e e e T020-d6f. BT
Wires. See Conductors.
Wiring, armored cable. See Armored cable,

concealed knob and fube. See Knob and tube wiring,

conduit. See Conduit and conduit wiring.

e i e e e S G e S e P s e
metal-raceways. See Metal-raceways.
mixed conduit and ODEI i e s s i di S PR [
open. See Open wiring,
Bl THEALEE: SEABH .\ vooww sowmbiarmie b i, L. B b b
Wood, molding use of. .....vsseorein .‘..‘.....‘.‘10320d 1226-¢; d and e
T L e T sy e e s o, TEES ANRLSNE
allowable number of wlres L ¢ Ty o7 811 L e e e i ADp: B3
when supported by guys, table ........ S e e cADD. BS3
i 0 e R T S e e A TN e DD 2
methods for determining 8126 ... ouisveenng ot vanes sy e AP Bed
examples of ... e B T, o App. B-2
Working space, about equipment......... ..............1142-& and b, 1143
(25 A 000 1 0 ¢ 1 e e s e S T St e e e e SR B B
on poles ...... i A d A S P et L 1 S i e R

Workmen. See Employees.

Yield Poigt 0f, CODDEY v «vuws sy s 14 e e e e A S N S e 1246-d
e e e A G L M| O e P e e e e ) s e G 1 - e
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