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BEFORE THE
RAILROAD COMMISSION OF WISCONSIN

[U.—2776.1

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

WauErEAs, 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

Wagreas, 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

WaEREAS, 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 TarrEFORC ORDERED, 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-
strutction, maintenance, and rules of operation as established by
the Wisconsin State Electrical Code adopted by the Industrial
Commission, 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,
Lewis E. GETTLE,
Henry R. TRUMBOWER,
CarL D. Jackson,
Commmissioners.

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 :

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

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

Dr. M. G. Lloyd, Washington, D. C., U. 8. Bureau of Standards.

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

George H. Cooper, West Allis, Wiscongin Manufacturers’ Association.

Fred Gratz, Madison, Wisconsin Federation of Labor.

A. J. Goedjen, Milwaukee, Wisconsin Electrical 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 BEquipment Manu-
facturers.

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

J. E. Florin, Madigon, Industrial Commission. ;
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4 INDUSTRIAL COMMISSION OF WISCONSIN

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:

@. C. Neff, Madison, Wisconsgin Power Light & Heat Company.

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

@&. F. Crowell, Milwaukee, Wiscongin Telephone Company,

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

J. €. Martin, Chicago, Western Hditor, Electrical World.
G. G. 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 1st 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 Code of the
city of Chicago. ‘ ‘ ‘

On June 5, 1922, the Industrial Commission, pursuant to Sec-
tions 239441 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.

Hxceptions: 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 ig 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 orders. Their intent will
be carried out if they are applied in full to all new installations, recon-
struction and extensions. Existing construction may be allowed to
remain, except such as may be unduly hazardous, until worn out or
obsolete.

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 electrical work conductors, however well insulated,
should be so installed that the possibility of a leakage from conductor
to conductor, or between conductor and ground will be a minimum,

Order 1011. Use of Approved Materials and Construction
Methods.

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

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

(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 Industrial 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 electrical equipment and
conductors should be made by properly qualified persons only.

SECTION 102. DEFINITIONS OF SPECIAL TERMS.

Order 1020. Definitions.

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

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

3. Circuit 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-

- burce
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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 parts are those not intended to be
so connected.

9. Dead refers to current-carrying parts which are free from
electrical charge (not having a potential different from that of the
earth). il |

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

Note: Switches designed for opening loaded circuits are usually
installed in ecircuit with disconnecters, to provide a saie 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) .Where 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
ficcessary: supporting or containing structures which are located
entirely outside of buildings and are used for transmitting a supplyl
of electrical energy. (See also Definition 47.)

Note: Does not include oren 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 be, 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.)

Nolte: (1) Supply stations accezsible as a rule only to 'proper]y
qual-lﬁed bersons, must comply with Part 1 of this code. (2) Supply
stations accessible as a rule to other than properly qualified persons,
must comply with Part 3 of this code. (3) 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 atmosphere explosive in character) means
that an inclosure is of such construction that any explosion of gas
which 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: “REffective,’ as herein used, means a connection to earth of
sufficiently low resistance and high current-carrying capacity to pre-
vent any current in the ground wire from causing a harmful voltage

BLECTRICAL CODE—ORDER 1020 11

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
rails or screens, or by means of mats, or platforms, to remove the
liability of dangerous contact or approach by persons or objects
to a point of danger. Wires, which are insulated, but not 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 said to be insulated, it is understood to
be insulated in a suitable manner for the conditions to which it is sub-
jected. Otherwise, it is within the purpose of these rules, uninsulated.
Insulating covering of conductors is one means of making the conduc-
tors insulated.

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 sufficiently so that
persois may safely walk underneath. (See also Definition 19.)

27.  Lateral Conductor means, in pole wiring worlg,
cable extending in a general horizontal direction at an a
general direction of the line conductors.

a wire or
ngle to the
(See also Definition 55.)

28. Lateral Working Space means the space reserved for
working between conductor levels outside the clim

bing space, and
to its right and left,

29.  Line Conductor means one of the wires or cables carrying
electric current, supported by poles, towers, or other structures,

but not including vertical or lateral connecting wires, (See also
Definition 55.)

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

31, Manual means operated by personal intervention,

32. Movable Equipment means electrical apparatus which is
heavier than portable equipment as defined below, but which, nev-
ertheless, is designed to be transported from place to place for
use; equipment which is stationary when in use, but is designed
for being transported from job to job. (See also Definition 38.)

33. New Construction means all new electrical installationsg
and all repairs and renewals which constitute a substantial portion
of the installation or any substantial subdivision thereof.

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

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

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

mains or other suitable means) as described in Definitions 17
and 18.

ELECTRICAL CODE—ORDER 1020 13

37. Pole Face means that side of a pole on Which.crossar}ns

are attached, or which is so designated by the companies owning

- operating the pole.

g 355 P(Jf'tn;able Equipment means small ‘electri_cal apparata;s such
as grinders, drills, etc., which are-supphed' Wath.current dro];r;ui
portable connection ; apparatus which can be eas%ly mo.ve a t
or lifted and is intended to be so handled wl‘}en in use; doei_) nfol
include household appliances as defined herein. (See also Defi-
nition 32.) -

39. Qualified means familiar with the‘ construction and qit?ll:?—
tion of the apparatus and the hazards involved. Responsibility
for the decision as to the qualifications of the. clzmployes rests
with the employer or his agent. (See also Deﬁmtlor% 1,4.).

40. Raceway means any channel for loosely holding eres1 ?1‘
cables in interior worlk which is designed expressly and us?d sole )Z
for this purpose. Raceways may be of .metal, wood (‘un .essl sgzs
cifically forbidden) or insulating .m?terml, and th.e term inc u
wooden and metal moldings consisting of a backing and capping
and also metal ducts into which wires are to be pulle'd. -

41. Reconstruction means rebuiiding or 1'em.0dehng an einst:
ing installation, but does not include or.dmary .malntenan-ce trelgl) iicoen
ments. (Reconstruction of a substantial .p'ortmn of an installa
is New Construction.) (See also Definition 33.) :

42, Rural Districts means all places not urban, usually 1;nﬁth.f_:
country, but in some cases within city limits. (See also Defini
tloir:&s 3 ?S‘ag——A pparent sag of a sj.mn means the departure of 'ﬂ?:

wire in a given span from the stra{ght llne. betweei_l the f{vvvlc.)l p01;1he
of support of the span at 60° I¥., with no v&rmd loading. : ere
two supports are at the same level this will be the normal sag. ,[-

44.. Sag—Apparent sag at any point means the de;{a.rtt;lrel_o
the wire at the particular point in the span from theusm aig t ine
between the two points of support of the span, at 60° F., with no
-wind loading. AR ’ rE

45, Sag—Normal sag means the difference in elevation .e;
tween the highest point of support of a spatl anci.the Iowlest poin
of the conductor in the span, at 60° F., with no wind lo.a,dmg.

46. Serwvice means the connecting conduc:tors‘ by whmh‘ a sup'plz
of electrical energy is carried from a supply line to main switc
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and fuses or circuit-breakers within the building or premises
served,

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

47. Signal Lines means lines for public or private signal or
communication service and 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 gystems conforming with the above are included.
Lines used for signaling purposes, but not included under the above
definition, are considered as supply lines of the same voltage and are
to be so run. Signal lines not for public use coming under the ahove
definition may be constructed and operated as supply lines, if desired,
and if consistently so constructed and operated. .

48.  Swubstantial 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.

51. 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: Such 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 installed,
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53. Urban Dislrictks means thickly settled communities (whe-
ther in cities or suburbs) where cofigested tl:afﬁc often oceurs. A
highway even though in the country, on which the t_ra}fﬁc is often
very heavy, is considered as urban. (See also Deﬁm-tlon 42.)_

54, Utilization Equipment means equipment, devices, and con-
nected wiring, which utilize electrical energy for mechanical,
chemical, heating, lighting, testing, or 'sirmlar 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 wiring vx.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 bfa—
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 groufld. /

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

e of the circuit. DR
the\?\‘frlcii:tr?gone circuit is directly connected to another circuit of
higher voltage (as in the case of an autotransfm:mer-) both are
considered as of the higher voltage, unless the circuit of lower
voliage is permanently grounded. ; . =

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

57. Wire gages. The American wire gage (A. W. G.), other-
‘wise known as Brown & Sharpe (B. & S.), is the sl_ﬁandard gage
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 PROTECTIVE GROUNDING.

Order 1030. General.

The following orders of this section apply to the g.rounding of
all lightning arresters, circuits, equipment and conc%mt, when ‘fhe
gi-.c)ud’i'ng is required as a permanent and effective protective
meastire by this code.

Hxception: The following orders do not apply to the grounding of
arresters on signal circuits and radio equipment, to the grounded re-
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turn of trolley or third rail systems, nor to the grounding of lightning
protection wires where these are not connected to eIectrigal circuits
or equipment. ;

Note: The orders requiring grounding, in accordance 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) In two or three-phase systems the ground 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.

(5) 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 he grounded
inside buildings, except at the service entrance.

Note: In all cases, multiple grounds are preferable for alternating-
current distribution systems, because of the assurance provided against
loss of protection hy the chance of disconnection of one ground con-
nection. {" I - \J

(¢) Awoidance of Current Flow over Ground Conductor.

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

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

(d) Lightning Arresters and Ground Detectors.

For lightning arresters and ground detectors the ground 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,

(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 outlet boxes, junction boxes
and cabinets, and to remove non-conducting protective coatings, such
as enamel, from threads on conduit and couplings and from surface
where approved ground clamp is fastened to conduit.

[
i

AOrder 1032. Ground Conductor.

(a) Material and C ontinuity,

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

" (2) In no case shall an automatic cut-out be inserted in the
ground conductor or connection, except in a ground connection
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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 have 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, T

(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

Capacity of Nearest Automatie Cut-out

200 to 500 amperes
100 to 200 ‘amperes
0 to 100 amperes
0 to 10 amperes (for portable equipment only)___________ 18

‘When current-carrying conductors ot portable equipment are lar
: er
than No, 18 A._W. G. ground conductor must be of same sgize. -
When there is no cut-out.proteetiug the equipment, the size of ground
conductor shall be determined by the design and operating conditions
of the circuit.

(6) Ground wires for conduit shall have a conductance at least
equivalent to No. 10 A. W. 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 tised 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 conductors may be used in
stations, and bare wires may be used if laid slack underground.

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

’(3) Gualjds 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.). Hszeml. The ground connection shall be permanent and
ei_fefctwe and shall be made as indicated below, but always to water
PIping systems if they are available.

Note: “Available” in this r AN
ule means ord wil ithi
stations. rdinarily within 500 feet for
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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 circuits should not be made to
jointed piping within buildings except ‘water piping.

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

Exception: Where connection to another type of ground from an
electric or combination lighting fixture would involve a long run, and
the fixture therefor is not within reach of plumbing or other grounded
surfaces, the gas 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 congiderable extent will be available,
and may be used in lieu of extended buried water-piping systems.

In some cases, ground connections may he made to the steel frame
of a building containing the grounded circuits or equipment. In such
cases the building frame should be itself well grounded by effective
connection to the ground. This may require artificial grounding for
steel frame buildings supported on masonry or concrete (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 b
reached by persons while they are standing on the ground or damg
floors, or by persons while touching any metallic piping to whic
the ground wire is not effectively connected, a' single artificial
ground may be used even if the resistance exceeds that specified i
Order 1035. (In such cases it is desirable to provide guards fol

T ]
|

HELECTRICAL CODE—ORDER. 1034 21

the ground conductor in accordance with Order 1032c 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 does not prohibit the making of drainage connec-
tions (which are not protective grounds) between piping systems and
railway negative return circuits for the prevention of electrolysis.

‘Where multiple artificial grounds are made on other circuits near
such railway returns, they should be so arranged as to prevent the
flow of any considerable current in and between such connections, thus
reducing their effectiveness, or causing other damage.

Order 1034. Method of Connecting to Ground.

(a) Water-Piping Comnections. 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
concrete pits within buildings where piping connections are imbedded
in concrete flooring, the ground connections may be made on the build-
ing side of the meters, if meters are suitably shunted.

‘When the making of a ground to a piping system outside meter or
other device would involve a long run, connection for equipment or
conduit (but not for circuits) may be made to the water-piping system
at a point near the part to be protected, provided there are no insulat:
ing joints in the pipe to prevent a good ground. In such cases, care
should be taken to electrically connect all parts of the piping system
liable to create a hazard (if they become alive) and to shunt the pnipe
system where necessary around meters, ete,, in order to keep the ;3011-
nection with the underground piping system continuous.

) (_b) How 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
surface.xs- secured, and that the possibility of increase in resistance
of the joint through corrosion is minimized.

Note: Such ground connection to metallic piping systems should be
made by means of an approved clamp firmly bolted to the pipe, after
all rust and scale have been removed or by means of a brass plug

Which has been tightly screwed into a pipe fitting, or where the pipe is

of sufficient thiclkness, screwed int i ipe i
0 a hole in the pipe itgelf
other equivalent means, B &
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‘With bell and spigot joint pipe it may .be necessary to connect tg
several lengths where circuits or equipment of large current-carrying 1ne DProduct of the corresponding numbers in the first and second
capacity are being grounded. For this condition the most satisfactory columns is never greater than 150—that is, the potential difference due
method of making the ground connection consists in drilling a holeto the stated current is never greater than 150 volts—where connec-
in the bell, tapping it, 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 the Where mqre 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 such grounds are
equivalent material to prevent corrosion. The point of connectiog considered collectively in respect to meeting the requirements of this
should be accessible and its position recorded. order.

W i L ‘Where a secondary is exposed only through transformer windings,

(c) Artificial G'r.mmds. Artificial Grounds shall be loca:ted be this current-carrying capacity will be that of the primary fuse of the

low permanent moisture level where ground water level is closg trangformer. Where the secondary is exposed to the conductors of
to the surface. Where it is impossible to locate the artificia

conflicting or ecrossing high voltage circuits, the current-carrying ca-
grounds below permanent moisture Ievel, they shall be at least @pacities will be those of the automatic cut-outs in such circuits.
feet below the surface.

(b) Checking.
Note: Hach ground plate should present not less than 2 square fe ’ N1y 5
3 round Vi1
of surface to the soil, and where facilities are not available for dete Note: Ground connections on distribution cirouits should be tested

mining the resistance of the ground connection, (See Order 1035) th ?;t:i?is;;?;eg;?g;;ﬁ?ﬁ;:;mn is made unlegs multiple grounding to
exposed surface should be 4 square feet. Where copper ground plate :
are used, they should be at least .065 inches thick; and when castiro} (1) The resistance of station grounds shall be checked when
plates are used, they should be at least .25 inches thick, I made. .

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

Note: (1) With artificial grounds this check 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
r 35. n esistance. ; :

Order 10 Ground R into the ground, while a measured current is flowing through the

(a) Limits. The combined resistance of the ground wires and sround connection and any exposed metal piping or other artificial
connection of any grounded circuit, equipment or lightning ai g"‘;;‘)milfli‘hthetvi?m“y' but not within 20 feet.

; ; e station ground is to water piping, the check may be made
rester shall XC he values given below : : : :
shall not exceed the v given below with current flowing through the water piping and some independent
= piping systems or artificial ground in the vicinity, but not within 20
Water Artificial

Pipe Grounds feet.
Amperes Grounds Ordinary Soil

(2) All ground connections shall be inspected periodically.

Ohm Ohm

- A Order 1036. Separate Grounds and Ground Conductors.
Sl el 5 o [ (a) Ground Conductor. Grounc_l conductors shall be run sepa-
10°to 95 o 0 2 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 : '

1. Lightning arresters,

2. Secondaries connected to low voltage lighting or power
circuits,

Exception; Where because of dry or other high-resistance soils
is impracticable with artificial grounds to obtain ‘resistances as low
the values given above for ordinary soils, two grounds as defined
Order 1033d should bhe installed 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 circuit from wh
leakage can occur to the grounded circuit or the continuous curre
carrying capacity to which the grounded equipment conduit or ligl
ning arrester is limited by design or by automatic cut-outs.

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.
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5. Frames of utilization equipment, conduit systems, etc., othe A
Electrical Supply Stations, Substations and Equipment.

than covered by Item 4.
6. Lightning rods.

Nofe: Lightning-arrester ground connections should be spaced

ection 110. Scope of Orders.
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I Minimum [Modern Practice

Foot-Candles | Foot-Candles

PART 1. ‘
(1) Switchboard instiumcuts gaugcs}l_, S‘Vitli'ltms’ ebe. __ ‘5; %;ﬁ:g g
i i i : i i i To g i e
Electrical Supply Stations, Substations and Eqmpment S Soii e oe 10 v in fo exuobed lve paite oo i 102
4) Generating room, boiler room, pump room (at
machinery or exposed live parts) _____—-__.____ 1 2 to 4
SECTION 110. SCOPE OF ORDERS 5) Stairways and passageways (measurements made
at floor Ievel,d \]‘ghcre ;sémreh 1;1 {movin% ma-| o S End
. . chinery, exposed live parts, hot pipes, ete.____
Order 1100. Stations and Substatlons. 6) Any traversed space (measured at foor ]BV&I)--_-[ B 1to2

The following orders (1100 to 1199 inclusive) apply to all elec
trical supply equipment of indoor and outdoor stations and sub
stations.

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

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

Orders 1100 to 1199 inclusive also apply to electrical supply (b) Fixtures and Plug Receptacles. (See also Order 1346-f,
equipment, including generators, motors, storage batteries, trans ection 134 of Part 3.)

formers and lightning arresters installed in factories, mercantilg
establishments, or clsewhere, provided the equipment is in sepa
rate rooms or inclosures, under the control of properly qualifie¢
persons, whose attention is not distracted by other processes, ang
provided such rooms or inclosures are accessible only to sucl
persons. (See also Order 1301, Section 130, Part 3.)

Order 1101. Electrical Supply Equipment in Factories.

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

(2) Lamps and fixtures shall be so located as to make unneces-
sary the use of portable cords in dangerous proximity to live elec-
rical equipment.

’ SECTION 111. GENERAL PROTECTIVE ARRANGEMENTS OF

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

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

storage battery, gas main, or other suitable source.
Note: Flame lamps (gas or 0il) should not he used in battery

Order 1110. General Requirements for Rooms and Spaces.

(a) Not to be used for Storage of Materials. Rooms and space
in which electrical supply equipment is installed shall not be usef

: 4 o ¢ ; : rooms. (See also Order 1144-e.)

rt T 1 > : q .

or the storage of material nor for manufacturing processes (d) Shading of Lamps. Overhead and local lamps shall be
Exception: Materials or processes incidental to the production o '

S ( i { B i i 1 i 1
distribution of & supply of electrical energy are exempted. aded as required by Orders 2113 and 2114 of the industria

~ Jlighting code. '

(b) T be Dry and Free from Flyings and Inflanmable Gase eHliTE code
Such rooms and spaces shall be free from flyings and inflammabl - ) e
gases, and when indoors shall be dry and well ventilated. (Se Orde_n; a2 Requirements for Buildings and Yards and Gen-

eral Safety.
also Order 1144.) . ; M !

(2) Buildings to Comply with Building Code. Buildings in
which electrical supply equipment is installed shall be constructed
in every detail to comply with the Building Code.

(b) General Orders on Safety to be Complied With. Floors,
Ppassageways, stairways, floor openings, platforms, runways, mov-
ing machinery, etc., shall be constructed and safeguarded as re-
;'Cffuirécl by the General Orders on Safety.

Order 1111. Illumination of Stations and Substations. (Se
also Order 1144-e.)

(a) Intensity of Artificial Illwumination. Rooms and spaces |
which electrical supply equipment is installed shall be providef
with artificial illumination of an intensity at least equal to tH
minimum foot-candles of the following table:
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(c¢) Ewxits. All such rooms shall have proper exits as called
for by the Building Code.

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

Order 1113. Fire Fighting Appliances.

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

Note: Fire extinguishers employing carbon tetra-chloride as the
extinguishing agent are recommended.
Caution: Such extinguishers should not bhe 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 distance
above floors or platforms:

Voltage of Part Elevation in Feat

300 to . TH0 _____ 7.0
750 to 2,500 7.5
2,600 to 7,500 8.0
7,600 to 30,000 9.0
30,000 to 70,000 ___ 10.0
,000 to ,000 - 12.0 °
Over 100,000 b 14.0

Exception: Where no guards are called for elsewhere in thesé ol
ders, uninsulated current-carrying parts operating at less than 750l
volts need not be guarded regardless of elevation, if the following cot
ditions are complied with:

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

(2) If there are such live parts operating at 300 to 750 volts on onl
side of the space, there shall be a minimum clearance of 2.5 feet; 1
on two sides, 3 feet.

(3) If there are such live parts operating at more than 750 volf
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 beingl re-
moved. ] ‘ H e

(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. :

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

(b) Generators, Motors, Motor-generators and Converlers.
(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
insulating 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.

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

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

Hixeeption: If the parts are not so exposed that persons are liable
o malke aceidental contact with both at the same time, a lesser spac-
ing is permissgible.

(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 vieinity. It is recommended that they be inclosed in
separate fireproof cells or compartments. (See also Order 1141-c-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 cireuits below 300 volts are ex-
empted from this order.

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

(3) All fuses and circuit-hreakers on cireuits 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

(=R RN S

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

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

(1) All switchboards located 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 eleyation less than 7.5 feet above floor or platform.

Exception: (1) Direct-current railway boards up to 1500 volts, so
constructed that the operator cannot inadvertently come 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
igsolation 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-
carrying 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
permanent screens, by inclosing partitions, barrier, guards or by
inclosure in metal conduit, metal ducts, runways or compartments
of tile, bitumenized fiber, concrete or other suitable fire-resistive
materials. g :

(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 exempted from -

this provision, but must be constructed as required by the other pro-
visions of this order.

(3) Where conductors with insulating coverings are closely
grouped, as on the rear of 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-e,)

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 Paft 3.

Bxception: Station auxiliary alternating current systems are ex-

empted from this requirement, .

(b) Instrument Transformers.

The low-voltage circuits of all instrument transformers shall
be permanently grounded unless the 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 circuit from others which are protected by a ground.

BELECTRICAL CODE—ORDER 1123 33

(¢) 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.

Exception: (1) All equipment in locations where there are no _ex-
posed grounded surfaces within the reach of persons Wh(.a']:‘l touc.hmg
the parts under consideration and where none of the conditions I1st'ed
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. ; . A

(2) All equipment accessible only to gualified persons, provided it is
effectively insulated from ground, provided insulating mats, platforms
or floors are present, on which gualified persons may stand, and pro-

vided there are no exposed grounded surfaces within reach of sa?d
qualified persons, at such times as said qualified persons may be in
contact with any live part, is exempted from this order.

(3) BExposed nen-current-carrying metal parts of supply eq}lipnllent of
grounded direct-current circuits or series direct-current circuits are
exempted from this order, if suitably insulated from the ground and
from neighboring grounded surfaces, In addition suitable permanent
insulating barrier guards shall be installed so that a person cannot,
while touching such- insulated frames, at the same time inadvertently
touch or stand upon other grounded bodies. :

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

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

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

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

(d) Lightuing 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. (See 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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Order 1124. Deteriorating Agencies. (See also Order 1144-1))

Suitable guards or inclosures shall be provided to protect ex-

posed current-carrying parts, insulation of leads, balance coils, of
other electrical devices belonging to motors and generating equip
ment, where installed directly under other equipment or in loca
tions where dripping oil, excessive moisture, steam, vapors, of
similar injurious agents exist,

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

35
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SECTION 114. SWITCHES, DISCONNECTORS, FUSES, CIRCUIT-
BREAKERS, SWITCHBOARDS, LIGHTNING ARRESTERS
AND STORAGE BATTERIES

Order 1140. Switches and Disconnectors. (See also Order

1120-d.)

(a) Compliance with Other Orders. The installation of all
witches and disconnectors shall be made to conform to Order
350, Section 135 of Part 3, except as otherwise provided in this
order and Order 1120-d and e.

(b) Where Switches Are Required. (See also Order 1120-

Order 1130. Compliance with Other Orders.

The installation of all conduit, both rigid and flexible, metal sus
face raceways, armored cables, cabinets and junction boxes, and
the installation and protection of wires shall be made to compl
with Sections 133 and 134, respectively, of Part 3 and in additiog
shall comply with the following orders of this section. (See alsg
Order 1120-g and 1150-c.)

Order 1131.
1142-¢c-3.) :
(a) Conduits, Ducts and Runways. The interior of conduits
ducts and runways shall be smooth, and all edges at outlets shall

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

Station Wiring Requirements. (See also Orde

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

(¢) Lead-sheathing and Flame-proofing Covering Where Con
ductors Terminate. Where conductors terminate, lead-sheathing
and flame-proofing covering, when used on conductors, shall bg
stripped back on the conductors a sufficient distance from the tet:
minals to give the necessary insulation for the voltage of the cir
cuits on which the conductors are used.

(d) Potheads on Circuits above 750 Volts. On systems abov
750 volts the insulation of the several conductors, where leaving
the metal sheath of cables, shall be thoroughly protected againgt
moisture and mechanical injury by means of potheads or othe
equivalent means.

(e) Taping Ends and Joints. Ends and joints of insulate
cconductors, unless otherwise adequately guarded, shall have equal
insulating covering with other portions of the conductor.

-2.) Suitable switches shall be inserted in all leads to genera-
tors, motors, transformers and all out-going and incoming supply

ircuits.

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

(2) In cases such as between generators and transformer banks used
with the generators, disconnectors only will be required.

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

(4) In underground manholes or in transformer vaults, switches are
not required, if not deemed necessary to meet operating requh‘emenifs.

(b) Automatic circuit-breakers that disconnect all wires of the cir-

# cuit may serve as switch for motors.

(c) 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 1142-f and 1151-b—1),

(d) Where Disconnectors Are Required. Switches, which do
not make an air break, on circuits operating at voltages in excess
of 750, shall be protected by disconnectors between them and the
source of energy supply, (See also Order 1120-f-2.)

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

(a) Compliance with Other Orders. 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 Ofder 1120-d and e.

Exception: Open link fuses may be used in stations and substations.
(See also Order 1351-b, Section 135, Part 3.)
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(b) To Be Installed in All Leads. Automatic overload circuit
breakers or fuses shall be installed in all leads where switches arg
required by Order 1140-a and the appended exceptions. (Se
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 circuits are exempte
from this order.

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

(c) Locations.

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

Exception: Where there are no bus-bars these automatic overloa,
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 practicabl
be enclosed in separate fire-proof cells or compartments, or shal
be separated by suitable barriers.

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

(a) Accessibility and Convenient. Attendance.

(1) All switches on switchhoards shall be so arranged that thy
points of control are readily accessible to the operator.

(2) Instruments, relays and other devices requiring reading o

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

(b) Lecation.

(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 switch
board and combustible material, unless switchboard is otherwis
properly guarded to prevent igniting combustible material,

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

Note: This is also desirable when all connections are in front o
board.
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(c) Required Equipment and Construction. 2

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

Exception: Switchboards in substations without regular attendance
are exempted. ; -

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

(3) In wiring switchboards, the ground detector, volt-meter,
pilot lights and potential transformers shall be propetly protected
by fuses.

(d) Arrangement and Identification. .

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

(2) All switches and automatic cut-outs shall be plam'l_y me‘xrk'ed,
labeled or arranged so as to afford ready means for identifying
circuits or equipment supplied through them. (See also Order
(0235 -

(e) Spacings and Barriers Against Short Circuit. (See also
Order 1120-h.) :

(1) The number of hare parts on switchboards which are at
different potentials shall be as few as possible and shall be effec-

ively separated.

tlv('2.3]) V&I:here the voltage between bare parts exceeds 750, suita'tble
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. i

(3) Fuses shall be so located as to minimize the damgerf 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 Requirbd to Readily Make Occasional Grou:f@ds..

Where protective grounds are occasionally required on c11'c1}1ts
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) Ground Detectors. Each ungrounded distribution system
in a station under attendance shall be provided with reliable
ground detectors, :

Note: Detectors which indicate continuously and give an instant
and permanent indication of a ground are preferable.
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Order 1143. Lightning Arresters.
1120-f, for Grounding see Order
introductory Part.)

(For Guarding see Order
1122 and Section 103 of

(2) Where Lightning Arresters Are 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 circuits over 7500 volts, lightning arresters shall be
so arranged, isolated and equipped that they may be readily dis-
connected from conductors to which they are connected by air-
breal 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 qualified persons,

(c) 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.
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(d) Sustable Supports and Floors. _ .

(1) The cells shall be supported by suitable insulators.
Bxception: 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)tf,e' Acid resistive floors, such as vitrified brick set in pitch, are
recommended where large batteries are installed.

(e) Lamps. (See also Orders 1111 and 1121.) .

(1) 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. l

(f) Acid-Resistive Coverings on Conductors. Conduc_tors i
battery rooms, if of such material or S0 located as to be l1ab}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. Rotating Equipment. (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
necessary, as with some types of turbines. ;

(3) Separately excited direct-current motors, series n.mtors,
niotor generators and converters shall have protective devices as
required by Order 1357-c, 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.

(e) Control Circuits to Be in Conduit. Where speed lirr.liting
or ;stqu.ing devices or remote control switches are electrically
ap'é"f‘até;d, the control circuits, by which such devices are actuated,
shall be in conduit or otherwise suitably protected from mechan-
ical injury.
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' ¥ N ., P i i voltage up or
(d) Motors. All motors shall be installed in the manner rel note: For oil-cooled transformers used in stepping

1 J Cr 135: ’ SeCtIOI] 1\‘;,; O Part 3 . £
i i i i i eas e ﬂre-proo

. iown hefme dlstllbutlon, this wl]l usua.]ly requir Bilalai ;

. V Pulldiﬂg room Or compar tment cut off from the plant proper, pro vided

ith not less than 6-inch non-combustible sill at door‘wa..y and with
i drained to some convenient point outside the building. Tra,z.ls-
0?1' ‘1 of the air-cooled type should be isolated from all other equip-
;E;el:nd if 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.) L of ducts. :

S pis il S : R, e
TS thition e s S S ool ‘whord (b) Current Transformer Secondary Circuits. (See also O
two or more generators operate in parallel or feed into a network sup:] 140—C.) = f
plied from other sources, if reverse current relays are installed, (1) Secondary circuits of current transformers, 1nc1uf1mg an}'l

Note: - For two-wire direct-current generators, single pole 1:|1'oteetio_tant current and instrument transformers, shall be provided wit

will be considered as satisfying the above order, provided the safety’ e h hich b adily connected
_cir em, which can be readily
device is so located and connected that the means for opening same jgmeans for short-circuiting t ’

| . : : i re so arranged as to
actuated by the entire generator current, and the action thereof willlwhile the primary 18 enefg‘.md and which ail devic fi)m Siick
completely open the generator cirenit. sermit the removal of any instrument or other device

circuits without opening the circuits.

Exception: (1) Current transformers supplying relays cfmly, tl?z
those having their primary ecircuits always dlsconnecte(? L é’rf
secondary cireuits are worked on, are exempted from t]iils or ;(;uits

(2) Where primaries are more than 7600 Yollts, secon a;;rytcnf er:
unless otherwise adequately protected from injury or contac 5

(3) For three-wire, direct-current generators, compound otf sons, shall be in permanently grounded conduit.
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 neutral wire will not he 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 twa
overload devices, one in each armature lead.

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

Order 1151. Transformers. (For Guarding see Order 1120-a,
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-fille
cases are used) can do no harm,.

d
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PART 2.

Electrical Supply and Signal Lines.

SCOPE OF ORDERS AND GENERAL REQUIRE-

0.
SECTION 12 e g

of Orders.
rder 1200. Scope i . £
The following Orders 1201 and 1299 inclusive apply to aill elec
1 - : -
rical supply and signal lines in overhead and underground co
tion. )
18 : (1) Itis not the intent of these orders to 1ecommentd Zr?igz
NOte‘truction and all lines must be so designed as to mt-ae'msum o
i c?n:ments the specified standards being regarded as mini
requir 5

qui;ﬁ)!m‘::é:i]ted good practice for the given local conditions should be

followed in all particulars not specified in these orders.
Order 1201. Design and Construction. (See also Orders
rde .
1012 and 1236.) ; %
All electrical lines and equipment shalll _be of smta.b:]e. he:;gn
and construction for the service and conditions unc}ller Wf 1(:h ; Ey
0 be i d appurtenances thereof shall be
re to be operated and all hnes.an :
ionstructenl; and maintained in accordance with good modern

practice.
ote: ! . . 5
rges and strength of construction are minimum 1'(=_u1111u=£111m]1:L :tmction
%'n:.- 'lé, éﬁéciug‘:{i and clearances and a greater'strength o) _ca i
?;'hé,gl. the specified minimum may be provided if other requirements
1ot ne 'lsé’t'ed in so doing. o ‘ e
1101(’:_2.) gervi-ce requirements frequently call for sFlongeI;; su?pﬁsgeaor-
higﬁer fa;ctors of safety than the minimum requirements o

ders.

i rder to spacing, clear-
(1) The requirements of these orders as asar

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 conduf:tor of an overhﬁa]cjl hnci
has been permanently retired from service, the same shall be re
moved by its owners,
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Exception: Overhead service drops may be disconnected from the
circuit and allowed to remain in place when service is discontinued if
it 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 Parts.

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 not
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 considered 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 or
more are within 100 feet of any school, within 100 feet of any
place where such line crosses a public highway or within the cor-
porate limits of any city or village, warning signs shall be placed
on all such poles or supporting structures of such line, ’

(2) Every such sign shall be 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 Wisconsin has arranged to fur-
nish at cost proper stencils for the marking of poles in compliance
with this order.
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(d) Stepped Poles. .

If supply conductors carrying voltages exceeding 300 volts 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 quad to protect
against careless approach to conductors by unauthorized persons.

Fxception: (1) On poles carrying signal cable or twisted pairs be-
low supply conductors one wood block may be placed not less than 3.5
feet from the ground or other readily accessible place without the use
of guards or warning signs.

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

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

Permanent grounding- for lightning arresters, for circuits, for
equipment, and for wire runways shall be done according to 'the
requirements of orders of Section 103, and Order 1313, ':.":ection
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:
equipment ig: :
(1) Guarded from accidental contact of by unauthorized persons.

(2) Bight feet or more from the ground or grounded surface.

(3) When metal conduit and cable sheathg enclosing signal conduc-
tors or supply conductors of not more than 300 vqits to ground are
not exposed 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
grounded by the sheath, if the sheath itself is in good contact with
earth or is connected to a permanent and effective ground. (See Sec-
tion 103 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 this is impracticable the switches should be 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; Thig order is not intended to prohibit systematic transposi-
tion of conductors.

Order 1207.

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 free and against abrasion by interposing be-
tween it and the tree sufficiently non-abgorptive and substantial insu-
lating, tubing or strip, or the use of tree wire.

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

Tree Trimming.

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 struc-
tures shall comply with the requirements of Section 122,

(b) Special Precautions. 7

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 bhe
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 curh (unless structures
are suitably protected from traffic) of not less than 6 inches.

I_{ota: (1) Tt is recommended that the clearance of poles from
hydrants and signal pedesials be not less than 4 feet.

(2) When hydrants are located at street corners, poles should not be
Fet. 80 'i;il‘*_from the corner as to make necessary the use of fiying taps
inaccessible from the poles. (See also Order 1215-a.)

(b) Guards.
! gré-tgce:s-sary, poles and towers exposed to abrasion or other
e which would materially affect the strength of the support,

shall he protected by guards.

Clearance from Rail.

| here railway tracks are paralleled by overhead lines, the poles
ha practicable, be located not-less than 12 feet from the near-
£t ::k l;r_a‘il, except that at sidings a clearance not less than 7
allowed. At loading sidings sufficient space must be left

r a driveway.

gigpjla.art..s fqr overhead trolley contact conductors may be lo-
ar _thelr own track rail as conditions require. If very close,
Tmanent sereens on cars will be necessary to protect pas-

otection from Fires.
es @-nd towers shall be so placed, guarded and maintained

Ef'sed as little as practicable to brush, grass, rubbish
 TES.
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Order 1212. Guys and Anchors.

(a) When Required.

When the mechanical loads to be imposed on poles, towerg
other supporting structures are greater than can be safely
ported by the poles or towers alone, additional strength Shall bg
provided by the use of guys, braces, or other suitable constructioy

(b) Angles and Dead Ends.

Guys shall be used when necessary to balance conductor stress&’,
as at corners, angles, dead ends, and changes of grade of constrye.
tion.

Note: This is to prevent undue increase of sags in adjacent Smﬁ's
as well as to provide sufficient strength for those supports on whm,
the stresses are considerably unbalanced.

(c) Guys Take Total Load. .a;é.

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

(d) Guy Fastenings.

Guy wires shall be stranded and where attached to anchor
shall be protected by suitable guy thimbles or e '
and other soft-wood poles to whlch any guy ha
10,000 pomdo or mo:e is att '

this Borisontet dmtaﬂa from mdlm to pole -
the vertical distance from the ground line 1
ment.

(e) Guy lmidab"oﬁ
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Order 1213, Insulators or Mechanical Guards h‘ w
Span Wires, :

(a) Where Required.

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

Exception: (1) The placing of an insulator in a guy wire or guy
cable will not be required where the guy wire or guy cable is electric-
ally connected to grounded steel structures or to a ground conmection
on wooden poles.

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

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

(b) Two Insulators.

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

ctor \a{mmmwvmmmmd two or more insulators

: would otherwise exist, be used so that so far
on of the guy wire shall be between
lator shall be within 8 feet from the
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. that in case any guy sags dow : |
_so placed . . .
Slators will not become ineffective.

Currcnt-currying p

i

. ELECTRICAL CODE-—¢ ) .
n upon another the in- DE ORDER 1215

sy arts of switches, automatic circuit breakers
and lightnin £ i re ths :

e St st feast equsl s l'g » g arresters, if of more than 300 volts and located on
hall have € climbing side of the pole, shall be enclosed or suitably guarded

. which installed. ; :
in h they are inst if less than 20 inches from the pole center, except when located on

o or ab9v§ the top crossarm. The spacing between transformers
w» bracket span wires shall have two  and similar equipment of supply lines, and signal equipment in-
1 een each point of support of the f:ludmg conductors shall not be less than is required for the spac-

contact conductor supported. ing bfttween supply conductors and signal conductors in similar
” ermitted in trolley span wire situations. (See Table 8 Order 1223.)

: rting only trolley, A
"};:sus:l:)p:eratigon of the rail’ (¢c) Working Space.

ng other conductors when All current-carrying parts of switches, fuses,
against the highest voltage  also transformer connections and other connections which may
3 require operation or adjustment while alive and are exposed at
such times, shall be so arranged that in their adjustment while
B i may be alive,.the hand need not be brought nearer to any other current-
vcaen 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,

it least 8 feet from the
pension ropes or chains |

Order 1215. Branch Connections.

(a) Accessibility.

Connections of branches in supply circuits, service loops, and
i’_f}equipment in overhead construction shall be readily accessible to
~authorized employes. When possible, connections shall be made
at poles or other structures. (See also Order 1211-a.)

(b)) Clearances.
Qﬂch connections shall be so supported and spaced that swing-
 or sagging cannot bring them in contact with other conductors

nterfere with the safe use of pole steps, or reduce the climbing
ateral working space. (See also Orders 1225 and 1226.)

3m Lamps. (See also Order 1363 Section 136 Part

parts of lamps and all such parts of their
cely insulated from the parts carrying cur-
“not less than 20 inches from surfaces of



[NDUSTRIAL COMMISSION OF WISCONSIN
intained at a suitable

e structures if of wood and ma helgh

: ys and footways.

 Lamps at pole tops may have less clearance thgy, &

s are maintained on the side of the pole strugy,,
.d as the climbing side this clearance mgy N

I.“o
&m for lighting units arranged to
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(d) Pole Setting.

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

(e) Pole Identification.

(1) Each utility owning in whole or in part poles, towers, or

frames for supporting supply or signal circuits shall mark each
such pole or structure with the initials of its name, abbreviation
of its name, corporate symbol or other distinguishing mark by
which the ownership of such structure can be determined readily
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 utility, marks need be affixed to but
one structure of each pair.

(2) Where only one type of utility rendering one kind of service
owns poles, etc., in a community, exclusively owned poles, etc., need
not be marked except at division of ownership points where adjacent
poles shall be marked.

(3) Where more than one utility furnishes the same kind of serv-
ice in rural communities only every fifth exclusively owned pole, etc.,
need be marked. At division of ownership adjacent poles shall be
marked.

3 (4) This rule need not apply to rural, mutual or roadway telephone
~ companies except that poles, etc., jointly owned and at railroad cross-
~ ings shall be marked.

(5) None of the above exceptions apply to poles located at railroad
crossings. Poles used at railroad crossings shall always be marked.
- Note: The marking of any pole within six spans of the crossing
~ will be considered compliance with this exception.

~ (2) The identification marks shall be made with paint, stamps,
' metal tags, brands, or other effective means. The marks shall be
such size and so spaced and maintained as to be easily readable
18 the gfmd-
ote: It is recommended that such markings be placed between
e and seven feet from the ground. The Railroad Commission of Wis-
sin has arranged for the manufacture, in quantities, of metal tags
ble for marking poles in compliance with this order. The name
.mmwwwmnthuemwmmmmum on re-

or maintenance shall be of a mater;
to withstand climatic conditions anq
ng unit. The lowering rope or chain, j
hall be examined periodically. (S

ds to which they may be su;
on them. (See also Ord

»otmrentihttujomﬂyewmngany
' .Moiachutﬂxtyshanbe



ON OF WISCONSIN

I
INDUSTRIAL COMMISS

5 ownership " OCCllpancy : ELECTRICAL CODE—ORDER 1220
ts or agreements between y (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
1 be of copper, aluminum (with 27 inches for spans up to 150 feet.

per-covered steel, or other mg.
sively under the prevailing cop.
ot copper-covered, conductors  Alone

3 b7
nded that all ]

omme
It is rec tten contrac

covered by Wri

5

TABLE 2—MINIMUM SIZES OF SERVIOE LEADS OF NOT MORE THAN 750 vorTms

Situation 8pan 150 Feet or Less
.................................. }No. 10 if soft copper.

No. 12 if medium or hard copper.
No. 12 if steel.

Over trolley of less than 750 volts.......... 3
Over any trolley in rural districts.......... No. 8 if soft copper.
be not smaller <
Cts Shall € Over supply lines of 750 to 7500 volts....... No. 10 if medium or hard copper.

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

: DUCTORS (URBAN DISTRICTS) Over trolley lines of more than 750 volts in Y :
i . No. 6 if soft copper.
) i T S R R R SR N it i %

Over supply lines of more than 7500 volts in 0. 8 if medium or hard copper.

.
i NOo. A . W. G fgs No. 9 if steel
‘:‘:._"““-” §°' g gﬂWW G(', e B U s R B S T B e B e O e,
¥ | No. - . G

(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,
i Order 1246, and shall have sags not less than required for Grade
C in the sag tables of Appendix A.

(¢) Cabled Service Leads.

~ In lieu of separate conductors supply service leads may be
ouped together in a cable, no individual conductor of which shall
f less size than permitted for separate conductors. The sags
1 be the same as required above, for the individual conductors
re carried separately.

ans Over
Bpm Feet

122. CLEARANCE AND SEPARATION OF WIRES.
A ~of Conductors and Wires at Cross-

i
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‘()‘\l MISs :
REAR: s y j ” . AYS, ETO.
INDUSTE . has fixed supports and g, ABLE 8.—CLEARANCES FROM RAILS, STREETS, HIGHW
or wiré has ‘ TABLE 8.—CLEA e O;
o ; 2le ces In fee 4 he side o
ondlusc(; feet. k wlrf“('r]:;'o(:;”(r"ll:[::;?s :;’)llt(".;‘(,:((;::tll:'lall:";l::.l’l.ﬁg of columns above places specifled at t
ceed 2 " the table. T
Cads as fOHO\Nb : 2 e e .I:.”.‘..'.:,:___, i e
r x . h v == < O X
el ¢ poles; Penaty, Section Lz, § it | dags | AROR
; Place 0 ay, with the written Congep si‘(),;';cngers,': e (t) p\?(l;?tt:‘:l;gs\' et
0 OF corporation M. 'ld operate a line of tg), | Gi‘%’sh%’,’;’:'! "5,-33:%&)08’ ** from | _contact
town, construct :;pose of transmitting ligy P’,ﬁmmo,& ; Golts to ! Wow - [ CetcRgon
G 3 1 y Wires, an 3
o 1 thte :ny highway, subject to thel Nature of Orossing S“prpely Limesj ‘%‘?;2‘” 50,000 cables)
ts O & 18 es [
e nmu:onmmed' & ull,]ésse'i.“t’ufn Between & fﬁnggm
; truction of such lines shall be set j} &)(()}lyooulg%to Conductors
with the use of such highway by thf |
i 'm‘ land by the owner thereof,: e | S o s
) oe
ﬁﬁm shall be not less than tWenty- . Orossing above track rafls of 0 28
nd not less than fourtee ROOANT TRATONAE wsineossmitimatin (1) 27 | @) 28
crossings a Alonglstreets or alleys In urban 5 5 - Mg
bea (44 ’ L L R R R R AT
- places. Orosslngqstraeta or roads in urban g
k. OF TULRL AISOIIOUB o s i i 24 24 24 .
Heights, Section b é}onx' the li;mds in rural districts| (2) 14 18 20 3
nce, 9 ossin above spaces or ways
- D"Sta 4 ‘ ncccss‘fble to pedestrians only...| (4) 10 15 ’ 17 3 16
, firm or corporation to strings (Reference numbers refer to exceptions and additions below.)
: ks of any steam railroad coms
p ?mmmns of this section. Al Exceptions and Additions to Table 3.

‘double crossarm attached to
joles shall not be less than s
than five feet in the groun
right of way is not of great
hnhdred feet apart at su
0 insulators on pins set in U
ached to the poles by mach
from each crossarm to *
not less than twentyf
crossing except the st
less than twenty-two f¢

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

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

) This clearance is the minimum clear height in the middle of the

¥ contact conductor span and the point of support at the trolley

er should be at a height not less than 2 feet in addition to thi
, s
nimum, thus allowing 2 feet for the total maximum sag at 60° F.
Span wire and trolley contact conductor,
or trolley contact conductors of more than 750 volts to
| cemn’bommm“dbylm' o i
: _ i 1 F‘ormsatm t will be s
 Penalties, Section 17752 % i L aasiny sorved
Sconsin is hereby veste® " ‘
Sections 1778.a—1 and m:m
oo ordered by the commisel
' With Section 1773.9—1 and 1778
T Within ten days "
tattor forfeiture of tw
' "VITe for every ten days
_ ®, ‘“::mrofthe commission,
P o e 2150 1l e i
€r provig X
lection of torteitnres." .

RS
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3) Where the low y con
raigs )is supported by suspension mnsul
shall be sufficient 10 prevent the

iven in table abov .
%:lrough the breaking of a conc

(4) Provisions for increased clearances
‘more than on¢ applies.
Note: The arrangemen

from ‘uplmmont toward th
-mm::‘o over the clearances glven.

(c) Conductors and Wir

Crossings.

on the same poles for w

3 »
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pply conductor at a Crossing over trag
ators the initial clea
minimum clearances over i

t of insulators s0 that they are rest
e crossing will avoid the necessity of s

1
es Crossing Others. Clearances

than that given in the following table ¢
ere the upper conductor or wire has fixg
he distances from the point of interse (4) Trolley feeders are exempt from this clearance requirement it

of trolley contact conductors and assoclats
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Note: (1) Reference numbers refer to exceptions and additions be-
low

(2) An asterisk before a clearance Indicates that lines operating at

bove from being reduced more than 10 per cey the voltages stipu'ated at the top of the column in which the clear-
luctor in either (ldjOining Spn: ance in question appears should not cross over the type of line indi-

are cumulative whaj

cated in the horizontal heading for thig clearance.

: Exceptions and Additions to Table 4.
:ﬁ (1) Completely insulated sections of guys to supporting structures
having no conductors operating at voltages higher than 7500 may have
4 less than this clearance from each other,
i (2) A clearance of 2 feet will be permitted where the supply conduc-

tor {8 above the signal conductor provided the crossing 18 not within 6
feet from any pole concerned in the crossing and the voltage to ground

M Splce between the loweSt.overhead “qe COnductol- 3 does not exceed 300 volts,
any other conductor or wire over which the fo e
xcep! for cmssmgs betwecn conductors and guy wire : 6 feet Cleﬂr{mce. This clearance should also be provided over lower
hich see Table 5, Opdlf Vo!tage troley contact conductors unless the crossover conductors

(3) Trolley contact conductors above 750 volts should have at least

are beyond reach of a trolley pole leaving the trolley contact conduc-
tor or are suitably protected against damage from trolley poles leav-
ing the trolley contact conductor.

!'4' o structure of each span does not o 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
at 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
~supported by suspension insulators, the clearances above lines

1l be increased sufficiently above those given in the pre-

~ceding table to prevent the clearances from being reduced by the

~ breaking of a conductor in either adjoining span by more than 2§

~ per cent below the specified clearance.

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

. The arrangement of Insulators so that they are restrained

q(rgént toward the crossing will avoid the necessity of any
16 clearance given.
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(b) Increased Line Conductor Separations and Clearances at
the Supports if Suspension Insulators are used.

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

(2) Where suspension insulators are used and are not re-

. strained from movement the conductor clearance from surfaces of
. supports, from span or guy wires, or from vertical or lateral con-
ductors shall be such that the value of clearances required by
Table 5, Order 1221, will be maintained with an insulator swing

| of 45° from the vertical position.

- Order 1223. Minimum Lateral Working Space and Vertical

Separation between Conductors at Different Levels.
(a) Height of Working Space
The lateral working space between supply conductors and be-

. tween supply and signal conductors at different levels shall have
- an approximate vertical height of not less than that given in

Table 8 of this order with a minimum of 2 feet,

(b) Width of Working Space.

This space on the climbing side of the pole extends laterally
from each side of the climbing space to the outer pin position of
“the arm and with a minimum horizontal width from the face of
 the crossarm equal to the width of the climbing space required for
the highest voltage conductors concerned. (See also Order
 1225-a.) |
~ (¢) Freedom from Obstruction.
~ No vertical or lateral conductors shall obstruct this working

space.  Such conductors, if not on the opposite side of the pole

com the climbing side, must be at least as far from the crossarm
Ithe width of the climbing space required for the highest voltage

4. ¥ - Buls it o e Y o ¢
’ g 8 Y | y v . e Yoy
‘) AL e G, - S R iy A ) o I N R e
SR Rl T R e 3 b Wl D o5 , g ]
W .
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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 increasing the spacing between
the line crossarm gains.

(e) Minimum 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 at different levels where men are not.
permitted to enter the spaces while the lines are alive..

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

Note: In general conductors of lines operating at the voltages in-
dicated at the heads of columns are to be installed at levels above those:
at lower voltages to the left of the table when carried on the same:
structures with the exceptions in (f) and (g) of this order and in
Orders 1221-h, 1254-a and 1273-d.
TABLE 8.—MINIMUM VERTICAL SEPARATIONS IN FEET BETWEEN LINE

CONDUCTORS OF THE SAME OR DIFFERENT VOLTAGE CQLASSIFICATION
WHEN OARRIED ON THE SAME STRUCTURE BUT DIFFERENT COROSSARMS

Supply Conduetors at Higher Levels

Different| Same

Conduetors at Lower Levels 750 7,600 | Utilities | ULility
0 to to 15,000 15,000
to %,600 | 15,000 | _fto t0
750 | Volts | Velts |”60,000 | 50,000

Volts (@] @ Volts Volts

Teet Teet Feets Teet ‘ Feeb

Signal lNes —oceco-ooom—mmcmomonooomome (3 4 4 ]

Signal lines used in operation of sup+
Dly 1iNES _mmemmmcmmmemmmmmmm o

0 to 750 volts

750 to 7,500 VOIS cmommcm oo mmmmmmmm| mommmemmee 2

7,500 to 15,000 volts_ - | —

T =]
EGha @

(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
below those given in the table by an amount not to exceed 8 inches
where the tabular clearance is 2 feet or 4 feet, and by an amount not
to exceed 12 inches when the tabular clearance is 6 feet.

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

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

(2) This shall be increased to 4 feet when the signal conductors are
earried ahove supply conductors unless the signal line conductor size
ig that required for grade C supply lines. :

(3) In localities where the practice has been established of placing
on jointly used poles, crossarms carrying supply circuits operating at
less than 300 volts to ground and crossarms carrying signal circuits at
a vertical separation less than that specified in the table, such exist-
ing construction (provided the minimum gseparation between the cross-
arme is not less than 2 feet) may be continued until the said poles are

replaced; provided, however, that extensions to existing congtruction

ghall cg_nform to the clearance requirement specified in the above table.
When signal wires are all in cable a supply crossarm carrying only

:Wirgg. operating at not exceeding 800 volts to ground may be placed
at not less than 2 feet above the point of attachment of the cable to
the pole; provided, that the nearest supply wire on such crossarm shall

be at l:east 30 inches horizontally from the center of the pole and the
cgb_le_- be so placed as not to obstruct the climbing space. (See also
Order 1225-a—3.) :

(f) Pertical Arrangement of Conductors.

Supply conductors of the same circuit arranged vertically on
separate crossarms may occupy the same crossarms with supply
uctors of the next consecutive voltage classification (see

Table 8 of (e) above) similarly arranged, provided the clear-

at (Order 1221) and climbing space (Order 1225) specified for
the higher \:r;ol_f:a,ge are maintained at each level concerned. When
i _‘“'-'t;ged, the minimum vertical separation between crossarms

| be that required in Table 8 of this order for the highest

ge concerned. .

t: 1f the full width of climbing space is maintained
and at least 4_§eet above and below. (See Table 5,
21, for necessary clearance from surface of poles.)
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Order 1224. Conductors of Different Sags on the Same
Supports. i :

(a) Variation in 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° T. 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
game sag for the sake of appearance oY to maintain unreduced clear-

ances throughout storms, the chosen sag should be such as will keep
the smallest conductor involved in compliance with the sag require-

ments of Order 1246.

Order 1225. Climbing Space.

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

All poles or structures carrying crossarms supporting supply
lines alone or supply and signal lines on joint poles shall be ar-
ranged and maintained so as to provide an anobstructed 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 volts to
ground the climbing space shall be not less than 24 inches.

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

(3) When lines of voltages between 7500 and 15,000 volts ar€
worked on or climbed ‘through when alive a climbing space of af
least 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 suppli
conductors not exceeding 7500 volts the climbing space require
for the supply conductors shall exterid up to a point at least 4 fegl
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above the highest supply conductors carried on the pole. If the
supply conductors exceed 7500 volts this distance shall be 6 feet.

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

The above provisions do not apply if the unvarying practice and I;ub-
lished operating rules of the employers concerned prohibit employes
trom ascending beyond the conductors of the given line unless the lines
are killed or protected by suitable shields. In such cases if the con-
gg:ﬁiltie{femte at less than 15,000 volts, a 24-inch climbing space is

(2) Protected Vertical Conductors.
_ Vel_'tical rung incased in suitable conduit or other protective cover-
ing (See Order 1226) and securely attached to the surface of the pole
or structure and the pole or structure itself when included in one side
or corner of this space when buck or reverse arm construction is used
are not considered to obstruct the climbing space.

(3) Protected Longitudinal Runs.
y Longitudinal runs of cable or conductors are not congidered to ob-
struct the climbing space if no supply line conductors carried on cross-
arms are within 4 feet above or below (See also Note (3) Table 8
Order 1223). Such cables or conductors must be protected W]::eﬁ Wi‘th'it:
20 inches from pole center by suitable guard arms securely fastened
to the pole, or by substantial insulating conduit, unless located above
supply line conductors or at least 6 feet below. If grounded metal
s}leathed cables are uninsulated from metal supports attached to wood
poles, similar protection shall be provided for such supports for at
least 24 inches from the pole center.

: Note: (_1) It is recommended that climbing space of at least 24
;ncl;ea hor:zontally each way be provided on poles carrying signal con-
uctors only, whe i '
e ¥ n such signal cogductors operate at voltages exceed-
ergs,;#“’here double crossarms are not used on any one pole and all
rms are parallel, it is recommended that th
the same gide of the pole. S
(‘-3‘)_"W1th lines qf v91tage of more than 15,000 volts the proper di-
ions of the climbing space will depend upon the particular condi-

(b) Special Clearance for Longitudinal Runs.
‘l?sgn;;?f:s.where longitudinal runs of supply conductors not over
qy:ra(;ks iie supp.orted near the surface of the pole as by brackets
,pgmtg .1 on pins close to the pole, unless they are located at
e at east 4 feet above or below other supply conductors car-
i clossarms, sufficient side clearance from the pole center
_ provided for the line conductors on the adjacent cross-

.@ﬁqrd the full width climbing space for at least 4 feet
nd 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: Provisions (a) and (d) do not apply to portions of a
pole which workmen never ascend while the conductors in question
are alive.

(a) Climbing and Working Spaces.

Vertical and lateral conductors, ground wires and metal
sheathed cables shall not 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 inter-
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 ofl
fixed supports shall have the minimum separations and clearances
from other conductors, conduits, pole surfaces and guy, span ot
messenger wires provided below. Where not so supported greater
separations and clearances shall be used. (See also (c), (d) and
(e) below for exceptions.) :

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

(1) From surfaces of supports and from other conductors d
the same circuit 3 inches for 7500 volts or less, plus .25 inch fo
each 1000 volts over 7500 volts. (Highest yoltage concerng
should be used as basis for calculation. Also see exception undd
Note 2, Table 5, Order 1221.)

(2) From span, guy or messenger wires and from conductol
of other circuits 6 inches plus 0.4 inch per kilovolt (highes
voltage 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 c&
ried through a space occupied by signal circuits shall be inclose
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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) Inthe 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.)

Exception: Vertical and lateral conductors of street lighting cir-

cuits and service leads of less than 750 voits may be run on the street
side of the pole in multiple conductor cable having suitable substantial

insulating covering if such cable is he.d taut on standard insulators-

supp'o;'ted on pins or brackets and so arranged that the cable shall he
held at a distance of approximately 5 inches away from the surface of
the pole and from any pole step.

(d) Pertical Conductors Through Supply Conductors. (See
also (e) below.)

Vertical conductors of not more than 7500 volts shall clear the
pole centers by not less than 15 inches for a distance of not less
than 4 feet above and below any open supply line conductors
which are of not more than 7500 volts when the latter are carried
on or Wi_thin 4 feet of the pole. If the vertical conductors are of
;;;_g;g;tkgan 7‘50_'0' volts this clearance shall not be less than 20 inches
If th.e_-au,pp’ly line conductors are of more than 7500 volts the cIear:

a om pole center shall apply for a distance not less than 6

yve and below.

Iixceptions: (See also (e) below.)

@al a,'nd_ lfa.te?al supply conductors, including ground wires

hﬁ epl;;i@afid m. m{mlated conduit or in metal conduit or cable

m% n nm}l_-?,tmg covering, or wooden moulding if wire is used hav-

: aild ‘:v.ve.x.a.tha_rprouf insulation, whenever within 4 feet from
n_aes of less than 7500 volts or within 6 feet from open

2 _&l}d ls_z;taral conductors in metal sheathed cables and
» when installed on poles used only for supply lines and
:'_ﬁa,f-lin.:qon-structi'on when the lines are carried only on
€ poles may have the insulating conduit or covering
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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 volts or within 6 feet of open sup-
ply lines of more than 7500 volts. If distances are less than the above
the conductors shall be incased in insulating conduit or in other sub-
stantial insulating and protective covering. ;

(e) Mechanical Protection Near 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. _

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

(f) Conductors not in Conduit.

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

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

(a) Clearances from Poles.

Where conductors of one line are carried within 6 feet from a
supporting structure of a second line, and are not attached thereto,
the clearance between the conductors of the first line and any pat
of the supporting structure of the second line shall, if practicable
be not less than 3 feet at 60° F. and no wind. In no case should
this clearance be less than the values required by Orders 1221 and
1222, for separation between similar conductors on the same sup
port, increased by 1 inch for each 2 feet of the distance from the

structure of the first line. The climbing space on the structure o
the second line shall in no case be reduced by a conductor of
first line.

|-

supporting structure of the second line to the nearest supportinf

|
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(b) Clearances from C onductors.

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 Buildingé.

(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.

(c) 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 neatrer than 8 feet above the top of any building or above
any balcony or other platform crossed over.

Where the above clearances can not be provided or where

conductors are placed near enough to windows, verandas,
apes or other ordinarily accessible places to be exposed

't of persons, the conductors shall be properly guarded

nduit barriers or otherwise.

‘.Cléara}nce of Lines of_M ore Than 7500 Volts.

nductors operating at voltages exceeding 7500 volts (unless

ded conduit or metal sheathed cable or otherwise rendered
le) must be carried at such height and distance from
as not to interfere with firemen in event of fire. If

.
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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:

Flevation oii Wire Above Cornice
o

Distance of Wire From
s Buildi Building

1ng

Treet Teet
25 0
20 2
15 4
10 6

5 8
2% 9
o 10

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

_tance of the line must be reckoned from the nearest point of the
building instead of from the cornice.

(e) Where Attached to Buildings.

Where the permanent attachment of open supply conductors of
any class to buildings is necessary for an entrance, conductors;
operating at over 300 volts to ground shall not be carried along
or near the surface of the building unless they are guarded or
made 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 passing over buildings e
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 arran
that they do not come within 3 feet from any readily accessible
wing wall or other readily accessible portion of any bridge or its
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attachments. For conductors operating at voltages above 7500
(unless in grounded conduit or meta_l__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 or repair) when attached thereto shall where practicable
be so arranged that they do not come within the following dis-
tances of any bridge or abutment.

Operating Voltage Clearance in Feet

Sl
mozom

(¢) Ordinarily Inaccessible Portions: Where Not Attached.

Open supply conductors passing over, under or near a bridge
(other than brick, 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 Olearance in Feet

Bosmw
Qoo o

K : The clearances as given above are minimum and should be
reased as much as practicable.

\ESMPP]Y ‘_cn_m_,dl._lctors attached to bridges are supported at
ﬂt&wals, their separation may be less than that specified
s 1221 and 1222, but not less than that required by Order

} Separation in Inches

e i

| 9
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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 firom making connection between the trolley
contact conductor and the bridge structure.

(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 followingI
or equivalent sign “DANGER—DO NOT TOUCH.”

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

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

(a) Various C onditions 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.

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

(I1I) 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-
scribed 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_
gignal lines and to neighboring lines as given in Order 1289.
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(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: TFor example, if @ 2300 volt line crosses in the same span over
a signal line and a direct-current trolley line of more than 750 volts the
9300 volt line would be required to comply with Grade A construction
af the crossings. This ig a double crossing and introduces a greater
hazard than where the upper supply line crosses the signal line only.

(c) Arrangement of Relative Levels.

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

be carried at the higher levels.
Note: It is recommended that, where practicable, lines be arranged,

- hy mutual 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 1920 for relative levels.)

(2) Where circuits of different classification are concerned in a
crossing, 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-
ductors, shall, where practicable, be so separated from each other
that neither conflicts with the other.

(2) If this is impracticable, then the conflicting line or lines
shall be built of the grade of 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.

owing supply lines in urban districts shall comply with
uirements of Grade B, except as given in (b) and (c)

. Lines of more than 7500 volts.

) Lines of any voltage where carried above lines of more
00 volts.
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(b) Grade C.

The following supply lines in urban districts shall comply with
the requirements of Grade C, except as given in (c) below:

(1) Lines of more than 7500 volts if in cable having perma-
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
voltages between 750 and 7500.

(¢) No Specified Grade.

The following supply lines in urban districts need comply only

~ with the general requirements of Sections 120, 121 and 122.

(1) Lines of voltages between 750 and 7500 if in cable having
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 Circuits.

Constant-current circuits shall meet the requirements for cit=
cuits of their nominal full-load voltage. :

Order 1232. Supply Lines in Rural Districts. (See also
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, cot
ficts with, or has common poles with the other, the upper one shall
comply with the requirements of Grade C, unless the line of highet
voltage is in cable having permanently grounded continuous metal
sheath or armor and is installed in compliance with Order 1274,

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

Exception: Supply lines of more than 7500 volts are exempted fron
this requirement if crossing over or conflicting only with service col:
nections 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 motre
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than 750 volts, need comply only with the general requirements
of Sections 120, 121 and 122.

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

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

(a) Grade 4.
- Supply lines carried over railways, operated by steam, electric,
or other motive power, except as provided in (b) and (¢) below,
shall comply with the construction requirements of Grade A.
(b) Grade B.
Supply lines carried over minor tracks included in the following
all comply with the requirements of Grade B.
(1) Spurs less than 2000 feet long and not exceeding two tracks
in the same span.
PBranches on which no regular schedule of operation is
ined. :
| Narrow-gage tracks or other tracks on which standard
stock can not, for physical reasons, be operated. :
~ Tracks used only tempotarily for a period not exceeding

cks not operated as a public utility, such as industrial

in logging, mining, etc. :
Railway Crossings. :
crossing over street railways on traveled portions
ed conform only to general requirements, but when
ley contact conductors shall have the same grade
as where crossing over supply lines of equal volt-
1231 and 1232.)

v Lines in Crossings, Conflicts, and Joint
with Signal Lines.
ot intended that the requirements of (a-1), (b-1),

‘apply where the signal lines concerned are indi-
wires only.

d :,slgnal lines under the conditions specified be-
vith the requirements of Grade A.
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(1) Constant-potential alternating-current supply lines nor-
mally operating at more than 7500 volts between conductors or
4400 volts to neutral or ground, or constant-current circuits of
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 (h-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.

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

(See exception above.)

(1) Constant-potential alternating-current supply lines mnor-
mally operating at voltages between 5000 and 7500 between con-
ductors or between 2900 and 4400 volts to neutral or ground, or
constant-current circuits of between 7.5 and 10 amperes, where
at higher levels and crossing over, conflicting with, or having
joint poles with signal lines (except as noted in (c-3) below for
certain signal conductors).

(2) ‘Signa.l lines carried at higher levels than the supply lines
specified in (1) where mvolved in crossings, conflicts, or joint
use of poles.

(3) Supp]y lines specified in (a-1) above when at hlgher levels
and' crossing over, conflicting with, or having joint poles with
signal lines carrying not more than four wires used mainly for
local exchange service, or only subscribers’ loops, or not more
than two local telegraph or fire alarm wires,

(c¢) Grade C.

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

(See exception above.)

(1) Constant-potential alternating-current supply lines nor-
mally operating at voltages between 750 and 5000 between con-
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.
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(2) Signal lines carried at higher levels than the supply lines
specified in (1), except as smaller conductor sizes are permitted
by Order 1283-d.

(3) Supply lines specified in (b-1) above when at higher levels
and crossing over, conflicting with, or having joint poles with sig-
nal lines carrying not more than four wires used mainly for local
exchange service or only subscribers’ loops, or not more than two
local telegraph or fire alarm wires.

(4) Signal lines carried over trolley contact conductors of
less than 750 volts shall comply with Grade C requirements as to
conductor sizes and sags except as noted in Order 1286.

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

(a) Grade D.

Telephone, telegraph, and other signal lines carried over rail-
ways operated by steam, electric, or other motive power shall, with
the exceptions noted below in paragraphs (b), (c), (d), and (e),
of this order compl with the construction requirements of

Grade D.

) Grade E.
lines carried over minor tracks included in the following
| conform to the requirements of Grade E.

€ same span.
ranches on which no regular schedule of operation is

used only temporarily for construction or similar
period not exceeding one year.

not operated as a public utility, such as industrial

Railways.

‘ carried over street railways not having overhead
tact conductors, need comply only with the general re-
0 signal lines alone, (See also Order 1288 and
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- (d) Trolleys.

Where signal lines cross over trolley contact conductors of lesg

than 750 volts to ground, they shall comply with the requirements
of Order 1283-d as to conductor sizes and sags. For trolley co
tact conductors of more than 750 volts to ground, the requirements
for crossing over supply lines must be met, namely, Grade A
direct-current trolley lines, and Grade A, B, or C for alternatings
current trolley lines, depending upon the voltage.

(e) Signal Lines Classed as Supply Lines.

Signal lines which are classed as supply lines shall, where cross
ing over railways, comply with the construction requirements a

Order 1233. (See Order 1289.)

Order 1236. Cooperation to Avoid Hazard. (See also Set

tion 127.)

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

Note: When supply or signal lines are projected which
parallel existing lines on Or along the same highway, street, alley, T

y the new construction should, unless

way or other rights-of-wa 0!
construction is recommended, be located on the opposite side of

highway, street, alley, railway or right-of-way from that occupied:
existing line or lines of the other kind, and on the same side with

own kind.

OTHER REQUIREMENTS FOR SUPPLY LINES

SECTION 124.
GRADES A, B, AND C.

Order 1240. General Strength Requirements.

(a) Preliminary Assumptions.
In the calculation of all stresses no allowance shall be made

deformation, deflection, or displacement of any part of the
porting structures.
(b) Transverse S trength.
The paragraphs which specify the transverse strength requ
ments for supporting structures relate to Grade B constri
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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 SFa

Grade A the transverse strength shall be at least 50 e.r =
greater than that required for Grade B. See also Appen dli)x ACent

Order 1241, Calculation of Stresses in Conductors

.. In computing the longitudinal stresses upon conductors and
Fhelr j'su.pports, and the sags corresponding to given Iimi‘;in
stresses in conductors, the loading shall be assumed as the rest 1‘:g
ant loading due to the weight of the conductor plus Zh_
added weight of a layer of ice one-half inch in radiI;I thicke
ness, combined with a transverse horizontal wind ressur_
of 8 pﬁ:).qn'ds per square foot on the projected area of P‘Zhe ice(j
red conductor. The minimum temperature shall be assumed

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

Order 1242. Calculation of Loads upon Line Supports

ported. | The thickness of ice coating shall be taken
: )(See Appendix B, Table 35, for vertical loads
S,

a.nd towers without ice covering.
signal conductor exemptions.)

surface
'é};;i%e% 11:119 assulm.ed unit pressure should be in-
" cent. ere latticed structures are concerned the

(See Order

GES;-IBM on the- opposite face; this total, how-
' pressure which would oceur on a solid struc-
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ture of the same outside dimensions. The results obtained by morg
exact calculations may be substituted for the values obtained by this

simple rule, if desired.

(c) Average Span Lengths.

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

(d) Average of Three Poles.

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

HException: An extra pole inserted in a normal span for the purpos
of supporting a gervice loop may be ignored, if desired, in the calculd
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 lin'
(other than those mentioned in Order 1234-b—3 and c—3), th
actual lengths of the two spans adjacent to the two structures cof
cerned, and the actual strengths of the crossing poles, shall B

used.

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

(a) Loads and Limiting Stresses.

(1) Steel supports, steel towers, and metal poles, to_ge:ther vi
their foundations, and guys when used, shall be so designed af
constructed as to withstand the stresses due to the loads assum
in Order 1242. Under those loads the calculated stresses in #
steel members and in the guys shall not exceed the follo_:_‘ !
values, which are intended to be limiting unit stresses, not
exccess of the yield point, beyond which the structures as a wi
would be liable to failure.
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Structural Steel:

L 178y oehEahe 00 o P 27,000 pounds per sqg. inch
CHFEEN I o O e 24,000 pounds per sq. inch
Compression ........ 27,000—90L

T

Bolts, Rivets, Pins:

(SHEN o o 24,000 pounds per sq. inch
AT e e 48,000 pounds per gq. inch
Bending .......00--- 36,000 pounds per sq. inch
TE3h o ia R One-half 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, the lowest
grade generally hayving a strength of about 60,000 pounds per square
ineh while the highest grade has a strength of 180,000 pounds or more
per square inch,

(b) Guys.

The use of guys to obtain compliance with these requirements
is regarded as generally undesirable. When the guys are neces-
sarily used, the steel supports or towers unless capable of con-
siderable deflection shall be regarded as taking all of the stress in
the direction in which the guy acts, up to their safe working load,

and the guys shall have sufficient strength to take the remainder

of the assumed maximum stress. (See Order 1212-c for flexible
towers.) :
(c¢) Total Minimwm Strength.

1 towers shall have a minimum strength sufficient, if all con-
s are removed, to withstand a transverse force three times
ymputed for the tower alone.

‘ 'Unlea‘s sample structures are tested, or similar structures
ested, to assure the compliance of structures in any line
S6 nggu_in_nents, it is recommended that structures be designed
omputed strength at least 10 per cent greater than that

y the rule.

(d) Foundations.

Steel te ,Et%sf or poles shall preferably be placed on concrete or

\__e".fpﬁnda.tlons extending above the ground line. If,

e steel is set in earth, it shall be suitably protected
corrosion at and below the ground line.

@ in many localities the soil and climatic conditions are
'he strength of foundations considerably from time to
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time, there should usually be provided a considerable margin of
strength in foundations above that which (by calculation) will just
withstand the stresses under the assumption of average conditions of

climate and soil.

(e) Anchor Towers.
When steel supports or towers are used which are not capable

transversely, anchor towers shall be placed, at intervals not greates
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.

(f) 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 :

TLegs, galvanized, 3/ ¢ inch; other members 14 inch,

Legs, painted, % inch; other members, 74 inch.

(2) Such steel poles or towers, including footings, shall be sg
constructed 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 lengti
of a compression membet to 1, the least radius of gyration of th
member, should generally not be greater than 150 for legs and 200
for other members having figured stresses.

Note:; The straight line formula given under (a) above for thi
allowable stress in compression automatically limits the stresses 1
steel members to safe values even though the ratio L/r is greater th_
the values given above. In other words, for larger values of L/r, dul
to increasing L., the value of the stress is reduced so much that nf

hazard can result.
(g) Protective Covering or Treatment.
All iron or steel poles, towers, ot supporting structures, and @
hardware, including bolts, washers, guys, anchor rods, and similé
parts of material subject to injurious corrosion under the prevai
ing conditions, shall be protected by galvanizing, painting, or ot
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 af
suys (when used) shall, when installed, be of such material a
dimensions as will withstand the loads assumed in Order 124

of withstanding approximately as great a force longitudinally agh
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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
has decreased to two-thirds that required for new installations for
Grades A and B construction, and to one-half for Grade C con-
struction.

(c) 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
‘the movement on wood poles (calculated as in Order 1240 and
1242) due to transverse wind pressure may be used in finding the
stresses in the poles, under the following circumstances:

(1) The poles shall be specially selected clear wood poles.

(2) They shall have dimensions not less than those listed in
"_I?a;bl_g:s%'l,_ 42 and 43, Appendix B-4. These dimensions corre-
‘-SPBnd__m poles usually classified as Class A for Grade A and as
Class B for Grades B and C.

( ) They shall be systematically inspected and maintained by
ent, repair, or replacement in accordance with 1244-b.
Minamaum Pole Sizes.
les in grades of construction A, B and C shall be of

timber free from observable defects that would decrease
‘ th and durability and shall have no less nominal top
than 6 inches, except that for Grade ‘A a minimum of 7
required.

1ys are used to meet the strength requirements for wood
oles, they shall be considered as taking, in the direc-

c;ass—‘&.:ectionﬂ dimensions of selected yellow pine
for Grades A, B and C construction shall be as
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For Grade C
234x33 in.
8 x4 in.

For Grades A and B
VAR b e S 3 x4 in.
GEOr SEDIN. et 314ix4Y in.

Exception: (1) Grade C signal line crossarms may be 2%1{3
inches for 6 pins, and 3x4 inches for 10 pins.
(2) If of other material they shall have at least equal strength.

(b) Crossarm Strength.
Crossarms for construction of Grades A, B, or C shall, when
installed, withstand the vertical loads specified in Order 1242 with
out the stress under these loads exceeding 50 per cent of the
assumed ultimate strength of the material. They shall also with
stand any unbalanced longitudinal loads to which they are ex:
posed, with a limit of unbalanced tension where conductor pulls
are normally balanced, of 700 pounds at the outer pin. '
(c) Bracing.
Crossarms shall be securely supported, by bracing, if necessary
s0 as to safely support all other loads to which they may be sub
jected in use, including linemen working on them. Any crossar
or buckarm except the top one shall be capable of supporting g
vertical load of 225 pounds at either extremity in addition to th
weight of the conductors. In general, they shall be maintained a
right angles to the axis of the pole and to the direction of th
attached conductors, and at wire crossovers shall be attached f
that face of the structure away from the crossing, unless speci
 bracing or double crossarms are used.

" Note: Double crossarms are generally used at crossings, unbalancel
- corners, and dead ends in order to permit conductor fastenings at
insulators, and so prevent slipping, although single crossarms mi
provide sufficient strength. To secure extra strength, double cross
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 af
C construction shall have sufficient strength to withstand th
unbalanced tension in the conductor, up to a limit of 700 pount
per pin or fastening.

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

(e) Height of Pin.

The height of the pin and of the conductor fastenings and il
material and cross section of the pin shall be so chosen as to affof
the required strength.
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Note: The method of attaching conductors by suitable ties to single,
pin-type insulators mounted on 1%x9 inch wood pins 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 strength both for the pins and for the cross-

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

(a.) Material.

All 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-
leling line conductors) shall not be smaller than indicated in the
following table, except that longer spans may be used with any
listed conductor size if the separations and clearances given in
Section 122 and the sags given in Appendix A are correspondingly
increased.

TABLE 9.—MINIMUM ALLOWABLE CONDUOTOR SIZES FOR SOLID OR
STRANDED OONDUCTORS

A. W. G. for Qopper and Aluminum; Steel W. G. for Steel.

MEDIUM OR HARD DRAWN COVERED COPPER WIRES

Limiting Span Length in Feet
150 | 176 200 [ 800

e - 6 4 4
- 8 6 4

BB

MEDIUM OR HARD DRAWN BARE COPPER WIRES

Limiting Span Length in Feet

150 175 200 800

= 4 4 4 2
= 8 6 4 4 2

400 ‘ BOO
2
2

BOFT DRAWN COPPER WIRES

-| Limiting Span in Feet
I 175
2
2
%

See 3
B bO g
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e e (3) Soft copper wire has a yield point less than one-half that of
\ Spans 150 Feet Spanlssﬁféieéﬂing medium drawn CODPEr, and hence stretches permanently with a cor-

a Le ]
Grade of, Lotk 3 respondingly lighter loading of ice and wind.
%-f__‘?:::::::::::::::::::::::::::::::::::::::::::::::\ 6 s (4) Copper wire doos not have so sharply defined a yield point a3
L : steel, but for practical purposes the yield point may be considered as
ALUMINUM WIRES WITHOUT STEET REINFOROEMENT that point beyond which the wire is permanently elongated and the
B e ¥ sag permanently increased. If the wire when first strung is pulled fo
Grade Spans 150 Fest | Spans Exceeding: a tension approximately equal to half its breaking strength and then
e e or Less || = 10 Feh released and tied, its yield point is thereby raised and it will be less
No B Gy Ol et ot e i g likely to stretch and its sag to increase materially under moderate
Pl e el - T ! loading of ice and wind.
ALUMINUM WIRES WITH STEEL REINFOROBMENT (d) Taking up Slack.
Slack sha n
Spans 150 Teet Spanmeﬁ‘ceedin cfkt?xh 11 .be taken up when, because (.)f the permanent elonga-
e, or Less ot of the wire or movement of supporting structures, the initial

MGl o] : ave so increased that the clearances or separations of con-.
6 4 materially below the requirements of the rules.

,ft copper stretches more than medium or hard, the
lack will he necessary chiefly in lines where soft wire is

gee Order 1219.

(c) Sags and M aximum Tensions. e :
: . Line Insulators for G :
In grades of construction A, B or C conductors of hard, mediu r Grades A and B Construction.

and soft-drawn copper and steel shall have normal sags at 60°
with no wind as nearly as practicable to those given in the tabl
of Appendix A. .
Exception: Less 8ags than those listed may be used if pins, fastel
ings, crossarms and poles of sufficient strength to withstand the g
responding increase in longitudinal stresses are used, but sags shall I
be so decreased from the tabulated values, that, under the maximul o and maker
assumed loading, the tension wiil exceed 50 per cent of the hrea b o applied 'aé o tl]%lrs ;:la.m(? or trade-maﬂ.{.
strength of the conductors concerned for Grades A and B construc insulator. o alEetalonl on Mechan .
and 60 per cent for Grade C construction.
Note: (1) The sags given for copper in the tables are based upo
experience and are designed to give the best results from the stap
point of safety and continuity of service.

gh Voltage Insulators.

T _f_g_r— ‘ope‘r.ation on supply lines at voltages exceeding
hall be of porcelain or other material which will give

sults in respect to mechanical and electrical per-
mmended that such insulators be marked by the

lators.
ators are used they shall have the same elec-

(2) In order to minimize the danger from wires swinging togetl et mSUIatO_rS on the line when under the
and to permit the moderate pin spacings and crossarm spacings ses to which they may be subjected.
tioned by modern good practice in overhead line construction, s at Grounded Structures

necessary to assign a limit to the sag, and hence to the recommel :
length of span of the smaller sized wires, as indicated by the b
spaces in the tables. Longer spans may, however, be used with
listed conductor size if separations and clearances (given in Se
122), and the sags given in Appendix A are correspondingly increas
It is recommended that medium hard-drawn copper wire be used
stead of soft in new congtruction, especially for sizes smaller
No. 2.

and crossarms or other ungrounded sup-
ve spans of a crossing span at which the
"“';s,w's-tt_ael towers, or other grounded struc-
at the grounded supports shall be capable of

flash-over a voltage 50 per cent higher than
ungrounded supports.
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Exception: Where the supporting structures for the crossing ;1;;];
are the same with respect to grounding as for the other parts O
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. -

Insulators shall be capable of withstanding withnmf ﬂasl}—over
at a frequency of 60 cycles per second the values given in the

following table:

TABLE 10
= Test Voltage
Voltage of OCireulb
Dry Wet
5,000 3,600
s 11,000 8,000
L 17,000 13,000
e 27,000 20,000
o . 30,000 22,000
fran . 27 40,000 30,000
1,09 75,000 55,000
s 0 105,000 75,000
34000 185,000 95,000
g 160,000 115,000
i Ll 185,000 185,000
b 235,000 170,000
e 285,000 200,000
1601000 - i 275,000 235,000
%g{,o% 490,000 250,000

Note: (1) By the term ‘;wet" ig meant a condition equivalent to a pre:
cipitation of one-fifth inch of rain per minute at an angle of 45 dagrees

to the axis of the insulator.

(2) Each insulator for use on lines operating at voltages in excess of
15,000 should be subjected to a routine factory dry test at the values

given in table above for a period of 3 minutes at a frequency of

cycles or to any other test sanctioned by good modern practice, such as

high freguency tests.
(f) Protection Against Arcing.

In installing the insulators and conductors such precautions as
are sanctioned by good modern practice shall be taken to prevent
as far as possible any arc from forming or to prevent any at€

which might be formed from injuring or burning any parts of t

supporting structures, insulators, or conductors, which might ren-

der the conductors liable to fall.
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Order 1248. Special Transverse Strength Requirements.

(a) Alternative Construction in Special Cases.

In the case of 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 side-guyed structures for each such section of 800 feet or
less shall be constructed to withstand the calculated transverse load
‘due to wind on the supports and ice-covered conductors, on the entire
gection between the side-guyed structures.

(2) The line between such side-guyed structures shall be substan-
tially in a straight line and the average length of span hetween the
gide-guyed structures shall not be 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, except 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-

n in lines of grades A and B construction shall be such as to
ithstand, under the conditions of loading- prescribed .in Order
1241, an unbalanced load equivalent to the combined pull in the
rection of the transversely weak section of all the conductors
pported up to 10,000 pounds plus one-half the excess for grade
, or plus one-fourth the excess for grade B.

Note: If the unbalanced tension in any conductor does not exceed
pounds, the necessary strength will usually be provided by the
of single wood pins, and if the tension does not exceed 2000

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

er 1249. Special Longitudinal Strength Requirements for
. Sections of Grades A and B Construction in Lines of a
Lower Grade of Construction (or adjacent to Angles or
- Dead Ends).

a) Required Strength.
e supporting structures (including poles, towers, crossarms,
llator 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 required longitudinal strength may be located one or more span
lengths away from the section of higher grade, within 500 feet on either
side and with not more than 800 feet between the longitudinally strong
structures, provided such structures and the line between them meet
the requirements, as to transverse strength and stringing of conduct-
ors, of the highest grade occurring in the section, and provided that the
line hetween the longitudinally strong gtructures is approximately
straight or suitably guyed.

Note: (1) When supports of the section of higher grade are capable
of considerable deflection in the direction of the line, as with wood or
concrete poles, or some types of metal poles and towers, it will be
necessary to increase the normal clearances specified in Order 1220 or
to provide head guys or special reinforcement to prevent such deflec-
tion. So called flexible steel towers or frames if used at such locatio
shall be adequately reinforced to meet the requirements 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 requirements may also be met by distributing the head guys
over two or more structures on either gide of the crossing, such st
tures and the line between them complying with the requirements
the crossing as to transverse strength and as to conductors and thei
fastenings.

(Vb) Modified Strength Requirements for Heavy Lines.

(1) In cases where the line is approximately straight on bt
sides of the section of higher grade and in line with it, the streng
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 grade
and plus one-fourth the excess for grade B, if the line on on
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 sect
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.
i ;lies I::Gt r‘iormc:dly balanced by the conductors of the line beyond
onstruction, the construction shall be such g to wi Y
the total combined tension. il
2 p ; j
(2) Where the section of higher grade is not in line with the

line beyond this sectio i
; n, suitable guys sh .
the resulting transverse stresses. guys shall be placed to withstand

SECTI .
ON 125. REQUIREMENTS FOR SUPPLY LINES, INCLUDIN
ELECTRIC RAILWAY FEEDERS, , 2

Order 1250. Compliance with Other Orders.

(a) Grade B or C Construction.

In addition to the requi
i quirements of Sections 120, 121
th(; requirements oif this section shall be met by alIJsupp'l arll:ril 12'2’
]gr an Car.id rura.l districts where a definite grade of con};tms:i 4
Bf, 2:05 is required by Section 123, except in the important cas(::;
sings over railways or signal lines i

. : , conflicts, and joi
use of poles, which are covered by Sections 126 and 3127 s

(b) Special Strength. .

Special longitudinal strength requirements are made in Order

1249 fo] CIOSSingS Of Sllp[)]y Il‘]l S '.[ ] : “() V
" ] [

: : €S 0 €8s than 5 Olts and Of
j.‘.th' an ;500 Volts, mn ul’ban diStI‘lCtS.

g 7500 volts over supply lines of more

(¢) Dead Ends.
Where supply lines of more than 7 500 volts in urban districts

a&m mne to dead el’ldS or t i I‘[le ([“ eCcr1 Vv
: O Chan €es In 1 i i W
7 : ; ) g on (e €1 here 1no

mngit‘udinal strength requirements of Order 1249

shall have construction complying with the

) Clearances.

1 clear i 4
ances of conductors and wires above roadways rail
3 =

/s and footways, and f "
B oo, o7 snato etor end wies see

r 1251. Supply Lines in Urban Districts.
) Lines of Less Than 750 Volts.

Y S :

) Orup;}ally lines of. less than 750 volts in urban districts where
i COW ere crossing aver, conflicting with, or where higher

! common poles with other supply lines of less than 7 50

eed only comply wi .
21, and 122, ply with the general requirements of Sections

0
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(2) 1f the lower supply lines have a voltage greater than 750

volts and are not in cable having permanently grounded continu- i
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; if 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-¢, d, e,
and I, in which case no grade is required.

(2) If the lower supply lines have a yoltage greater than 75000
and are not in such cable, both shall comply with the construction
requirements of grade B.

(c) Lines of More than 7500 Valts.

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 the
construction requirements of grade B.

Exception: Such lines if in cable having permanently g}"ounded con

tinnous metal sheath or armor and installed in compliance with O
1974 need comply only with the construction requirements of Grade G

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 constructio
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, crosses,
flicts with, or has common poles with the other, the upper @

- Hxception:
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shall be of gradé C, unless i i

) the line of higher volt is 1
. : age is in 1
hazu.]g. pelmane.nﬂy grounded continuous metal shegath or aiﬁ? ;
and is installed in compliance with Order 1274-c, d, e, and f =

Order 1253. Constant-current Lines.

h ;

ar;\J\iTn slfds;ppl'?:rl lines only are concerned, constant-current lines
ed with constant-potential lines a

: nd graded by th =

inal full-load voltage of the circuit ccnn(:ermadf%r N

Order 1254, Common Use of Poles by Different Supply Lines.
(a) Relative Levels,
Poles or towers used in comm
1 : e on by supply lines of diff
ggltage classﬁcatmn, including trolley feeders, whether ov:neecll-e]?t
the same or different utilities, shall have all supply lines arra.ngeg

as to relative levels, se i
; , Separations, and clearances i
tequirements of Section 122, ’ according to the

‘Where poles are used in common by separately owned

nj;i‘l.Ltles each of which may have supply conductors of different voltages

-thsesa;ne go}e, sup_ply conductors of a lower voltage of one utilit
placed at a higher level than those of a higher voltage of ;3

her utility in order to admi i
it of keeping each utility’
] I P It
ors in adjacent positions on the pole, provided that::? S

o :
) Conductors of a lower voltage classification shall never be at a

I le t 3
&} vel than those of a hlghel (:L'is ifieation, unle th p[)()sll
. 5] y 58 On e 0 (=]

th i i
at a vertical spacing not less than 4 feet is maintained between

arest line conductors of th i
. e respective utiliti i
ntified if necessary as a division space A e

I ? i i
e 10:7 frelie:li,; t:e lr;ne?s of higher voltage should be placed above
e ge. his arrangement will often avoid the neces-
: sing the grade of construction of the cro ' i -
enings for the lower voltage conductors. iR

Grade of Construction.

p 1

g}?ﬁf ;r towers used in common by supply lines, as noted

e h.aﬁe the glrade of construction determined by Section

0 ighest voltage lines carried on s

o carr uch poles or towers

ctors of all voltages being included in the computatio ,

ehs on the poles or towers, "

me ucro;s?rms, pins, and fastenings of conductors on poles

(S us i :

a hz # mhcommon by supply lines, as noted in Order
- e the g¥ade of construction determined by Section

_ ines 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-

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
way by overlapping guards composed of wood or other suitable
material.

(c¢) Trolley Contact Conductor Supports.

All overhead trolley contact conductors shall be so supported
and arranged that the breaking of a single conductor faste
will not allow the trolley conductor or live span wire or curt
carrying connections to come within 10 feet from the ground
from any platform accessible to the general public. Span
insulation for trolley contact conductors shall comply with Orde
1213-1.

(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 suspendé
that if broken at a single point it cannot fall within 12 feet
the ground or any platform accessible to the general public.

vation in rules for common use of poles in this section and in Sec-
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(e) Supply Lines Oper Trolley Contact C, onductons

3 I.?ft;;;ﬁllytcotr}l]ductors carried over trolley contact conductors shall
0 the€ same requirements as where cross;

. sing over su

lines of equal voltage whether in urban or rural distiicts E

Order 1256. Electric Railway Construction,

(a) Assuring Against Loss of Power at Railway Crossings
Ul_ﬂess electric-railroad systems are protected by interl gk:
dera.ﬂs or gates at grade crossings with interurban or bthe O}T o
or high-speed railroad systems the trolley contact conductoli-‘s .:1?:13{

:A;heré paSSiTlg under steel bridges that are not sufficiently ele-
vated to prevent a trolley pole from making contact with the

. ¥
bridge in case it leaves the contact conductor, a substantial in-

- () Construction ar Railway Crossings.

lley contact cond'uctors and feeders and their supporting

E 1-; :ﬁ;ere crossmg over railways, shall conform to the

O,rderqlzﬁements specified for supply lines under Section 124

the i Oi: ’I"he clearance of trolley construction supports

i ails o rallwa:vs crossed over shall comply with the re-
ents for supply line supports under Order 12]11-c.

t equal voltage, Direct-current circuits of mote than 750
ngflt‘;)m;i }\;v.h;re at higher Ievt?ls and crossing over, con-
A co;n 1 ig ;r than al"ld having joint poles with, signal

: f . Py with the requirements of grade A, (See Order
® 101 special cases.)
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Order 1257. Wire Clearances Above Railways, Roadways, Order 1261, Compliance wi
: - g th
and Footways. Other Orders.

3 iz:gloverhead supply lines shall comply as to conductor sizes
g s, -and sags, and as to materials, sizes, and strength of su -,
fionll_zg:rn L:;:t(l;r.::is and attachments with the requirements of Seg-
e Cr gr 1270-c; as t_o separations, clearances and rela-
TEe Ostéczztr{:rfz;nd w1tres on the line itself, with the re-
i et :
the requ_irements of Orders iZIOZ gal:l):is ?121?3 tgi‘; _;;1511131301'5: W?th
the requirements of Sections 120 and 123. enicg

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

Order 1258. Clearances of Contact Conductors from QOther
Wires at Crossings.

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

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

1 ]
- épl)y Il;rc;:soir towa_alrs supporting the crossover spans of overhead
st er railways shall, unless physical iti
‘nicipal requirements e e Sy
prevent, have side clearan
t _ ce not less than 12
from the nearest track rail, except that at sidings a clearance

less than 7 feet i
eet is allowed. At loading sidi
e e o e _ - ' oading sidings suffici
gupply tines, 0 t0 0 ol oo all be left for a driveway. g gs sufficient space
upply lines, o 7,500 volts. i .
D lines, 7,500 to 50,000 YOIt8--—r— oo ~ (2) If overhead lin ;
\ es of the railway
are crossed over, the pol
; pole

43 Eo]sx‘éﬁ'niﬁ%umﬁﬁﬁiﬁgfﬂgeé‘f“mmethan "o vaits, 1o tower st :
cross ab less than N ructures of each line concerned in the crossover shall
¢ clearances from the conductors of the other line a i
rders 1221 or 1227-a, whichever applies s required

s
Tor clearance jncreases see Order 1220-b.
Exception: Trolley feeders are exempt from a clearance Ted

ment from contact conductors at the same nominal potential and of

the same system.
Note: Unless the Cross over conductors are beyond the reach of e also

(rolley pole leaving the contact conductor or are suitably protec ] ular fg?;d ‘-)31" 1220-a, where the same requirements are given

agalnst damage from a trolley pole leaving the contact conductor i s

clearance from trolley-contact conductors of less than 750 volis sha

be not less than 6 feet.

1263. Wire Clearances Above Rail,

' f_rbwire and the heads of rails above which the former cross
ot be less than the following at 60° F. with no wind, where

ndu i
hductor or wire has fixed supports and the span does not

SECTION 126. CROSSINGS OF SUPPLY LINES OVER RAILW. :
% 150 feet.

Order 1260. Grades of Construction. Clearances Where Men Are Permitted on C
ed on Cars.

Overhead supply lines (or signal lines which have taken ofl track rails of steam railways.

character of supply lines) crossing Over railways shall co
with the construction requirements of Grade A, except whett

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 1i

ﬁzsyaﬁgeshqf less than 300 volts to ground, overhead
_ 11‘ 3 their guy, messenger, and span wires, 27 feet

: is may be reduced to 25 feet wh i -

; ere lines i

rcfjmta,ct conductors on same street or highw:q,f1 ot

pply li
yTLni:s;nIlevaoltsdto ground up to 15,000 volts, 28 feet
v be reduced to 25 feet where line .
S -
¥ contact conductors on same street or highwa:re g
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3 | R 1265
(3) Supply lines, 15,000 to 50,000 volts, 30 feet. | 108
Exception: For conductors above 50,000 volts the given clearance ‘
ghall be increased at the rate of 0.5 inch per 1,000 volts eXcess. ey
|
(4) Trolley Contact Conductors, 22 feet. Sumul toes 0 50 70 vl
] apply lines, 750 to 7,600 vOIbS--——-—-... =
(See also Order 1256.) L T W e 10D ol :
: ‘ Guy, messenger, and span wires*.. ... b
(b) Increased Clearance for (a). e e e e Pt e s i e 4
The clearances of (a) apply to spans not exceeding 150 feet May be reduced to 2 fect when voltages do not exceed 750 volts.

For longer spans they. shall be increased by 1 inch for each 10 feet
of the excess between 150 and 300 feet and by 1 inch for each
20 feet of the excess beyond 300 feet.

Order 1265. Increase of Clearances in Special Cases

(a) Clearance Increase for Long Spans.

The c%earances of Order 1264 shall be increased where th :
, ng tlrlle distances from the point of intersection to the near f e

porting structure of each span exceeds 100 feet by 2 ince}? S?P_
| a'gh 10 feet of the excess between 100 and 200 feet andesb Dé

inches for each 20 feet of the excess beyond 200 feet ; 4

- (b) Clearance Increase for High Voltage.

The clearances of Order 1264 i
: shall be increased, where th
ply line voltage exceeds 50,000 volts, by 0.5 inch per IOOSevolt:

the excess.

Order 1264. Crossover Wire Clearances to Railway Wires.

(See also Order 1220-c, where the same requirements aré given’
in tabular form.)
The clear space between the lowest overhead supply line cofis
ductor or guy Or span wire and the highest conductor or W
crossed over concerned in the operation of the railway (except for
crossings between conductors and gty ot spai wires on the same
poles, for which see Order 1221) shall not be less than giv
below, at 60° F, with no wind, where the upper conductor or W (¢) Clearance Increase for Suspension Insul
has fixed supports (pin or strain-type insulators), and the sum B | clenrances. whete th : nsulators.
the distances from the point of intersection to the nearest SUE L over track railsyor i ‘;i HEpEE line at a Grade A or B
porting structure of each span, does not exceed 100 feet. (W B ol e sufficient tg 5 nes lfl Supp?rted by suspension
crossing over supply conductors of the railway in excess of 73 B2 and 1264 trom b gneven;t edmlmmum clearances of
volts, the clearances of Order 1220-c apply.) B ictor in cither adjoiningg 51;; nui(; n:l;;:t{ih thle0 breaking
an IU per cent

sor b
y more than 25 per cent over conductors or wires

T 5
iamalé:nf«:;? ntgemegt cicinsilators oo that dhey wrs Testraingd
' oward the crossing will obviat i
# £ e necessit
er the clearances given in Orders 1263 and 1264 ey

Increases Cumulative.

(1) Above signal conductors (of railways) :

Supply lines 0 to 750 O, oo mmem e S S TR iy
"This may he reduced to 2 feet is not within 6 feet of any
pole concerned in the crossing and the ltage is not more than 300 volts.
Supply lines, 750 to 7,500 volt8 .-
Supply lines, 7,500 to 50,000 VOLbS_———-

Service supply conneetions (0. to 750 volts) - e 6. Protection Against Conductor Breakag
e,

ove i i ’
ve increases are cumulative when more than one applies

Guy, messenger, and span WATBS: o oo mmmmm e

e e e —

STE R R B — T

(2) Above supply conductors of not more than 7,500 VO
(Signal conductors are defined as supply conductors when!
ating at more than 400 volts to ground and supplying raill
signal systems.)

plices and Taps.

5 E:ill not be made in_ the crossing span and preferably
he a Jace:nt spans, which are depended upon for with-
If: Ic')ng1tudin.al stress of the crossing conductors. If a
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 thig order to prohibit the installation,
in either the crossing or adjacent spans, of reliable protective devices
of the drop-out disconnector type that require making a joint in the H

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 spaml 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 permas
nently grounded guard arm is installed at each crossover support.
in such a manner as to prevent condictors which break in either’
adjacent span, from swinging back into the space between the

crossover supports.

Order 1268.

Underground supply lines crossing railways shall comply wi
the requirements of Sections 120 and 129, and particularly
Orders 1290 and 1295. These orders require that manholes, p
boxes, and terminals shall, where pr.acticable, be located aw
from the roadbed, and that conductors and cables carried und
ground, under railways, shall be placed in suitable ducts.

Underground Lines Crossing Under Railways.

SUPPLY LINES OVER SIGNAL LINES AND JOINT

SECTION 127.
USE OF POLES.

Order 1270. Special Requirements and Compliance
Other Orders.

(a) Grade of Construction. A

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) Complionce with Other Orders.

Suc'h overhead supply lines shall comply as to conductor si
mate.rlals, and sags and as to materials, sizes and strength ofsmes,
pox:tmg structures and attachments with Section 124'%{5 t o]
.ranons ;.md clearances of conductors and wires of thej su Olself')a_
1tse_1f .w1th the requirements of Section 122; and as to Plf’ 4 mg
their insulators with the requirements of Orders 1212 anﬁ stlgn

_Ragfzz}azhere Concerned with Other Overhead Lines or With
Such' overhead supply lines where also concerned at the cr
over V?’lﬂ'l crossings, conflicts or common use of poles withc !
.head lines ‘other than the signal lines crossed over, or with aor:ili-:
way crossing, sh_all comply also with the requirements of Order
1230 as to relative levels and with Orders 1231 to 1235 ;
character of construction, with Orders 1281 and 1282 as to v -
span length, etc., and with other orders of this section Whicgijgslg}:

~ to these conditions.

(d) Pole Clearance.

Th ; s
e pole or tower structures of each line concerned in the cross-

over shall have clearances from the conductors of the other line

equired by Orders 1221 or 1227-a, whichever applies
(e) Wire Clearance Above Signal Wires.

The clear space between the lowest overhead supply line con-
tor or guy, messenger, or span wire, and any signal line con-
tor or guy, span, or messenger wire over which it crosses (ex-
.for crossings between conductors and guy, messenger, or spa
es on the same pole, for which see Order 1221) shall nc;t be {)e ;
given l?elow at 60° F. with no wind, where the upper cmsj
: krmo;’ W1re:,E has ﬁ?ced supports (pin or strain-type instlators),

um o lthe distances from the point of intersection to the
gt supporting structure of each span does not exceed 100 feet
| Above signal conductors: S

1 Teet

0 to 750 volts
nes, 0 to 750 volts

tion: This may 1 &

from an ¥y be reduced to 2 feet, if the crossing is thi
0 vo]tg.y pole concerned in the eros‘smg. and the gvmt;lgog glt'[}l‘g:
and supply lines, 750 to 7,500 volts

1d
n_gsglﬁply lines, 7,500 to 50,000 volts_

Lol

and span wires._-

L=
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(2) Above guy, span, or messenger wires (of signal lines) :

Feet

Supply lines 0 to 750 volts
Supply lines’, 750 £0 50,000 VOIES. ——oooomoooeomnomommo oo
Guy, messenger, and SPAN WIreS--————---m-—-o--mosoos

Bt e T . e ey
(f) Clearance Increases. . :
The increase of clearances for longer spans, higher voltages, an

for suspension insulators, shall be as given in Order 1220-d.

Special Requirements. . : :
(Sgngcial longitudinal strength requirements are given 1 Order

1249.

Note:
given in Order 1266.

2
4
2

Reduirements for protection against conductor breakage are
I

Order 1271. Supply Lines Conflicting with Signal Lines.

nstruction.
\(ﬁa}%lefetr:ﬁg;{; (ﬁfnioai'e at higher levels a.n_(i conflict with signa¥
lines, the requirements of Order 1270 apply in general tq the con-
flicting supply lines, just as they apply where the supply lines cross
over the same signal lines.
101 onflict.
E_['i\)roApzzngC;oq{: inef, either of which carries supply line "
shall, where practicable, be so separated from each other _(:-
neith,er 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. 1

(a) Avoidance of Conflict by Joint.Use. :

The separation of two parallel p(?le lines, one of Whlcll'll Ca; 3
supply conductors and the other sEgnal cond'uctors. shah,‘ Wtﬁ
practicable, be sufficient so that neither conflicts with the (f)
and if within conflicting distance, they shall be separated as faf

racticable. : _

: Note: (1) If separation bgyond conflicting distance i% :;r‘npraltic;;g

the choice between a joint pole line and separate C()nﬂlf mgmber ;

pends on the voltage of the supply ci‘rcults, the tota dmll .

weight of conductors, the tree conditions, number an tcoas .

pranches and service drops, availability of right of way, etc. _

e ing the relative safety attainable at reasonable cost.

i .
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(2) Where signal lines in urban districts are concerned only with
supply lines normally operating at voltages not exceeding 5000 volts
between conductors (or 2900 volts to neutral or ground) or constant-
current circuits not exceeding 7.5 amperes, joint construction is recom-
mended in preference to separate pole lines on the same street or high-
way unless the number of conductors is very large or the character of
the circuits makes joint use undesirable.

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

(4) Where signal lines are concerned with supply lines normally
operating at more than 5000 volts between conductors (or 2900 volts to
neutral or ground) or with constant current circuits carrying more than
7.6 amperes, joint use is not recommended in preference to separate
pole lines, except

(I) Where it is impracticable to separate the lines sufficiently to
avoid a conflict, or

(IT) Where there would be a considerable number of service drops
or branches from one line which must cross the other,

(5) In any event, however, joint use is preferable to the overbuilding

, of one pole line by another,

(b) Strength of Poles.

~ Poles used jointly by supply lines and signal lines with the

apply lines above shall have the highest grade of construction
pecified in Order 1234 according to the voltage and character of
arious lines carried by the pole.

xception: Where the signal lines are used exclusively in the opera-
ion of supply lines the grade of construction need not be that required

whove but the lines shall occupy the same relative positions noted unde1
f) below,

Conductor Supports.

strength of crossarms, pins, and fastenings shall conform
highest grade of construction required for the lines carried
e particular crossarm concerned, according to Order 1234.
may sometimes be a lower grade than that required for the
ower by reason of other lines carried on higher crossarms.

| Special Provision Regarding Transverse Strength.

calculating the transverse forces upon poles carrying supply
ors above signal conductors, where no supply conductors
w signal conductors, and where the reduction in transverse
given in Order 1244-c is not used, the number of signal
tors 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 small sags are
more liable to break and relieve transverse load than are larger supply
conductorsg 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 limited to one-half their breaking

or No. 6 A. W. G. if of coppet, regardless of how small the initial
“sags of the signal conductors at 60° F.

(f) Clearances, S eparations, and Relative Levels.

The clearances and separations of supply and signal conductors
on jointly used poles, as well as the relative levels are covered |
detail in Orders 1224 and 1230. In general, signal lines for public
use shall be not less than 4 feet below supply lines.

Exception: Span wires or brackets for supporting lamps oOf
trolley contact wires on jointly used poles may have less clearance
gignal attachments than specified in the foregoing, but in no case 81
the clearance be reduced below the following:

From span wires or brackets for lamps or trolley contact W
to crossarms carrying signal 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 fo
terminal boxes of gignal cable, all metal parts of terminals shall
the greatest practicable separation from fixtures or span wires i
ing all supporting Screws and bolte of both classes of attachme

Note: (1) Where signal lines are below supply lines, the reg
ments for Grade A, B, or Q, strength of the signal line crossarm
and fastenings are avolided. ]

(2) The establishment of standardized levels in any given
munity, as recommended by Order 1230, facilitates the exten
lines and the safety of the public and workers by permitti
degired relative {evels and clearances to be readily obtained on I
used poles as well as in erossings and conflicts.

strength provided they are smaller than No. 8 Stl. W. G. if of steel
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Order. 1273. .The Joint Use of Poles by Signal and Suppl
Lines—S8ignal Lines Above Supply Lines. :

Note: This relation of levels is not i
; ot in general i
i moied wlicte neno i general desirable, and should

(a) Strength Requirements.

: Poles. or towers used jointly by signal and supply lines, with the
signal lines above the supply lines, shall comply with the require-
ments and rules referred to in Order 1272 as well as those in thi
order. e

(b) No Reduction.

. The. grade of con-struction A or B where retjuired for the signal
lines, includes the size, material, and sag of conductors as well as
the strength of structures required for supply lines of the same

_gr;?de by Section 124 with no reduction in transverse strength re-
quirements such as is permitted by Order 1272-d where supply

lines are above signal lines.

(c) Grade C Signal Conductors.
Signal conductors which are required to comply with Grade O

construction may be smaller than Grade C supply conductors, but
.,1_?1151: not be smaller nor have less sags than for Grade D const,ruc-
tion for spans up to 150 feet; for spans over 150 feet the re-

uirements for supply conductors must be met. (See tables for

rade D conductor sizes and sags under Order 1283.)
. (d) Minor Extensions.

In Ilocalities where the practice of placing conductors of signal
Cul‘fS for public use above supply conductors has been generall
hshed,.r.ninor extensions with the conductors in the samz.
ve positions and with the clearances covered by the table may
e made in either system, but these extensions shall not continue
rond a location at which it becomes practicable to change to the
trangement standardized by these orders. ;i

der 1274. The Joint Use of Poles b
B y Cabled Supply Li
~and Signal Lines. Pply Lines

Requirements When Cable is Unsheathed.

. Poles used jointly by signal lines and cabled supply lines not

ng .permanently grounded continuous metal sheath or armor
meet a?l the requirements for poles used jointly by open
7 and signal lines given in Order 1272,
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: is Sheathed.

b) Strength of Poles When Cable is ’

éa%aled supply lines having permanent‘ly grounfied cor{tﬁluous

metal sheath or armor shall be installed in compliance wit (cl),

(d), (e), and (f), below. When the voltage of the cabled supply

lines, is gjreater than 750, the poles shall meet the strength require-
ments of Grade C as given in Section 124.

c) Messengers. - :
1(\¢Zssengers shall be stranded and of ga%lv-an{zed or coppgg c;ov
ered steel with strengths and sags as specified in Order. 121 - T
if of other sizes shall not be stressed beyond half thf:ir u t1ma1?
strength when the cable and messenger are COE.:I.‘ied with one-ha 3

inch of ice and subjected to a transverse wind pressure of
pounds per square foot of projected area.
Grounding of Cable Sheath. e :
I(Ei)ch section o{; 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.)
Splices. A A
éi))licef 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
a factory potential tes
operating frequency ap
conductors and between any con

the cable shall be so insulated as to withstand

ductor and the sheath or armor.

Order 1275. Special Crossing Construction.

(a) Short Spans.
In cases wher .
height that its length is less than the distance

of support of it :
the line crossed, the requirements for conductor sags
and type of condu .
ermanently grounded guard-
I;)upport in such a manner as to prevent conductors,
either adjacent span,
the span crossed over.

which break

¢ of at least twice the operating voltage at
plied continuously for five minutes between

e the crossover span is constructed of such. al
between either point
s lowest conductor and the highest conductor 'qf'
and for size

ctors in Section 124 are waived, provided that
arm is installed at each crossover

from swinging back into the conductors of
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\

| Note: This character of construction is facilitated where the span

| ‘crossed over is at a minimum elevation ahove ground level, and where
the crossover supports can he placed quite near together.

(b) Cradles.

Cradles are not recommended. It is less expensive and better
to build the supply line strong enough to withstand extreme con:
ditions than to build a cradle of sufficient strength to catch and
hold the supply line if it falls.

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

Order 1280. General Requirements,

(a) Conditions Determining Grade.

(1) Signal lines crossing over railways, except in the cases
mentioned in Order 1235-b, ¢, d and e, are classed as Grade D and
shall have construction in accordance with the following require-
~ ments. Signal lines crossing over minor tracks (as described in

- Order 1235-b) shall conform to the requirements for Grade E.
~ (2) Where also crossing over supply lines (or signal lines hay-
ing the character 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 the voltage of the supply line (see
- Section 123).

(3) Signal lines crossing over the supply lines covered in

tder 1234-c, and also crossing over railways in the same span,
all comply with Grade D or E requirements except that Grade C
quirements apply to conductor sizes and sags for spans exceed-
150 feet. (See also Section 122 for Wisconsin statute on

The requirements for signal lines crossing over or conflicting
th supply lines only are speecified in Order 1287, and for signal lines
ing over trolley contact conductors in Order 1286,

b) Transverse and Longitudinal Strength. _

‘paragraphs which specify the transverse and longitudinal
irements relate to Grade D construction unless otherwise
For Grade E the transverse and longitudinal strength shall
ot less than two-thirds of that required for Grade D.

) Preliminary Assumption. :

he calculation of all stresses no allowance shall be made for
tmation, deflection, or displacement of any part of the sup-
structures.
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(d) Inspection. ' s
All parts of the supporting structures 0 ' 4
be exa}:nined periodically by the owner and all defective parts sha

be promptly restored to a safe condition.

rossing span shall

Order 1281. Transverse and Longitudinal Strength.

Transverse Guyng. _ :
((i)) The poles supporting the crossing spatt shall be.;1de g;y;i

or braced to withstand the transverse load put upon t err; hlan &

cordance with the conditions specified below. The guys

COIlSld T d. l dl[e tion 1mn Wl icn “ley a.ct thﬂ hOI 1=
C ]
ere! as tal <1ﬂg, m the

i d, the poles,
atal component of the entire load, .
ngt'mg the E)rertical component. The calculated stresses it tl'}eiguys
shall not exceed one-half the ultimate strength of the: r;ateraal. e
(2) The assumed horizontal wind pressu;e atdrlgt t 532%1 ;u -
irecti i the poles and conduc or .
the direction of the line upon . e
foot of projected area on y
taken as 8 pounds per square O o
1 be computed upon the p
surfaces. The pressure sha L S
i i i tors shall be assumed 0 D€
ice covering, while the conduc ' : oA
ith i - - ch in radial thickness. n comp
with a layer of ice on¢ half inc i
ductors the actual numbe
the transyerse pressuré on con ; :
d:ctors chall be used up to 10, For larger numbers'; of Wn’.es‘1 131?1 é’:
two-thirds of the total number shall be counted with a min

\
10- . . -
c (3) In calculating transverse load a cable with its supporting

messenger with the ice covering shall be figured at their full value.

(See Exceptions below.)
(b) Longitudinal Guying. ‘ T =
(1) The poles supporting the crossing Sp}?nf 3 eCiﬁEd Edow
i i d the load spe :
from the crossing S0 a8 to w1th?‘tan _ d/speciiie :
?I‘“;ltyguys shall be considered as taking, 10 the.dlrectmn gm Wl(’)lll:;l
they act, the horizontal component of the entire foad, the poles,

i lated
acting as struts, resisting the vertical component. The calct

stresses in the guys

al. - ‘
mat;r)l The longitudinal foad shall be assumed e?ml\{aientd tcc>t ;.1:
i irecti { the crossing of all con Gt
unbalanced pull in the direction 0O Al
i h conductor or wire eing ta
or wires supported, the pull of eac »
as one-half its ultimate strength. In any case where 8%%8&3;‘11;:1 :
exceeds 10,000 pounds the load shall be taken as 10/ D
I ST T L axcess above 10,000 pounds.

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.

Exception to Order 1981-a and b: (1) If a pole is of such strength
that it will not be stressed by the specified transverse loading beyond
one-fourth its ultimate strength when installed, side guys may be
omitted. If the specified longitudinal loading on such a pble will not
stress it initially beyond one-half its ultimate gtrength and there are

not more than two wires in the crogsing 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 liue,_tha side guy within the angle may be omitted.

(3) Where a gignal line paralleling a railroad track on the right of
way of the railroad crosses a spur or stub-track without any change
in general direction of line, the transverse strength requirements for
grade E construction may be met without the use of side guys, pro-
viding the pole is not stressed beyond one-half its ultimate strength,
and no requirements for longitudinal strength are made if conductor
tensions are balanced. Where conductor tensions are not halanced,
due to a small angle in the line at one or both poles or to dead ending
any of the wires, .guys or braces shall be installed capable of with-
standing such unbalanced tensions.

(4) Where on account of physical conditions it is impracticable to
guy or brace the crossing poles as specified above, the requirements
there given may be met by head guying and side guying the line as
near as practicable to the crossing, but at a distance not exceeding 500
feet from the nearest crossing pole, provided that the line is approxi-
mately straight and that a cable of strength equivalent to that of
the head guy is run between the two guyed poles, being attached to the
guyed poles at the point at which the head guys are attached, this cable
being securely attached to every pole between the guyed poles.

Note: Where the poles gupporting 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 or
structures. (See also Order 1211 for requirements as to location
of poles.) i

(2) The crossing span shall be as short as practicable, and in
encral shall not be longer than the normal span of the line. No

crossing span shall exceed 125 feet in length if this can be avoided.
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(b) Grading or Vertical Displacement of Crossing Span.

The vertical distance from the top crossarim of a crossing polq
to a straight line connecting the top crossarms of the next adjacent
poles on either side of this crossing pole, shall not exceed the
values given in the following table:

e -

Average Length of Span in Feeb Allowable Vertical

Distance in Feeb

100 to 130
Exceeding 130

Minimum Sizes and Construction Details.

Order 1283.

(a) Size of Pole and Setting.

Wood poles supporting the crossing span shall be of selected
timber, sound and reasonably straight. Poles shall have dimen-
sions not smaller than the values given in the tables of Appendix
B when carrying the numbers of wires there designated.

(1) Grade D. The minimum dimensions given in the tables of Ap-
pendix B correspond to poles designated by the wire-owning companies
as class C, where not more than 920 wireg are carried; class B, where 21
to 40 wires are carried; class A, where more than 40 wires are carried.

(2) Grade E. The minimum dimensions given in the tables of Ap-
pendix B correspond to poles designated by the wire owning companies
as 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 234 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.

(c) Pins, Insulators and Tie Wires.

(1) Insulator pins shall be of steel, wrought iron; malleable

cast iron, or locust or equivalent wood, Steel or iron pins shall
have a shank diameter not less than ¥ inch. Wood pins shall be
sound and straight grained with a diameter of shank not less than

114 inches.
"tand the loads to which they may be subjected.

Tnsulator pins shall have strength sufficient to with-

: ard drawn copper
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: 16

(2) Each insulator
5 shall be of s h
terial that ; : uch pattern, desi
ey zﬁi:’henllmounted it will withstand, With:jig?n _&nd ma-
g pulled off the pin, the ultimate strength OfJ;l;}’ and
e con-

ductor attached :
. to the insulator. Th

; e co :

tied to each supporting insulator. nductors shall be securely

(d) Conductors.

(1) Conductors sh
all be of hard-d
steel, galvani rawn copper, 5
metal gl:?r:)fjﬁzzd steel or other hard-drawnppcorfgggir COYEI"Ed
o loc’a i Weh érilowever: that galvanized steel shall not rgzli[mg
excessive corrosi Ae
(2) It s i on would result.
COﬂdl.)lctorS Ps’a::i ﬁmdexcess of 150 feet are necessary, the si
S o < or the sags shall be corre L ize of
(See Order 1282-a.) spondingly increased.
(3) C :
ot )Sizeo;j(;u;ts)rs of material other than the above shall b
R it e e.rected as to have a mechanical strength n tel of
(4) Twisted ; 1zes of copper conductors given below S
! air wires without a s . :
in no ca : upporting m
i szz bEeiI;sed for Grade D in spans longer glaneii)%nizrt pa
as far as Practisps-lns 10§ger than 125 feet, and shall be elinf' e
2 st Cﬁ . E.ach wire of a twisted-pair not su e
No. 14, or t"%rnr Sd all be tinned hard-drawn copper not smalfpot:ed
e mned co Z er than
equivalent, pper-covered steel not smaller than No. 17 or

(5) The minimum
: allowable si
B o bl e ns folIowsa; e sizes for conductors of the cross-

TABL —i
E 11—(1) MINIMUM WIRE SIZES FOR GRADE D

Conduet
- c s | RS
2 ‘ee a
'gmn%?iwgmcf”“ N e Over 150uFeeNtm
@ 3 = No. 10 A. W. G.
alvanized steel in rural distriets..-_.__ ﬁg. }g gg W-GG. %g. g éﬁl V%V GG
S . LA B ND. 108 . oG
. tl.
Note: W. G.

he se of N .
0.1 1 0 steel wire s not r mmended
T u f 2, and N 10 1 eco ndae

over railroads

i where train s v
BXcessiv St train service is frequen s

SBlve corrosion, quent or wire is subject to

TABL
E 12—(2) MINIMUM WIRE SIZES FOR GRADE E

Spans 125

Conductor Ton
et or Less

Spans Ov
125 Teot and Not
Over 1650 Feet

No. 10 A. W
No. 10 Sl vir.Gé.

vanized steel No. 10A. W. &

No. 12 Btl. W. G.
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INDUSTRIAL COMMISSION OF WI : (3) Multiple wi bl i i hall b i
116 ultiple wire cables and their messengers shall be sus-
0 |
(3) MINIMUM WIRE SIZES F?t?f;ilply with grade C pended with a normal sag of 60° F. so that when they are sub-
Signal conductors which are recmlr;e C supply conductors, but ject to the loading prescribed in Order 1281 the tension in the
struction may be smaller than gra than for grade D con- messenger cable will not exceed the following values:
n 5
z§a11 not be smaller nor h‘f;g flesi .5?51- spans over 150 feet the
; to eet, Nominal Ulti i i
struction for spans up ductors shall be met. 5 x ominal ﬂ’é‘;ﬁiﬁﬁ“g’i%:f““m of Safe Rﬂ‘éi%r ’]_‘(egaglo;:l of
requirements £or supply conctt span shall be sty Wit S0
ssing
uctors of the €ro : le: ! d
Condieioms own in the followio tab _ e g pouit
not less than \R5 GOPPER WIRE OR STEEL 16,000 pounds 9,500 pounds
OF HARD-DRAWN B r_t_f———_:::;;‘—!_:
w Order 1284. Signal Line Clearances.
: 00° F. ) ;
At 20° B, At 60° T \‘ At 1 (2) Clearances From Ground or Rails.
Rk
e .
DR - ‘ 8.5 (1) The clear space between the lowest signal conductor, guy
/ 28 5 » or messenger and the heads of rails shall, at 60° F. with no wind,
"""" is i i be in general not less than 27 feet.
: 19 o
100 e \ n ; (2) When the signal conductors are paralleled on the same
e ik e highway by a trolley contact conductor at a lower level, the clear-
o = ance of the signal conductors from the rail may be reduced to
= horis B 25 fect.
(e) Guys. ible, be located so that the
G nchors shall where possible,
uy a ;

: le to the guy or guy
1 distance from the grout%d line of thio‘f:fnz of the attachment which involve brakemen riding on top of standard freight cars,
st 11b not less than the height above gd not less than one-third - the above clearance may be reduced to 25 feet for steam railroad
Y(;d ;lmlgu; to the poles for nestien) i:;.ﬂ be attached as near to ~ tracks and 18 feet for other tracks.
DELTE : The guys shatt - hall
: de guys. d anchors shail
that height fcnrhslk‘:af1 as practicable. The guYSd al;we s ool
the centet'of; ;E, that the guys are kept taut 215
be maintaine

for which they are intended.

(3) When signal conductors cross tracks not carrying traffic

(4) When spans exceed 150 feet in length, additional clearance
must be provided as given by Order 1220-h.

(b) Clearances from Other Wires.
i ized
o ﬂ'gfxﬁ:nlgleﬁing table gives the minimum sizes of galvaf
(1) e follo

orting different
1 strand messenger cable to be used for SUpP
steel stra :
sizes of conductor cable:

(1) The clear space between the lowest signal conductor, guy
or messenger and the highest wire of a similar nature paralleling -
- the track, shall be not less than two feet where the sum of the

 distances from the point of intersection to the nearer supporting
A SIZES OF MESSENGER OABLE structure of each span is 100 feet or less. Where the sum of these
U b, ; A
TABLE 14—MINIM e distances exceeds 100 feet and for crossings over supply wires,
Messenger ORD Yo oth E
of Gopductor OBblo Ultimate Tensile 5
: Foo
in Weight per :

 the requirements of Order 1220-c and d must be met.

pounds
1%'%?)% pounds
Less than 2.25 pounds

16',000 pounds
; ing 6 and lesd than 8 'DO]JIHiﬁ
E'Kmeed N

—
e

for heavier cables a P
ceeding 150 feet of
(2) For spans €

y 15k t
Ortlonatel g € 381 r ot theI I T | 1

(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.

1 Note: This ghould preferably be 24 inches. (See also Order 1223.)
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(c) Pole Clearances. :
Unless physical conditions OF municipal requirements prevent,
the side clearances of poles shall be not less than 12 feet from the

nearest track rail, except at sidings where clearance of not less
than 7 feet is allowed. Where conductors of one pole line cross
over or under 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 of tower of the second line, unless

the conductors are attached thereto.
Order 1285. Crossings of Signal Lines

(a) Underground.

Underground signal lines crossing railways shall conform to the
requirements of Sections 120 and 129 and particuiaﬂy of Orders
1290 and 1295. Manholes, pull boxes and terminals shall be lo-
cated away from the road bed (preferably outside the fenced right
of way of the railway.) Conductors and cables carried under=
ground under railways shall be placed in suitable ducts conform-
ing to the requirements of Section 129.

(b) Under Bridges.

Overhead signal lines p
s pass shall conform t
120, to the requirements for grade of
to the requirements for conductor clearan

Qection 122, and to the special requirem
wiring arrangements of Section 121.

Beneath Railways.

idges over which rail-

o the general requirements of Section
construction of Section 123,
ces and separations of

ents for supports and

way

g Over Trolley Contact :

Signal Lines Crossin
quired).

Grade D or E is not re
¢ Conductors nob Exceeding

Order 1286.
Conductors (Where

(a) When Crossing Trolley Contac

750 Volts.

(1) Signal lines, except twisted-pair conductors and fire alarm

conductors, (for which see Orders 1283-d and 1288-b) carried

over trolley-contact conductors of not more than 750 volts shall |

have conductor gizes not less than the following
No. 12 hard-drawn copper Of steel in spans less
No. 10 in spans of 100 to 125 feet.

No. 9 in spans up t0 150 feet.
(2) Sags shall not be less than those given in Table 13 for
SRR e than, 10 feet the requirements of

than 100 feet.
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Order 1246 for
conductor sizes and i
Grade C supply lines shall be compligcf iﬁiendlx gEita

(3) Twisted pai
pair conductors
not be used in s , unsupported by m
pans over 100 f . ¢ y messengers, shall
conduct i eet, if carried
g1 (())llist_unless each wire is hard-drawn cc())ver trolley contact
T inned copper covered steel not | e
quivalent. ot less than No. 17, or its
(4) The clear ’
ance of signal li
crossed o . ines above con
i S ver shall be in accordance with th ontact .conductors
s of Order 1220-c and d. e values given in the

~(b) When Crossi '
A sing Trolley C_onta.ct Conductors Exceeding

(1) For si g
gnal lines carried ov
ert
mo(r;)ttzi«ln _75% volts to ground seerOiSiliiyl;gztaCt el
- wisted pair conducto ;
given in (a SHetOts Ay be used under th ot
ko ges)s fﬂizze,hbut if in .A or B construction thee l‘e;tnct;ons
e those required by Appendix A,fo :;IS ik
i E‘Ehe, :nd wherfa supported by a messenger ‘fh o an
b ags required, in Order 1283-f Wh’ s S
ported b ceeds 7500 volts the twisted pai -h et
(;—) y a messenger. pair shall always be sup-
The cl : ;
e Ove;: zz;raﬁlces Pf signal lines above the contact
b5 ot all be in accordance with th - onductors
e of Order 1220-c. e values given in the

OIdeI 128; Sl nal LlIl CtO 111 Ovel or Ilill UU t]l
. g es S8 g CO ctin
g 1

Supply Lines of More Than 750 Volts

§ ction ecC
Note: Thig constructi is not recommended exlla!l’ aver !'.]O]ley

. feeders,

(a) ;it? eﬂgth 0’ CD'JTStT’MCt’tOﬂ.
()VeI }lead S]gtla mes ct ()SSI‘J!g over Sﬂpp y mes l,ln(le] 111& Cir-

'LC-"llHlStances noted mn O d 2 4‘ P y =

: . :IV'. : raer 1 3 Shall com I W i t}l th.e constt uc
tl_ﬂ[l requir emetltS Df Grade A, B, or C as req_ulred mn ﬂlatvOId -

2 2 ers

(See Order 1289 .

f : ;

lines.) or signal lines used in the operation of suppl
X

(b) Compliance With Other Orders

. Where signal li 3
comply wi ﬂlgéiaélenii‘: ;Z_D)I‘OSSmg over supply lines are required
, B or C construction, they shall COnilpllre to
y as to

dllct() S1Zes, 11 ater ]a,lS a l(l Sags a“d as to InateI ials I]d
5 5 3 a
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ith Section
; attachments with =
strength of supporting structures and tors and wires of

duc
124; 8s to sepatation = dea;an;es o(iuflz::ments of Section 122;
& . i the te d 1s
i ines themselves with to i nts of Orde
4 Slgna;sl and their insulators with the requireme
as to gu '

1212 a'rld 1213 a.tld m genelal Wlth the l‘e(.]ull eﬂle[li'.s 0f SecnOIlS
)
120 E-nd 121-

(c) Where Concerned Also PI:'iétk I.Er;wé’;“)ﬂﬁ:l;ove are required to

. 1 lines referre to.1n railways

it ﬂ:l? séiiie C construction and also CFCSSG(;;ZZ Dor E

S ::éumstances calling for comphance_ Wltu respects except

s ‘on, Grade D of E shall be met i1 a1 with Grade C.

Con:tr;i:;xétor sizes and sags, which shall zgr?frygradé D, Order

as to the same -

feet these are i Appen
FOéSS%anS;(?rt;)p}liz oe:er 150 feet see Order 1246-b and APP

1283-d.

dix A.

d) Pole Clearance. : -.
'(Th)e pole or tower structures of ;achcol;réi
clearance from the €O 25
‘13_1'0552":;11511;:‘81; ktl)ilrv(e)rdf:r 1221 or 1227, whichever apphie
ine as re

(e) Wire Clearance Above Supply Lines.

I}lﬂ Ciea.[ Sl)a(:e i)elweel ”:l l()webt. Veihea(l Sl Ila.l 11'[16 con-
e (6] g

; line con-
i nd any supply
r span wire) anc a shall
1y, messenger, 0 . : rosses Over
derCor gyy,span or messenger wiré which it ¢
ductor or guy, :

? O ? €
IlOt be lESS ﬂian glVEIl helow a.t 60 I \Nltl:l 110 Wltld W]:let tlle

d
: fixed supports an i
tor or wire has ) rest supporting
upRer con;i icm the point of intersection to the nea
distances It

00 feet:
tructure of each span does not exceed 1

concerned in the
ctors of the other

5,///_’;/_,{‘/_(_,_———’—’—“_!‘
RO

TFeet
s A
4
6
2
2
Above supply eonﬂuctggg
Above supply serﬂcemes
Above supply EUV. i
5 sen|
, Span and Mes ! :
Glgbove supnly conductors 0 5, 0 v

|
volts y, messenger
tors T, t nductors and gU¥.
Above supply conduCtors o oines between o rder 1221,

O By agme pole see
r span wires on the sa pole,

(f) Clearance Increases.
Clearance increases for long sp

in Order 1220-d.

the sum of the -

ans and high voltages are given
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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 Longitudinal Requirements.

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 Liﬁes.
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
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comply with any requirements as to size, material, or sag. (See

Order 1201.)

() Supporting Structures for Signal Lines.

(1) The poles used for all signal lines, unless crossing over
railways or exposed t0 supply (o 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 crossarms shall be of such
initial size, and sO guyed or traced where necessary as to safely
withstand the vertical loads to which they may be subjected, in-
cluding linemen working on them.

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

(d) Clearances Abowve Ground (see also Order 1220-a and b).

(1) Signal conductors alone and their guys, span wires, and
messengers shall have clearances above streets, highways, alleys
or generzﬂly accessible spaces across or along (and above) which
the former pass, not less than the following at 60° TF. with no
wind, when the spans do not exceed 150 feet:

WIRES i

SIGNAL LINES, OR GUY, SPAN OR MESSENGER Jeet
R e PR e S e I =

S AT
Crossing strests and e e L 24
Along roads in rural distriets.—-----
Orossings aboye spaces 0T ways act
roadways to L e S | 10

POl N

Txception: The clearances do not apply to guys not carried over
roadways, OF to guys along one side of a street or alley, unless over
driveways. For guys on private right of way, o parallel to gidewalk
curbs, when pot passing over pathways, or roadways, 10 clearance 18
required; and if passing over only pathways the clearance may be

reduced to 8 feet.

(2) For signal-line spans over 150 feet these clearances shall

be increased at the rate of one inch for each 10 feet excess.

(e) Clearances from Other Signal Lines (see also Order 1220-¢

and d).

Signal conductors and their guy, spatl, OF messenger lines cofi

cerned in crossings, conflicts, or common use of poles with oth
signal lines only, shall have 2 minimum of 2 feet clearance T
those of other lines.

BEL
ECTRICAL CODE—ORDER 1289
Exception: %

Except fo
Had e r fire alarm line
: s 58 one s this ma
is used in the set of conductors is for ¥ be reduced where
operation of supply lines public use and the other

‘ o :
(f) Grounding, Isolation, or Protection

(1) Singal lines, i
: es, including fi .
their course e g fire alarm lines, if
) t 1 2
volts to groun};p Z;fﬁlt'g supply (or trolley) lines ofam:g tﬂomzom
’ e protected i an 400
one of the methods : at each station f :
o . or public use b
shall elsewhere b _Specified in Part 3, Section 1 J
i e isolated by el e n 139. These lines
as to be inaccessible to the pu)]g liﬁz:evatzon or otherwise guarded =

2 1 Ilal IIIIES used mn the OpelathII Of Supply 111]&5 Sha.H be

at all points isol

z y ated by elevati :

inaccessible to the puliflic vation or otherwise guarded so as to b
. e

(3) Metal she

athed cables

grounded i . 5 and messenge :

C U i s eenel gre;ilsr};rai:; of lgtEd -
of Section

Order 1289. Si
. ignal Line 4§
ot Blinpis Tines. s Used Exclusively in the O

(a) Uunder Other Lines.

Such signal lines when
(1) Crossed over by, or

(2) Having conflicting with them, or

peration

(3) ¢
Oll ominon )UIES a—lld beIOW hl ]l voltage (ll E€CL IC
u ent

trolley circuits o)

r other supply li :

are used, m £ Ly e 1 the operati :

N ay be considered and run as or dilzq arar;rl;r; I?fl T.rhmh they
L al lines,

(1) These si i
gnal lines do not cross over or conflict with
ith, and

. are not on commo
. n pole i :
B oment and poles with, and higher than other lines o1

(2) The si :
gnal lines and conn
ected equipment ar
e adequately

g.. ded Ild acce lble ()n]y tO utt] rize ersons arl(l
uar a S5 a (6] d P T

(3) The :
precaution :
b i s of Section 139 have been taken.

The supply li
pply lines concerned above are not re
quired by

‘Ehe nd y
=
bed to ¢ mpl with req
Cco itions describe 0 Cco he requirements of Se(’.tmns

and 127 as to
str
rength of construction, but the conduct
uctors shall

e not s
X maller than permitted by Order 1246-h
(b) Ower Other Lines. ‘

Such Si i 1 1 Vv W or il[g er on

] gﬂal llnes lf Cros i

] ; £} :3 I'lg (0] el‘, COl‘lﬂiCﬁng ith i

1 p ]th Other ]11‘1(’_‘5 or equipment Sha]l Compiy .th
mMmon oles w : W1 a]l
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ments for the highest voltage supply lines of not more
ith which the signal lines may come in contact,
for Grade C for which see Order 1283-d.
s are protected by fuseless lightning
ther suitable protective devices to
ally exceeding 400 volts
The method
ent of the

 the require
than 7500 volts W
except as t0 wire sizes
1f, however, the signal line;
arresters, drainage coils, or 0
prewient the signal line yoltage from norm

to ground, they may be run as ordinary signal lines.

used shall be consistently adhered to throughout the ext

entire system.

129. UNDERGROUND LINES.—-MANHOLES, HAND-
OLES, SPLICING CHAMBERS AND DUCTS,

SECTION
H
CONDUCTORS 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: Whe
to avoid cateh basins,
ground structures.

(b) Ducts.

To facilitate installing and withdrawing cables and conductors,
the ducts between adjacent manholes or other outlets shall in gen-
eral be installed in straight lines. When it is necessary to install

curves, they shall est practicable radius, and the

be of the great
spacing between adjacent manholes shall be correspondingly
reduced.

(c) Manholes.

Manholes shall, where practicable,
convenient access and, if possible, s0 th
tance from any rail of a railroad
manhole opening is ot less than 3 feet.

care should be exercised

n being designed and installed,
or other under-

street railway tracks, gas pipes,

Order 1291. Gréding of Ducts.

Manholes or handholes shall when pra
drainage of ducts wi

ducts so graded that
To insure satisfactory d

holes or handholes.

be so located as to provide
at the least horizontal dis-
track to the nearest edge of 2

ctica.ble be so located and (
11 always be toward man-.
rainage, the ducts
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shall be so installed
! as to provide, wh i
not less than 3 inches in 100 feet o’;v lezrgetlfra(:tmabie, g i

= .
rder 1292, Mechanical Details of Manholes

(a) Minimum Strength
© The mechanical desi '
esign and const i
e . nstruction of manhol
e absi; ;z;l as to Pro_wde sufficient strength tzsszrflgl i
s e margin of safety the mechanical 1 7 51'15-
vy may be expected to be imposed upon th e
(b) Entrance. e

The entran
T ce to all manholes shi
g e shall be not less th i
: iameter. Round openings are rec el
(c) Dimensions. G
Manholes sh
all be so const
A ; ructed, wh i
o ; C ted, when practicable
P bznstal dimensions will be not less than 3:;:: gh? el
o Spaceonzir?nged as to maintain, if practicable am(ihea
= ess than 3 feet hori R
i zontally and 6 feet ver-
Exception; Wh i
i en side wall
> i s of the ithi
edge of the opening the depth mayn:llaa;l]ll:slg ey o b
(d) Drainage and Ventilation .
u @

1 vv nere SL‘l‘IfH.CE or gI OLlIld Watel 18 Ilable tO ellter IIla.IlhOIeS

~ containin
ng supply conductors, these shall be so arranged, if
, if prac-

ti S Vv .[ € permat el" ge
2 GV llere dt 11 € EWEIS t 1 I 1
d. ag 15 mto 5 3 su ab e tl'a.pS Shal b
e a

- ranged to pre
prevent entrance of sewer gas into manholes

(3) Manhol
oles shall have adequate ventilation to open air wher
e

| any opening exist
i S fr()m su h h i
the public : ch chambers into sub
. as w. ubwavs en
Tc':m-‘dif‘iOHS’ are Slthhsome subway conduit systems 03 wh e
uch as to make ventilation I’IECCSS;,I SrSOer
i y.

- Ord
Order 1293. Manhole Covers and Guards

(a) Covers.

.]\llanh{)}es anc [‘]ar](“ W]l Ie no h 11 WOr 3
oles mn Sllall be se~
i el)‘ ClOSed by COvers Df SufﬁClellt StI etlgth tO SuStalt] SuCh me-
E.H.J.CH.I IOELdS as Iuay IeaSOIlably be expected tO be llﬂposed upon

them, and th.
e arrangement shall be such that a tool or appli
iance

1

o .
quired for their opening or removal
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(b) Barriers or Guards.
Manhole openings shall be so arranged
covered barriers or other suitable guards

tively guard the opening.

that when they are un-
may be placed to effec-

Order 1294. Material, Size, and Finish of Ducts.

ystems of distribution for electrical
hall be of such material, size, me-
e the installation and

Ducts used in underground s
supply and signal conductors $
chanical strength, and fnish as to facilitat
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

The distance between the top of

when digging, or by other causes.

the conduit covering and the pavement surface or other surfaces

under which the duct ruft is constructed shall be sufficient to pro-

tect the conduit from injury, and shall generally be at least 30
 rails beneath which condnit passes.

inches to the and®rside of track

(b) Smooth Surfaces.
Ducts shall have clear
laying. They shall be laid in

d from burrs before

bores and be free
prevent

fine in such manner as to

inside shoulders at joints.

(c) Termination in M anhole.
Tron 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.

Duct runs shall provi
round structures as practi
paralleling them.

(e) Walls Between Supp

Conduits for underground conduit
signal conductors for public use shall, where practicable, be se

rated from underground conduit systems for supply conduct
by not less than 3 inches of concrete or its equivalent.

ance from other under-

de as great a clear
s lines

cable and particularly from ga

ly and Signal Conduits.
system to be occupied by
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Exception: C

: able extensi

terconnected e ions may, however, b

or : e made T §

iiteomon 13 nif:l;lliili};] olvivtfned -and Jjointly OGC;.IDied ducttsﬂy:i:s.tmg in-
5 alitieg, signal ms used

effective separations than abo,ve sp eci;,zg power companies, with less

; ]
\’(V glefeu;‘zgl ;;ﬂioi;gmil Conduits Entering Manholes
R uctors (for public use .
Classc.;ss O(;CZL;I;{ ;ilw;zcltls terminating in the same): rjnzihcsyipptllz cton_
Ema Ao ah Itl)e separated as widely as practic’ablee Wz
isalloie rad; esda1 enter_ the manhole at opposite sides S:) ‘?}111
o Classa. ong side walls with a minimum of ’c - .
es of ;onductors. (See also Order 12;2526)3,

(g) Joints.

Joints in duct

: runs shall be made i :

. o 1

Sl ual i s i ol s echanically secure to main-

(h) Openirgs Into Manholes.

Duct openings i
.ngs into manhol
e b es or handholes shall ; :
1 2 h # Laf-arance above the floor or below th Whei? e
ess than six inches, w the roof line of not

(i) Laterals.

DHCtS ()f lateIaIS SU[)]J yulg service tO g £
1 . .

bulldlll 5, Shall be eifec

tiVer Phlgged a.t the elltlance Of bulldltlg or CelIIEIltE,'d bS‘ the use

of asphaltum, pi
, pitch, or oth i
1322-b, Section 132, Part 331’ suitable means. (See also Order

(j) Dissipation of Heat.

Conduits desi
pacity shall b: :fgfgsg ::Ill'ry supply cables of large current ca
RN , Where practicab i
sarily dissipate heat Selkly throuI;'h aéjzci?tsgutizt no ducts neces-

;
~ Order 129 i
L 6. Location and Identification of Conductors

(a) Separation of Supply and Signal Systems

Undergr

ound systems of :

- electrical

~ signal conductor ' supply conductors

g ors for public use shall in general, b - z.md o

3 ..E e conduits and manholes , be maintained in

xception: Cable ex i -

3 tensions t igti i §

owned and joi 3 0 existing inte c
jointly occupied duct systems used ili'ccﬁcl)mec(t)edbor jointly

mmon by munici-

Dpalities, si

. gnal companie

the above, : s, and power companies are exempted f
rom

~ Note: ‘When si

; : n signal conduect

conductors oce ctors for public use and i

; upy the same manholes, they should h(:alezitrilcsl asi
aintained at

!
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INDUSTRI i | ‘ ' ORD
) 0 : ; ? f ve PG?’L‘S.
l hole and where necessary separating barriers : (b) G%a‘.?‘d ng o [
i id f the manhole
opposite sides

i here supply cables are of l.a.l‘!gebcln;:rili‘lﬁ ;a%%ii;i llzrztectcilve, CPntI_'Ol’dOI: otherlap]paratt(lis }(l)n ZZPI])IY H}TEIS where -'in-
should be installed. W ?auy protected against injury by el stalle Lan ma%ntam.e I manholes and handholeg shall have live
all cables should be spemi nal and supply cables cross in a?”; bl parts inclosed in suitable cases. The metal sheathing of all con-
kst L t? I:Ltstthlefsoogt shou!d be maiutﬂ}il_lf"‘I ad ;f:scla i : ductors or cables shal] be made mechanically and electrically con-
AR Sf : tpr?)vided aasinplipbrastan orinjury by l tinuous with the meta] cases of protective, control, or other appa-
s ratus.

(b) Identification.

i therwise at
identified by tags or o
R plfrinanent‘ik{er permanent opening of the under}z
dhole, or o 1e : : : i
i manhotler,nha:xcept where their posztxf)n, in co%uzlrxt?zi:)n w
e SZSP;H’C(! to workmen, gives sufficient identific !
diagram

Joints or terminals of ¢g }

parts exposed to acei-
manholes or handholes,

() Supports. :
Secossibiiny: . pae s Mechanical support shall be proyided f'or all cables at each man-
(c) . sonably accessible from the cle hole, handhole, or other permanent opening,
Cables in manholes §haﬂ bex{f}?en cables cross by or over other (d) Underground Risers.
working space at all times. shall be provided between them to Conductors or cables
sufficient clearance inspection and repair to overhead systems shal
pio ble access to any cable for insp i
. e -
permit reasona i
and to prevent abrasion.

derground cables
hes made from, un | : g o,
e in, or branc ; in manholes
Rgte | Jolits Ta) essible at all times and should be in : minate in suitable potheads op simil
should he reasonably acg m as possible in the ducts themselves. 1
d as seido
or handholes, an

W ground system shall b
; holes. :
Clearance in Man s . ol
& ble, where practicable, shall maintain a ve_rtf;ls clea
bEaCI:}::: ﬂoér of any manhole of not less than 6 inches.
above

Order 1298, Spacing of Cables,

L g il
3 d

of Live Parts.

Cable Sheath. ided with a water
éa)bles unless rubber insulated, shallf o8 proi:lzizcirgltheir insu-
i ; cover
ter proo :
: heath or other wa s or nely
tig%lt m(atalrisn s, except when used as ground co?neigude cables
lating COV; egc,l osely grouped lead covered cables i e
trals. .W etrmore than 7500 volts, they shall ‘have S
. ;
Op;:;:;gcoverings to prevent damage from arcing
re

Note (1) Suc i i 1so fl‘equently advisa 1
. h protectmn 185 a : ble where au
v : e less than 7500, esPecially where some of the cables are 0£.
oltages ar
(2) A coatin . \ wi all amount 0_7
) ting of Portland cement mortar ith .a. Sn;l y .¥‘
lime over a wrapping of 17‘4 inech rope Wra,pped W‘ ith 14 inch spacing
. W tuins has been found satisfactory for this purpose,.
between tu

sources and less liahle to damage from
- Serious manhole fires,

(b) Different Systems,
Cables belonging to different s
- tribution and signal systems)

Order 1299, Multiple Conn

ystems, (particularly supply dis-
shall not be run in the same duct,

ections,

i » Special tags or other suitable means shal] be used
to indicate that fact,

- Note: Such marking is not necessary when suitable cut-outg are pro-
-.?Ided on both high ang low tension sides of apparatusg,
.




SION OF WISCONSIN

130 | INDUSTRIAL COMMIS

APPENDICES OF PART 2.

LOADING DATA, MEGHAN’IGAL GHARA-CTERIS-
ND REGOMMENDED NORMAL SAGS OF

APPENDIX A.
OVERHEAD LINE GDNDUGTORS.

TICS, A

1. REBOMMENDED SAGS, WITH GORRESPONDING TENSIONS
R LINE GONDUGTORS.

AND STRESSES OF COPPE
sags are those

While the following

s will sometimes call for mo
large conductors are carried by @
e larger conductors
es on poles at tur
guying at cro
(See Order 1249.)

ions have been rounded
methods

generally recommended,
difications. TFor instarnce,
pole line, greater
will sometimes be
ns and dead ends,
ssovers where

circumstance
where many
sags than those listed for th

advisable, to reduce the stress
and to permit smaller {ongitudinal

such guying is called for by the orders.
The figures given for the sags and tens
off to the nearest value which can be readily measured by
and instruments in pra.ctical use for this purpose.
The definition of “loaded” may be found in Order 1241.
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TABLE 15—SAGS
FOR HARD AND MEDIUM-DRAWN BARE COPPE
D R WIRE FOR

T DIFTFERENT SPAN LENGTHS
.80°, 60° and 90“ 1., wires without load.)

Sags

Span Lengths—TFeet

Size Grade of
Te
. W. G. | Constr. I)egr.cl %;.

3 100
; = - 125 150 175 ( 200 | 250 [ 300 | 400 | 500
: o o g 3 1:111 Iélz. In, | Im: | T | To. | Im |-In
o 12 | 18 | o7 et : -
b1 el B e | e e e e e
: A 20 R P R R i s
| % 12 | 18 | o |-
) s % AR | e
B 6 | 10.5| 16
6 Tl e [ S N | RS
e e e e
Rl e e e et s
_gg 10 | 15 | %2 33
e 14 | 19.50 27 | 89 |- REi e
Sl e e
6 | 10.5 16 s
2 22 | 32
& ﬂ 15| 2 928 | 38 % 1%
< 19.5 26.5 -3¢ | 45 | 77 ﬁg """"""""
30 6 | 1 s
20 0.5 18 | 16 | 18
® ﬂ %g 18 | & 24'5 ii 23 S
5 2 5| 235 28 | 81 | B1 | 75 %31 %
6 | 10.5 13
= T 16 18.5|. 32
50 o }g 5 18 21 24 40 g% e e
o 6| 23.5) 28 | 31 | 47 | 67 {?;8 215
o 212,
30 ]g %g.ﬁ 13 | 16 | 185 3 | 45
i 0 | B 100 | 170
= & 6| 23.5| 28 | 81 | 46 | 63 ﬁg %
6 10.6| 13
= 16 | 18.6
o %‘01 %35 g 21 24 %g g I% i
2 . ; ; 5| 28 | 31 | 44 | 58 | 111 }?3
10.5 13
o 5 16 | 18.5 2
6 0 %g o 8 | 2 | | 82 ig 3 B
5| 235 928 | 31 i
! 40 | 50 | 94 142
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; c e
ED COPPER WIRE TABLT 17—SAGS FOR SOTT-DRAWN QOVERED OOPPER WIRTS FOR DIFFERENT |
J VER. ] b
AN TUM-DRAWN COVE AN
TABLE 16—SAGS TOR B%‘%{.RI]?)IB‘F]?E%NE']? SPAN LENGTHS (At 30°, 60° and 90° F., wires without load.)

60° and 90° F., wires without load.)

(At 80°, e 3 . [
__/_‘_'___‘__,__—-—’,__— Sags i
ff—f— : A i

i Hage P e | Size Grade of Temp. ‘ Span TLengths—TFeet it
gpan Tengths—Teet A. W. &. | Constr., | Deg. T. - !
- L w00 | 125 150 176 200 '
Sige |Gradeot) Temp; Bop ‘
. G. | Constr. it e
- W, : In. In. Tn. In. In.
' b 05 No. 6 (o} 30 18 23 4 e pe T e
---------------- 60 21 82 18
) o i 90 24 36 51
AR SRRt |8 1A e S S I e e
A @ | ms| B | 4 No. 4 A 30 17.5 98 45
60 21 32 48
. - > 90 24 35 b1
o SO I W (S T[S L i s = o R
L o No.4 |B&O| a0 14,5 23 B e e e SO
60 18 o7 T PR
= o 90 215 a1 44 e
6
R o No. 2 A 20 14.5 23 % 49
‘ 60 18 a7 40 Bl
e P 5 ; 90 215 8l 4 59
: 9 No. 2 B &C 30 1 17.5 28 40 55
60 15 99 23 45 60
i o i 90 18.5 26 88 50 64
0! = it No. 1 A 30 10.5 17,5 28 0 | s
i 60 15 22 33 45 60
; i 5 o 90 18.5 26 37 50 65
o a0 o No.1 |B&G| a0 8.5 18.5 215 2 13
it 60 12 18 o7 a7 48
o o i . 90 15.5 22.5 32 12 53
0.
gg i No. 0 All 30 8.5 13.5 20.5 29 39
o 60 12 18 2 35 15
. i o & 90 5.5 2.5 31 S 51
No. |
gg &7 No. 00 All 30 8.5 13.5 20 283 36
i 60 12 18 25 33 e
= b i = 90 15.5 22.5 30 33 48
No- » i ~ No. 0000 All 30 8.5 13.5 18.5 24.5 30
; 2 )% | B | § | 8| B
o 2 2. 36 12
No. 0000 All e
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AND MEDIUM- DRAWN BARE QOPPER WIRE TOR

ABLE 18—TENSIONS IN HIARD SR SpAN TENGITS () LA abN

e /’T’&B—Eig”/
dition Length—Feet

Size  |Grade of) OORGIER) Span -
A. W. G. | Constr. | © e G

175 =

Lbs.| Lbs.| Lbs.

No. 8 o

No. 6 A

No. 6 B

No. 6 o

No. 4 ALl |30° No load!

o i

* No load 7
No. 2 All {307 o i o Wl o 370‘
i 122%135(}14501550 15a016001600_

No. 1 AL [30° Nologﬂ

sl
B o 370/ 430 1,900 1900

300 PO =
50| 1,450| 1,600] 1,700} 1 30019““\
970
All  [80° Noload (I

No. 0
9,150/ 2,200] 2,300 2,250

460
1,650 1,850 2,000

CONNTS

98“ Loaded

wﬂglqu
o 45 ¢

ggﬂ Toaded

No. 00

L 2,000 1850| 1,

500 1,700 1,630, 1,
mlﬂ(&g sasn's*rso 4,100] 4,000| 4,15

No. o000 | Al (30 Noload
N o & 66

1 ,ggg
9(())° Loaded

680
2,500\ 2,500{ 2

(2) Correspond to the gags of Table 15.
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TABLE 189—TENSIONS IN HARD AND MEDIUM-DRAWN OOVERED COPPER WIRE
FOR DIFFERENT SPAN LENGTHS (n)

Tensions
Size Grade of| Oondition
A. W. G. | Constr. | of Load 3 Span Length—TFeet
°F. 100 125 150 175 200 260 300
Lbs. | Tbs. | Tbs. | Lbs., | Tbs. | Tbs. | TLbs.

No. 8 e} 30° No load Y T 2 -

[HIE FEEREe 62 65 B e e

DO" gy 4 B4 b8 59 e ==

0° Loaded 470 520 {515 ¢ | R L s o
No. 6 A 30° No load 115 115 105 - _

o o o 9* % 95 ________ 5

el = 81 87 Sl =

0° Loaded 580 G40 670
No. 6 B |30°Noload| 155 | 155 | 185 |ocomoo|oeo . : :

BO% 110 120 115

QDEL FeE as 94 105 S5 e I fend L o

0° Loaded GO0 680 20
No. 6 (6] 30° No load 195 190 170

Bl 140 145 140

ons e gt 108 120 120

0° Loaded G40 710 760 820

No. 4 All  [30° No load 270 280 260 240-
BT R 210 210 210 210
BOe ke 155 170 175 185
A 0° Loaded 820 900 950 | 1,000
No. 2 All 30° No load 430 440 410 500 530 460 400
(i L] 330 340 330 400 430 410 370
GNsees ot 250+ 270 280 340 350 370 320
0° Loaded| 1,100 | 1,150 | 1,200 | 1,350 | 1,500 | 1,550 1,500
No. 1 All  |30° Noload 560 540 510 430 10 660 590
7 L e 400 410 410 500 570 570 540
90° ¥ u 310 330 350 430 490 510 490
0° Loaded| 1,200 1,300 | 1,850 | 1,550 | 1,700 1,700 1,850
No. 0 All 3{)" No load et GOC 670 820 930 910 870
07 e 510 530 530 660 750 80 (]
90" 4 390 430 450 550 630 680 680
0° Loaded| 1,450 1,550 | 1,600 | 1,850 & 2,000 2,050 2,200
No. 00 All 30° No load 90 860 ! 840 | 1,000 | 1,200 | 1,200 1,200
R 630 650 | G80 830 | 970 | 1,000 1,050
[ 480 520 | 570 620 810 890 910

"0° Toaded -1,700 | 1,800 | 1,850 | 2,100 | 2,350 | 2,500 2,600

No. 0000 All 30°N010Pd 1,356 | 1,350 | 1,400 | 1,650 | 1,860 | 2,250 2,460
) g o«

960 | 1,000 | 1,100 | 1,300 | 1,650 | 1,900 2,050
B R 730 810 | 920 | 1,100 | 1,300 | 1,600 1,750
0° Toaded| 2,450 | 2,600 | 2,630 | 3,000 3,300 | 8, 1850 4,200

. (%) Correspond to sngs of Table 16.




136 INDUSTRIAL COMMISSION OF WISCONSIN

WN COOVERED GOPPER WIRE FOR DIFFER-

TABLE 20— TENSIONS IN SDEFl'\ITTDé?»‘PQ.AN TS @

Pensions

Size Grade of Condition )____——-f""___'—'_’__—__
s s

w. G Consir. of Load

A

e S,
Ths. Lbsé;
No. & c 30 1\12 lol?d g’g 9
900 i i n 78
0° Loaded 540 590
° 140 140
No. 4 A %go NS lo‘Pd i i
G L 105 115
0° Loaded 670 710
9 165
No.4 | B&O 30° Ng-lo‘iid ﬂg A
mu o o ]15 }I%g
0° Loaded 720
2 ] d| 280
No. 2 A %., Nf.’ 10‘5 2
o0° ¢« 185
0° Loaded 900
s 350
No.2 | B&O 30°N'(‘)1c:sla,d 2%0
o o o 2‘[0 50
0° Loaded 980 1,0
° g 430
No. 1 A 30° Ng ].n‘gd o
13 o ?M 290
0° Loaded 1,100 1,200
i i 560
No.1 | B&OC son_ Ng 103&1 i
or L4k 310
0° Loaded 1,250
° 0
No., 0 Al {307 N‘(‘} lu'?ﬂ 5{510'
o s [13 !“'—‘y()
0° Loaded 1,450
No. 00 Al (30° N‘c‘} 103.6 g{ég
o i 4%
0° Loaded 1,700

No. 0000 All

(a) Qorrespond to eags of Table 17.
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1
TABLE 21—STRESSES IN HARD AND MEDIUM-DRAWN BARE OOPPER WIRE FOR
DIFFERENT SPAN LENGTHS (%)
‘ Stresses -
Bize Grade of| Condition Span Length—Teet
A. W. G. | Constr. | of Load
°qr, 100 | 125 | 160 | 176 [ 200 | 250 , 800 500
‘L‘ Lbs.| Lbs.| Lbs.| Lbs.| Lbs. Lbs.| Lbs. Lbs.
ger g{ﬂl’ gl’.‘l‘ gﬂl‘ f ger ger ge[‘ per
Sq . q. q. q. . 5 { S84q.
In, | In. | In. | In: 11(1!. 11(1I 11'1:j 11(1].
No. 8 o 30* Noload| 7,200 7,160] 0000k + ool o re s sarsas ammnaa fo s
K 4,800] 5,000] 4,800|- oo |onz K
e D 3,600 4,100 £,160] - cozfoo oo e
0° Loaded| 34,100|38,800(40,250| oo |ocmmm | o fmme e f e
No. 8 A 30° No load| 7,200 7,150
Gon “ “ 4,800 5,000
po° ¢« 3,600 4,100
0° Loaded| 27,400/30,500(3
No o B 30° No load| &,800| 8,700
g0° ¢« 5,800 6,000
CIE TR T1 4’199 5
0° Loaded| 28,400(81,750
N¢ # C 30° No load| 8,800| 8,700
GO e 5,800| 6,000
go° 5 s 4,100| 4,650
0° Loaded| 28,400/31,750
No. 4 All  |30° Noload| 8,800 8,700 K 4,850
Bo° ¢« 5,800| 6,000 6 4,550
ONZRSS RIS 4,700 4,650 5,250 4,400
: 0° T.oaded| 22,70(|25,700|27,400|20,400 30,500 30,600 30, 200
1o. 2 All  [30° Noload| 8,801| 8,700 9,850|11,200 12,400/10,300| 8,950 6,650
[i, R LA 5,800 6,000) 7,200( 8,400 9,600] 8,250 7,700 6,5.0
e« o« | 4.70,| 4,650 5,600| 6,450 7,600 7,150| 7,000/ 6,500| 6,250
0° Loaded| 19,404(21,000/23,650|26,000 28,100 29, 300{30, 20! 500(30,900
No. 1 A1l [30° Noload| &.800| 8,700/ 9,850(11,200 12,400(11,150(10,250| 8,250( 7,500
o ww 5,800/ 6,000 7,200 8,400 9,600 9,100| 8,850/ 7,760( 7,150
o 6 4,100| 4,650| 5,600/ 6,450/ 7,600 7,600| 7,850 7,300| 6,850
0° Loaded| 18,200(19,250|21,700 24,000 26,000 27,500|28,700(28, 80029, 000
No. 0 All  |30° Noload| 8.800| 8,700 9,850/11,200/12,400(11,700|11,400| 9,200| 8,550
gn0==th e 5,800( 6,000 7,200/ 8,400| 9,600 9,500( 9,500 8,500 8,050
0%, #F 4,100( 4,650 5,600 6,450 7,600| 7,900| 8,250| '7,800| 7,600
0° Loaded| 17,100{18,200 20,200/22,200(24,150|26, 000 26,80027,500 27,000
No. 00 A1l |30° No load| 8,800 8,700/ 9,850(11,200(12,400/12,400 12,500/10,100| 9,250
go° ¢ o« 5,800 6,000 7,260 8,400) 9,60010,000 10,400 #,100| 8,650
[t LS 4,100 4,650/ 5,600 6,450| 7,600/ 8,150 8,950 8,400/ 8,100
| 0° Loaded| 16,100 16,800 18,800|20,800(22,500| 24,200 27,600(25,400 25,400
- No. 0000 All  30° No load| 8,800| 8,700| 9,850|11,200/12,400(13,850|15,100|12,65¢ |12, 150
[BOS s 5,800| 6,000 7,200) 8,400 9,600/11,250(12,870|11,050|11,000
[RARE 4,190| 4,650 5.600| 6,450 7,600( 9,050/10,350| 9,850(10,150
| 0° Loaded| 15,000{15,100 16,900 18,60[]|20,100 22,700 ,24,60024,000|24, 850

(*) Correspond to the tensions of Table 18.
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1 -
3 PPER WIRE TABLE 23—STRESSES OF 5
e D MEDIUMDRAWN COVERED OOF SOFT-DRAWN COVERED COPPER .
TABLE 22’—STRES'SESFIDNR%%%%E%§:%T SPAN LENGTHS ) " "ENT SPAN LENGIHS (%) WIRE FOR DIFFER- '
S s ;
= =
_J__If——f‘_f Stresses i i :
——— 5 Stresses - |
‘ 4 Span. Tength—Feeb ; . . N
Size  |Grade of Condition — Size Grade of| Condition f
o, e . | Gonstr. | of Zoad | =0 Tps |10 | 170 I A. W. .| Constr. | of Load Span Lengih-—Feel : |
: . st ] gl 00
=y oAt \| | v |/ Te. | Tbs. | Tbs S I TESTS e e 200
e | Tpa. | Lbs. S : ) ] ; \ |
%gﬁ per | Der per Del per s o L e e I
8q. In.|Sdq. In.\|Sqr_. _151(1]‘| In.(Sq. In.(Bd. 2 _ S’qmi. x ]JB% 2
o ad| 5 T T el cz ’ i Tni. :
No. 8 g g load| %000 | 5050 1900 No. 6 O [30°Noload| 4,700 4 | T |
RO 1] 4,150 44,[[3}3% 4%:%?)’3 i [ gu()" % :‘ g‘gﬁl‘g él%m 3:900 I
o 35, 0, 2y = - o 3 , 700 'y
5 0° Toaded| 8,900 | 0" Londea| .20 | 2m600 | 20,600
o =0 | 5,600 | 5,150 |--—mmmm- ° ‘ : G
No.6 | a [ Nolosd) G550 ;,m\ 4600 |- No.4 | A |w°Noload| 4,350 1,950 Bt
G 3’,9\10 4'280 | 3%‘%5[}3 5 . gg.o i« :: g,(lig?} 3,750 3:550
o 800 2y T e o e | i . 3 3,45
0° Loaded| 28,000 | 80,800 | \ ! 0° Loaded| 20,400 21,600 25000
; 7400 | 6,500 |comaeniommm=mm ’
No. 6 ‘ B g?},N.?“’.?d 1.0 55950\ 5,50 No.4 | B & O [30° Noload| = 5,800 5,100 v !
a0 ¢« 4,550 5,({%{(}’ Sﬁ’% ‘ o it o §‘§gg 211,4(}{) 4,300 |
o 291300 | 83, 1800 (B e 2 3,55 900
\ 0° Loaded| 29,50 | o 0° Loaded| 21,850 937500 ﬁgﬁg |!
| o 9,400 | 9,150 s s U s N e ’ I
No.6 | 0 guNoloadl il v | 680 | 6 Ll A i50s Nolond (B85 87800 5,100 4,750 :
5 Wgo" LA 5,250 5.?}053 35’80((;%‘ %, :, :: g:%‘gg 4,400 4:3()0 I
» Lot 31,000 | 34, ; 5 ,55 3,830
{ \“ Toaded e 0 Toaded| 1R300 | 18600 | 180 b
0ne 8,500 ,800 'y 5
No. 4 \ A1l (30° Noload ﬁ%‘jﬁ 6,550 | 6,250 | g,igg" 6,200 No. 2 | B & O |10°Noload| 6,630 6,700 6,000 5,700 5,500 |
Sl s J’,S‘(K) 5,250 | b,4 i o u :: : 5,060 5,350 5:150 ’ s |
\ 0" Londed| 2k,00 1 27,400 28,900 | 30,700 o I ¥ oaded 187950 0500 4200 270 e i
- ails >80 20, | s tors
| s laeNolonal 8,300 8500 | DO | 530 | 10,200 o 2 i [ 21,500 | 21,750
NG l\ | Ry G’ml 6,550 g,iﬁﬂ 6"% 7‘%{)0 4 & gg“ No IU:.BG 6,600 6,500 5,800 5,550 5,300
Ohel @ i |\ wieno ) bzt | s e 2 Pt 4,800 5,150 050 | s a2
| ‘lgon L \ R g e "0° Loaded| 17,050 540 4,400 i:gflg i"%
| | [ 10,870 ! St , 400 18,550 18,850 18,050
Lane 8,550/ 8,200 | 7,700 9,650 ) » f y
No. 1 | Au ﬂ%%u‘*‘f? load| &310 il {2;353 E"g%% %":2%3 No.1 | B & O |30°noload| 8,550 8,200 7,500 7,050 6,850
loge ¢« 4,650 | 5,000 s 50! ' : “ Gy 6,000 4,250 6.050 2 :
10 Toaded| 18,600 | 20,000 | 20,800 23,700 | 26,050 0%, 2 4,050 5,000 6,200 e L
e 1oad| 8,600 | 8,850 | 8,050 9,050 | 11,200 0% Gadad) A0 20,100 20,500 21,300 21,200 '
No. 0 Al | » Neloftl et 6’,3%0 6,450 8,00 9,100 No. 0 Al (EeNoloadl 8,600 8,350 8,050 7,650 7,500
. B0« « | 4o | B.160 ) ) ) S , 150 6,350 : ;! ?
| (%8¢ Loaded| 17,650 | 18,500 19,000 | 22,100 | 24,800 e 0 1700 5,130 g,igg g,#gg g,mo
‘I | o0 | 8200 | 8,000 0.5800 | 11,300 0° Loaded| 17,650 18,500 19,000 19,600 %'%
No. 00 ‘ ANl ‘I:m“ Ngl‘}.?'d s %50 %-,gg ';,g%g ﬁl g,%gg No. 00 ALl {30° Noload 8,500 8,200 2.100 8,000 o
802 %« | 4550 | 5,000 5.4 g 0 Sl 6,000 6,250 i ; g
' 10" Toaded| 16,300 | 17,100 | 11,100 o0i950 | 22,550 | 24,200 mees e 1,630 5,000 8,150 5.0 6:100 ;
& e 150 | 5,000 | 8,500 | 9,850 | 1LIN 18,650 0 Louded| 160 | 17w | im0 | 18w | 1000 :
No. 0000 an 80 Noload) oy | 6,050 f.000 | 700 | 9,200 | L8 No. 0000 | Al [s0° Noload| 8,
{0 b.800 | 'm0 | 5500 | 6.800 700 | 9,650 Bhe e s R B 8,700 9,950 ‘
o ] 14650 | 15,000 127800 | 17,000 | 19,950 | 23,200 o w 2400 480 | 512558 Lin0 1,660
[ | i 2 0° Loaded| 14,450 | 15,000 | 15,700 16,600 Ly ‘
A ¢ i le 19. - - ‘ i i
(=) Correspond to the tensions of Table (%) Corrsspond to the tensions of Tahble 20. ‘ |
fii |
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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 ther
the steel wire will be replaced with copper or that copper circuits
will be strung on the same supports, it is recommended that the
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
conductors. This construction will eliminate a ragged appearance
in the line and will also assist in preventing conductors from

e is every possibility that

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, be comparable to the strength of structures
for long spans. The advantage of using short spans is accordingly
lost unless the sags are increased.

Since the sags for iron and steel
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 and tensions given in these tables
are limiting values. 3

A series of tables of stresses is not included since the value

ander loaded conditions is always that given in the preceding
The stress under other conditions can be readily’

wire have been calculated on

paragraph.
computed from the table of tensions.
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TA
BLE 24—SAGS FOR EXTRA BLST BEST (E. B. ‘B.) IRON WIR
ENT SPAN LENGTHS il i

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

o Sags
Sizs of Temp.
ok Deg.% = Span Length—Meet
100 (125 | 150 | 175 |200 | 250 |300 | 400 |z00 | 600 | o0
No. 8
TN % In. | In. | Im.
90
No. 6 SR e
Stl. W. G. 033 2 | o7
.N : 90 23.6| 87 | B4 | 74.5/ 100 | 165 |- -
o, 30 11 e SR BRSO
St W. @. gg 14.5 2 %ﬁg gﬁ ﬁ ﬁg ****
G 17.5| 28.5( 40.5| 66 | %5.1| 116 | ... SR
4 in. 30 7.3 v | so.5| 5| 65|10 |68 505 |||
; 5| 48.
7 strand gg %32 21 | 3 ég.g %'5 11102.5 %gg'g ssgg """ 1
A 5 5| 24 | 37 | 53 | 71 | 116 | 1635 310 =
. 3.8/ 7.9 13 | o2
7 strand & 51| 98 1f | %5 o & 100" 1%
o 74l 135 215 31 | 42.5| 70.5 108 | 1o
Tﬁti'];i:d gg 3.9 %.0 11.7 19 27.5| b1 5' 81
6 52 98 165 25 | 35 568 850 08
| 125 19| 215 3.5 61:5J' 013 108

TABLE 25—SAGS FOR BEST BIST (B. B.) TRO WIRE; FER N
- N I 8 FOR DIFFERENT SPA

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

Sge.ot | Tmp =
. . . Span Length—TFeet
100 ) 125 (150 | 175 | 200 | 250 | 300 | 400 (500 (600 [ 700
No. 8 In, | In. | In. | Tn. Sl
" %VI 5 g %-’; igs 22-5 e 1;11. In. | In. | In. | In. | In.
86.5 3 >
90 27 | 48.5| 63 | 8.5 ﬂg 18 i
No. 6 30 : 4
e 18 | 25 | 40 | 585
W. G. gg 16 | 28.5| 43.5 61.5 E’g ﬁg """"""""""""
19.5| 1 81.5| 46 | 65 | 845|136 || oI
No, 4 30 T i r
.5 116
St1, W. G. gg 10.6| 20 §'{'5 ﬁ'ﬁ gg.s g!.s 3
E 4.5/ 23 | 34 | 49 | 63.5 I(.‘g B o
4 In. 20 - ;
- 4.8 11.4) 23 !
strand gg 6.7 15 | =r EI %’5 %.s %ﬂ-ﬁ 2711
= 9.5| 19 | 80 | 44.5 61 |100 |18 | 275 |ooTTTTTT
g S R TR e U S 6 e e i e
e i 633 3.1 5.6 9.7 165 2.5 50.5 s1.5 1
o « | w4 18| o| sos| oes| ar | e | oo %8 (B
L 6.6 10| 17 | 25.5| 355 61 | o2 | 1M %% ﬁ 204
n. 30
R 2.8 5.6 9.1 145 2.
d % 45| 7o 18 18| 260 & %‘E 1 |58 |28 U8
5.5 0.5 15.0| 23.0/ 81.0 |18 |2 | o | 4o
84
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PABLE 26—SAGS TOR ORDINARY GRADE STEEL \WIRES TOR DIFFERENT SPAN ,
‘ LENGTHS ‘

(At 30°, 60° and 90° P., wires without load.) X
=

2 Sags i
- - Bize of Temp . - - Span Tength—Feet
ire Deg. I -
100 | 125 [ 150 | 176 | 200 | 250 | 800 \400 500 700
In In In, | In. | In. | In. In., | In. | In. In.
No. 8 30 o e B e i T 20 e e |
Stl. W. G.| 60 93 | 885 57.5| & | 106 |170 | 3261 |-—
90 25 | 40.5| 59.5| 82 |107.5\ 178 | 251 e i
No. 6 30 1.4 o3 | 85| B4 | 7B | 122 - | S B
Stl. W. G.| 60 15 | 26.5 40.5 b7 | 76.5 128 2
90 1% | a0 | 44 | 60.5] 79.5| 127 285 ool | =
 No.t | 2 6.4 145 25 |88 | 52 | 8 |13 \ _______________________
Stl. W. G.| 60 o'sl 185 20 | 4 | 56.5 915 134
; 90 1905 22 | 83 | 45 | 60 | 95 | 138 \ _______________________
1 in. 30 2.3 71| 165 8.5 4 | 75 107 | 2B ) B |- e
7 strand 60 il o8l 20| 3| 4.5 7.5 121
90 ¢l 26| 25 | ©6.5| 46| 835 126 | 283 | A0 |ocoemciremms
510 . | 80 o6l a8 70 1.5 19.5 40 | O3
47 gtrand 60 34 @ | 101 16 | 24.5 46.5 Th
90 4.6\ 7 | 13l5| 19.5) 2o | 52 | 80
"' 8 in. 30 2.6‘ 43 6.6 9.9 14.5/ 28.0 48.0| 105.0] 1
i strand 60 9 58 esl 125 18 | 38.0| 66.0) 2 300
90 ml‘ G.SI 10.7| 16 22.51 39.5| 61.0{ 118.5 397

B mE D RIE e T

TABLE 27—SAGS FOR SIEMENS-MARTIN STEEL WIRES FOR DIFFERENT. SPAN
LENGTHS

(At 80°, 60° and 90° T., wires without load.)

Hags
Span Length—Teet

Size of Tamp .
Wire Deg.T.

100 | 125 | 150 | 175 | 200 | 250 | 300

No. 8
8tl. W. G.

—
Loty

B e i)

30
60
90
No. 6 30
8t1. W. G. 60 3.
: 90 B,
7
No. 4 30 2.4
8tl. W. G. 60 3.5/°
a0 5.0/
14 in, 0 1.9 5.4 8.
7 atrand 60 2.9 B.7| 11.
90 2.7 8.6/ 156
§/40 in. 30 1.8 4.8 6.
4 gtrand 60 2.2 5.60 8.
90 25 7.9 10,
34 in. 30 1. 4 | B.
7 strand 60 1. 4.6 6.
90 2. 5.4 T.

BLECTRICAL CODE—APPENDICES PART 2

TABLE 28— TENSIONS

Size o
S61.W.G.| load and

Gondi‘;ions

Temp. F.

. 8 [30° Nolead
Gou “
No. 6 [30° Noload
. 4 |30° Noload
50' 6@ &«
14 in, |80° No
7 strand |60° ph lol?d
/16 in. |30° No load

7 gtrand 60° ¢ ¢
90

7 strand

s L
0° Loaded

GO° ¢ ¢
LIRS o

0° Loaded

o 5 “

0° Loaded

0p° ¢«

0° Loaded

CRT “®

0° Loaded
30° No load
mb 43 ‘"

90“ “ “
o Loaded

(2) Correspond to the sags of Table 24,

FOR_EXTRA BEST BEST :
St e R R S FOR

Span Length—TFeet
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ST BEST (B. B.
PABLE 2 TENSIONS FOR BEST BESE (B J
e

e
‘_ﬁ s
— Tensions
e e e .
gpan Length—Tee
T 200 400 500 800 | 700

s
—
p—

2 TRON WIRE FOR DIFFERENT

Ogndﬁi[onﬂ.
Size o

i load and
of wire =

Ihs.| Lbs.| Lbs Lbs.

Lt;%. e s
: % 39 i

No. G :;g b‘In lnu a8 3 5 |- :
BEL gpf il e 40 A R e

0° Loaded

No. 6_[30° Noload
Stl. w. G. 60.: [ "

0° Loaded

= load| 275 138 | 133
No. 4 [BENCIHT 120 | 128 |- ik
Stl. W. G mﬂ @ o« 146 915 | 915 |--mson|-memmnlemmm
0° Loaded| 915 al 12| | 15|
1
° load| 396 132 | 122
3 ;/%r;r;l At 81 126 | 18| B g\
SO TN 900 =
0° Loaded| 600 o 02
o 1,015 354
516 iﬂd % No load 9 33 324
7 gtran e @ 1,530 |1,530 |1,

564
0° Loaded |1,530

871 | 673
° No load 1,354 687 | 593
o S (3500 150 ore |t |, e,
9o o« 1,891 (1,891 |1,

0° Loaded [1,891

sags of Table 25.

(n) Correspond to the
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TABLE 30—TENSIONS FOR ORDINARY GRADE STEEL WIRE FOR DIFFERLNT
SPAN LENGTHS ()

Conditions Tensions
Size of
5t1.W.G.| load and Span TLength—Tect
Temp. F.

100 | 125 ) 150 | 176 [ 200 | 250 | 300, 400 500, 600 ; 70O

Lbs | Lbs.| Lbs.| Lbs | Lbs.| Lbs.| Lbs.| Lbs.| Tbs.| Lbs. Lbs.
No., 8 30° No ]Oﬂ.d b2 46 43 43 42 41 40

802 ¢ 46 43 43 41 41 40
gpe s e 42 42 41 | 40 40 40
0° Loaded| 508 508 508 | 508 | B0OS | 508

No. 6 30“Noluad 132 | 103 | 02| 8| 8| 8
% n (3 " 89

')()" LR 83 &0 78 ik 76 76
0° Loaded| w2 | m2 | 72| 7i2 | m2| 72

No. 4 [30° No Ioad 318 | 225 186 | 169 | 158 | 148
60° ¢ 211 | 178 | 162 ( 1568 | 147 | 142
PR e e 153 | 147 | 143 | 139 | 138 | 136
0° Loaded| 982 | 982 | 9s2 | 982 | 982 | 982

34 in. |30° Noload| 566 | 415 | 285 216 | 183 | 166 | 145 | 136
7 strand |60° ¢« 419 | 208 | 292 | 185 | 166 148 140 | 184
I 201 | 218 | 181 | 162 | 152 136 | 132
0° Loaded| 1,034 1,034 [1,034 1,034 11,084 11, 034 1 034 11, CBd

"/10 in. |30° Noload| 1,192 |1,070 | 924 | 782 | 640 491 | 416 | 363
7 strand [60° ¢« 931 | 819 | 698 | 595 5]4 426 384 850 | 336 | 328 | 825
DO RS ERRTs 720 | 610 | 518 | 462 | 280 | 3566 | 330 | 3820 323 | g92
0° Loaded| 1,710 |1,510 (1,710 1,770 1 710 1,710 11,710 {1,710 {1,710 |1,710 1,710

9 in. 130° No load 1,726 11,630 |1,506 1,872 (1,228 | 090 | 820 | 477 | 619 | 592 B17
7 strand |60° ¢ 1,402 11,316 (1,203 (1,008 | 992 | 830 | %28 | 635 | 597 579 | 567
90% ¢« |7 088 |1,017 | 981 857 | 792 | 405 | 652 | 600 | 576 | 66 | §58
0° Loaded| 2,249 (2,249 (2,240 2,249 (2,249 i2,2-19 2,249 (2,249 (2,249 (2,249 (2,249

(%) Correspond to the sags of Table 9R.

10 -
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FRERENT

¢ §IECL WIRE FOR DIF

: N NS FOR SIEMENSAMARTIN bﬂ'lEEL

TABLE 21—TENSILO e e o |

/,_; e -
Tensions

= PR R

—Feel

‘Oondjtilons gpan Length- Tee

3. MECHANICAL DATA FOR COPPER AND STEEL WIRE.

| B ol

(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.

L ——= |
Temp 1 \

1 l |Lbs.
Ths. | Lbs, Lbs.]Lbs,{Lba Lbs.‘

Ts,| Lbs.| Lbs,| T0s, Lbs, S The elastic limit as given by the same society is 55 to 60 per cent
No.8 St1.|30° Noload| 1851 90 & ‘éﬂ b | of the ultimate strength for hard-drawn copper and 50 to 55 per
. @, (60° <2 6 94| 604) 694 ——-|--—-- 3 o 4 7 o e
h . Loaded ol @'ﬂ‘ 694 94 604 cent for medium-drawn copper. There is no-definite elastic limit
(}u . B . . . 3 .
Go.5 811" Nolopd| 452l 30| 218 | for soft copper, but its behavior, after having a slight preliminary
No. Wit A Bl i = X . 1 : 3
W. G. 600 L o 501 sl}gg‘ 181 G| e e stretch, may be considered as approximately that of an elastic
2 6 . : sl N
0" Loaded) 900 e 535| ar s 4 material having a limit of elasticity of 10,000 to 15,000 pounds per
o ad 833 822 281 ! E T ;
No.4 8il. |80 Nolopdh ) um ser| s L 29 Sg oy square inch.
ess gg: . ded| 1 8|1 30 1.% 1,§3’T' 1,847 | 1,347|1,847 1,347|
0° Loade fi !

944 199! 184

in. (30° Nolond| 1,008 85 'gg §$§| ggg 315 |
S EAR ROR B Bosor |
0° Loaded 1!350‘1'35% I,SSUI ,350) 1, \ 567‘ e 'igslg—““

1 9| 4281~
| 666| 520 460 443] ZBi--—0
| 1,172} 1,058 | 832 483l 447| 430 i
. 58| 1,378 1,280| 1,173 675 B73 160~
7 strand [60° %_' 0| 1113| 1,028 o 2?,%)' glﬁg 9,160(2,160 2,160/2,160[2,160/2

)

TABLE 32—MECHANICAL DATA FOR COPPER WIRL
1 4
¢ 2,160 :
O Kofen) At 2,160\ 419 2,815 |2, 10018081, 410 1,114 96T} £ o
2,6b2| 2,666, %,%%% %’097‘ 2,006 | 1,80 H%g _111.23108_31,'5*1 870 gzﬁls ‘ET!! Hard-drawn | Medium-drawn f Soft-drawn
’ 778 1,606 |1,617) 1, 8681 5,008 fla 061\3,061 e ;
1 ool Leid) L8 1o0er | 8063 (3,061 (3,061 |3,06118, i
3,061 8,C ) |
061 3,081{ 3-051‘ Ll e

) O jel 8 e
™) orrespond to Sag of Table

The modulus of elasticity has been taken at 16,000,000 for all
grades of copper. The coefficient of linear thermal
degree F. has been taken as 0.96 X 10 -5,

:PanSIOH per
i 1, 1, 3
f1n m. No load 1

3 in. |30° No lo;Ed
trand |60°
s 90°

I L}

"0° Londed

| Avernge Avera ge |

Diam- | Average | Average Minimum)Maxim'm Elonga-

Average | Average
eter | Ultimate' Elonga- Ultimate| Ultimate| tion Ultimate| Elonga-
Strength‘ tion | Strength| Strength Strength| © tion
Lbs. Lbs. Lbs. Lhs.
Per Per Per Per 5

56,000
204 | 60,100 1.24 | 481330 | 55.330
238 | 57,600 1.98 | 47,000 | 54,000
289 | 56,100 2.17 | 46,000 | 53,
395 | 54,500 2.40 | 45.000 | 52,000
365 | 52,800 2.80 | 44,000 | 51,000
4 | 51,000 3.9 000 | 50,000
46 | 49,000 8.7

(b) Iron and Steel Wire and Cables. The following table con-
ains data on the strength of various grades of iron and steel

d cables. The data for cables was obtained from
e American Telephone and T
if Standards, and for solid wire

wire
tests made hy
elegraph Co., and by the Bureau
from manufacturers tables.

The elastic limit for different samples of the same grade of wire

ill vary over a considerable range, the minimum value being 0.45
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th and the maximum 0.55 of the ultimate.

of the ultimate streng
t, therefore, has been taken as one-half of

The average elastic 1imi
the ultimate strength.
r, in order that the minimm value of elastic limit may
ded in practice, the sags for iron and steel wire were
is of a maximum stress of nine-tenths of the
treme loading condition.

der the most ex
1 expansion for iron and steel per degree

Howeve
not be excee
all figured on the bas
average elastic limit un

The coefficient of linea
T. has been taken as 0.67 X 10—

N AND STEEL WIRES AND CABLES

97 MEOHANICAL DATA FOR IRO.

TABLE
‘_)__—r_)____———j__f_,#.r___i/
Modulus
Ultimate Strength of— of Flasticity
x 10-¢ of—
R o I S
Size Diam- | Aved | . Ordi-
Nominal » nary
Ordi- Sie- Grade
EBB BB nary | mens- EBB and
Tron | Tronm Grade | Martin| and Bie-
Steel | Steel mens-
L Martin
e — P L —
Lbs. | Lbs. Ths. | Lbs. Lbs. Ibs.
Per Per Per Per Per Per
:l'd 5 sq. Tn| Sq. In. 8q. In.(Sq. In. 8q. In.|Sq. In. 8q. In.
Solid:
No. & Stl. W. Gvmmnee== L 0206 | 43,450 51,000 54,700 74,800 26 29
No. 6 Stl. W . 0289 | 45,450 51,000 54,600 74,000 26 29
No. 4 Btl. W ‘0308| 45,500 | 51,000 54,600 | 75,000 26 29
stranded: )
1 in., 7— 83 mils 3 .oz79| 47,500 | 62,700 60,700 | 79,200 | 19 21
5/ap in., 7—109 mils = 0054 | 47,400 52,000 58,100 73,400 19 21
1,86 0792| 48,000 53,000 63,200 85,900 19 21

s in., 7120 510 ) [ OO Ig R i
- I __-.__—4____———___—_

4, RESULTANT CONDUCTOR LOADINGS.

The following table give
foot for conductors of various size and mé,terial.

are based on the assumed loadings given in Order
average values oi the diameters of weather-pro
aver-all diameters of covered wires supplied by va
turers vary considerably and hence average values
This is also true of the sizes of the
stranded steel cables. The values of loading 2

sizes of strands given in the table.

ve based on t

s the resultant loading in jpouncﬁs pet
The calculations

1241 and on
of wires. The
rious manufac-
are chosen.
strands which make U]

B
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TABLE 34— OALOULA
OULATED LOADING TOR
- . CONDUCTORS OF
VARIOUS SIZES

Size of Conduct: i :
b Dvee ok | Dation | Hesat
Bare solid cop: :
per, A, W. G
No. 12 [ 3
copp 3 n. i}
ﬁg: éo it bs.oi?ggoﬂ't. Lbs. Per Tt.
N - .102 .032 055
o g 198 050 i
: - 162 0795 o
Lermass = L9204 1126 o8
No. 1 = -
: 268
gg- 80 289 :22% 1%
N e 325 .390 i gﬁ
B 3 ?gﬂ .éga 1.809
2 V:El’z P. solid copper, A. W. G = s
%g ]80 ...... .21 085
go : - 2 .g$3 :%
0. 4 ' 1
-2 12 1o
go % iiiiiiii : .164 1.164
O
e n £
ik — A7 316 1Es
i — - 30 40T 1.435
S e 265 o0 185
S P. stranded copper, A. W. G ‘ it
No. 1 __| = —
No: e 444 .
i — i 518 o 1:5%
Mot e ~620 1424 L8
- . L662 522 Tt
% ; i85 1800 1008
350’000 eir. mils. . ‘ o
s S S T R
£ g ' . lg ! : ‘.
i ggg.g% eir. il o i =F 1,1;5 . %géi o
s e e TBe ee L
Barl%ostrémded e e o L i 5%%
291 .061
ggg 077 :zl ggg
e 097 1.112
) i 198 1.168
m%gteglgtso]jd and stranded. : . et
No. 6 80 W, G sl -mmmeee
5 G moldl e s s
N(;/, sitnSt]"TW' G Eollge e T s ‘83?, i
f‘/lf; iy };- 83 mils. str._______ 55 1 it
L —109 mils. str..____ 77 e 1 1o
., 7—120 mils. str._____ e - %[ﬁ;
| erRenal 1360 : :
Bare solid iron No. 18 B WL G- G 6 e | =
Bare solid iron No. 1By W G B s i s
L 301]' copper No. 12 N. B S B0 iy 4 ; E
lare solid copper No. 14 N, B. 8 o s -O%g o
_ S 1080 L019 T
5 .B14
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ACTERISTICS,
B. LOADING DATA, MEGHANICALJS;'EIT\IE SUBFOTS
APPENDE:)(M;VIENDED SETTINGS OF OVERHE
AND REC :

v

ned Vertical and Transverse Loads on Conducj::sd 3];

2 ASS‘“-“”-B‘. Is and Sizes. The vertical loads on suppor Ly

£ioiin Mmﬂ""“_’ : th'th or without ice based on the ass.rtmpltlodinas

Sl & n in Table 35. Values for veljtmal oa te?l

Ordﬁr'12427{a,ogtl‘lr121-g 32&5 and materials can be readily computed.
for wires o

i 'P PP y erenlt
T all et& (0} (& 1 1
Ilie ove dla.l.ll Ak f W ﬂ.the 1()()f wire su 118(1 b dlff ren

y S are
ma U.fa( turers Vary Ccor lSldﬁI 8.])1 3 and h(!n(‘,e ave age value
i .

chosen for the table.

UPPORTS
S QONDUCTOR S

AL LOADS ON

TABLE 35—VERITO! !

ductor+
Diameter Conc 4
over all | 0.5 inch ice
Size of Conductor
In Lbs. Per I't.
0.381
! - S N 0.081 0.406
Earel golidisonpary B Sl it BRI T 1 0.440
No. 12 = 162 0.491
G 0,564
e 0.673
ik 0.744
el 0.833
i ‘ 0,910
160 1.258
| e
= 0,519
i ‘ 0.547
. 0.621
o 0711
et 054
s 0.919
. 1.029
53 1.4}
‘65 1.482)
Add el
‘518 e
62 :
s 1.245.
85 1.699
1862 1564
\978 2208
1:108 25
1.343 J il
1581 4,987

~diameter in inches, which will give th
© results because one must divide by 1
by 8 to give values for B and increas
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TABLE 85—Qontinued
i Diameter Conduetor4
Size of Conductor over all 0.5 ineh ice

e et =y Wil e
Bare stranded aluminum, A, w, @,
No. e e e 0.201 (.553
No. =i . 328 0.592
No. 0 __ 368 0.086
No. 00 ___ 414 0.691
R e 522 0.831
Bare solid copper, No. 8 B, W. (B .165 0.495
Bare solid copper, No. 12 N. B, §._ L104 0.40%
Bare solid topper, No. 14 N, B, §,~ 080 0.380
Bare solid iron, No. 12, B. W. &. _ 109 0.410
Bare solid iron, No. 14, B, W. Bt RN .083 0.381

Bare stecl—solig and stranded,
No. Stl, —solid_._
No. 6 StI, w. G.—solid__
No. 4 Stl. w. G.—solid____

1 in., 7— 88 nils., stranded.
S/1s in., 7—i09 mils., stranded___
in., 7—120 mils., stranded

The values of transverse loads computed from Orders 1240-b,
1242-b, 1280-c, and 1281 for various grades of construction (A,
B,C, D, or E) are given in Table 36.

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-pound wind and half inch of ice on con-
ductors, The next column to the right gives values two-thirds as
great. The column headed A gives values 50 per cent larger than
for B. Tt 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 introduce different
working stresses in the material,

Values for transverse loadings for wires of other

outside diame-
ters can be readily computed by adding one inch

to the outside
e force in column A. This
2 to convert to feet, multiply
e these by one-half for A
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| _ (.b) Calculation of Moments of Resistance of Poles. The re-
; ‘ sisting moments of sound chestnut, western red cedar, and cypress

) :
f oles for i : : .
Al CABLE 3—EQUIVALENT TRANSVERSE FORCE ON WIRLS P. Nt glound—lme circumferences given in Table 37
i Actual foree on ieecovered wire modifled for grade (pounds per conductor per foot.) are based on a maximum allowable fiber stress of 2500 d
' — square i el pounds per
1 i _ = E 1 nch, which is one-half of the assumed ultimate strength
i SR It T A B ;I‘he resisting moments of northern white cedar and redwood
: ! ——— : 00
! poles are based upon an allowable fiber stress of 180
: . | : A 50 0 pounds per
1.08 0721 0.480 i square inch, which is one-hal P
bb i e i ) one-half of the assumed ultimate strength
I . . ] et .
y 120 | 508 i . For other varieties of wood poles, the resisting moments will b
. i | 1559 in the same proportion to tl e i
’ T ot s sl tedalnd Ul
1.33 5 ‘ 80 b
& 1.31 910 01 g he different woods.
1.46 3 F
or ; :
ma besoung SO{IIthem yellow pine, the same values as for chestnut
; used.
12 0.5 0.598 3 31’1 e alues 30 per cent greater than for chestnut may
15 ‘50 1587 e o etése southern yellow pine meeting the standard of
L3 | .020 613 erican Society for Testi ;
1,44 2960 1610 . . esting Materials. South
; ! 653 ine sh s ] J ern yellow
%:ﬁé ‘ %_%g% i : Er Sub‘ouiddnot be used for supporting structures unless creosoted
R 733 : i J,ZL e. to' S0mIE other preservative treatment, as Other-wise
\ y ¢ rapid deterioration will require early replacement
1,44 0,963 | 0.0 T g .
T 1080 I\ le’gg ! he following formula has been used in calculating the moments :
1.66 1.108 139 M— : ] 7 :
ip | 0.0002638  C* = moment in pound-feet ; where
1.8 1,319 879 L E ‘
SIS ey ‘| o t = allowable fiber stress in pounds per square inch, and
750,000 cir. . : 041 Sy y
1,000,000 eir. M8, —oooomomsormanomommnen e 18 | L : C = circumference of the pole at ground line in inches
Whil - ; : :
1.2 0.861 Q 0.574 sectione‘ the 1glound-hne section may not be the most stressed
1.8 o1 611 s in poles with considerable t: e i
1.41 .913 028 . able taper, it is s
152 1.015 676 Since the wood usually deteriorates nﬁos; rapidl A i&gla‘r SE g
i - : idly at this point, it
Bare solid, No. . W. G 1.17 0.777 0.518 - is here that suffi : point, 1
e solid. No. 12, B. W. G. 111 730 193 _ cient strength must be provided.
Bare solid, No. 14, B. W. a. 1.08 122 .481
Tare solid, No. 17, N. B. 8. 1.10 738 ot
Bare solid, No. 14, N. B. 8 1.08 720 480
Bare solid and stranded. |
o 8 8t W. G SOl ooomomocmmmmnenos 1.169 13 516
No. 6 Stl. W. G. solid 1,192 oL | 530
No. 4 Stl. 'W. G. soli 1.225 .816 .5dd
1 in., '— 83 mils, 1,949 ‘a3 | 555
5/i¢ in., 7109 mils. 1.327 884 .590
8% in., 7—120 mils. StT.-oooomomoemmmes 1.360 906 | 604
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hi to ha = respective elevations above ground in feet, of con-
ductors subjected to forces P; to B;,
S = span length, in feet (or one-half the sum of the adjacent
spans).

oLES FOR VARIOUS
 eniNG MOMENTS OF SOUND ngoﬁgimum ATLOWABLE
ABLE 3I—RESISTNC o PRENOES, BASED O RT INCH FOR CHESTNUT,
GROUND-LINE OIR o500 POUNDS PER SQUA b 1800 POUNDS PER
EIBYS ST;?NE S%E%F GUDAR, AND nyﬁglfg}ss' OﬁAR AND REDWOOD
WESTE 'OR NORTHERN W
SQUARE INCH ¥

el T

P, = pressure in pounds per square foot as given in the rules

mentioned above, according to local conditions (A, B,
C, D or H).

D = estimated mean diameter of pole, in feet.

H =—=height of pole, ahove ground, in feet.

Then the moment due to the pressure on the pole is M, — % P,DH?

e

pound-feet and the moment due to the ‘pressure on the conductor is
Resisting moments M~=S (Pnh, + Panh, + . .. Punyhs) pound-feet, and the total bend-
L iante ; _I,Dund—ﬂ_:ee: ci,gl ing moment on the pole is M =DM, 4 M.. This value of M will always
\ %ﬁﬂggéﬁ%.ieet for Oircumfer- __.__f_”_birf’_lf_—-——- be employed for poles carrying supply lines only, but where only signal
o fiber stress of ence at 2 500 pounds 1,800 Dfﬁg_‘gs conductors are concerned, the bending moment to be considered, in
oo m&; El‘?}}‘c%‘;sm per square | Der £d order to fulfill the requirements of Order 1281 will be as follows, when
ground in %500 DL, 'pec_sqlﬁm'e R side guys are to he used:
ineches B ing] —_——— 59,400 M =M, + M., when N ig not greater than 10;
e 50 98’%'%%?} 63,000 10M.
i 9,120 i 51 52,7100 st M =M, + » when N is 11, 12, 13 or 14; or
o 10,300 ’ ar0) & © 98,200 e
% 8,35 53 : 74,800 .
% %’ggg 9-1")% 51 11?}3:3“08 19,000 M =DM, + M., when N is not less than 15.
gfs 14,500 %2'.600 b EE 115,800 ?’qw .When it is intended to use a pole strong enough to allow the omis-
50 %gégg 1%?93 87 | gﬁ’%‘é‘é 99,’,?%8 sion of side guys, the bending moment to be considered will he M—2
30 2 14,16 58 ’ o7, . 10M
19,650 5600 o 135,400 I “ ;
o 21,000 ﬁr,;}!%g ey 12500 %0 (M, + M), or M=2 ( M, - — ) or M=2 (M, &M.), according
33 7 18, 61 > 113,200 N
25,900 157,200
24 : 20,400 62 bl 118,700 .
= 98,300 164,900 to the value of N.
% 80,600 B % 1,000 | 12420 : :
= 8,400 2,100 o 181400 126,500 A pole should then be selected having a length equal to H plus
38 : 28, 86 : 14z, S ads ; . -
- 39,100 0,400 or | lesdn 140,300 . the depth to which it is set in the ground, and a ground-line cir-
40 o s 68 : 156, ; ; o
i e 1200 % | o 0 162,900 cumference given, by Table 37, a resisting moment equal to, or
) y w0 A 170, 4
- 6,00 10,50 o ‘ 3§2"ﬁ,‘%‘5 T, greater than, M as obtained from the ahove formulas.
° 60,100 PSR m 256,600 100 k.
4 8.0 40300 (5 267,200 200.3 (b) Examples.
t_;:g 72’!9:,() g%:g%g il H |
77,600 :

- (1) Suppose it is desired to choose a pole to comply with the

orders under the following conditions :
ZE OF WOOD POLE REQUIRED. :
Sl
DETERMINING
2. METHOD FOR

- Adjacent spans 61 feet 8 inches and 89 feet ; average span 75.33
eet.
" Used. ) . height
(a) Formis length, the size, material, uumbﬂ_: anie:ligr:lts i
Given the Spaﬂ-, e of £;01e which will fulfill the 1‘(ﬁu'ned by us
condmtﬁioﬂ;ﬂ S1§42-b 1280-c, and 1281 may be obtat
O]_'del's ) !

Height of pole above ground, 62 feet.

. Line in urban territory, and carrying the following wire load :

ght
. iremes arm Size J Number Voltage
- transverse strength require ove of Kind of Wire of (or other
following formulas for any und Wire Wires class)
of ‘I;li’le o e hazards involved: :
as determ : tor : .
ors GA. W. G | T. B. W. P. solid copper-.. i} 7.6 amp,
: tors in groups, all cont?\lcn i 6A. W. € | . B. W. P. solid copper 6 7.6 amp.
to n.—number of condfi]c aame outside diameter & : mog i. g g L. B g ?.'g'. soﬁg copper. 6 303"} .
n Nis== 3 e . . . s . B . BO COopper.. 4 2, VO
Let 1, group heing of 0000 A. W. G. | T. B. W. P. golid copper. 4 2300 volts
same elevation. o ol 00008 ﬁ g gr 'r_l[: g _&: g sogg copper. 6 2,300 volliés
. uc . 3 . . G . B. . . solid copper________ 2 2,300 volts -
N = total number of con e pounds per fOOt‘ g 350,000 e, m. T. B. W. P. solid copﬁer.__ = 4 2,300  volts
fvalent transverse Torees 1o L o ective grow 0A.W. G | T, B, W. P. solid copper.______. 1 7.6 amp.
P, to Pn:equthe “izes of conductors In 6A. W. G. | T. B. W. P. solid copper....._. 2 110 volt
fg{mn from table 36.
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According to Order 1231-b, this pole will be required_ to COTIpii
ith Grade C, and the transverse loading due to the’ ,erf‘:S w:aken
:\;mputed as ;follows, the values of “Force per foot” being
from column C of Table 36.

Span Force in Number Heighotuiléove E;a;anr}’enﬁ
! er
e pgrurflgit W(i)l'"ies in feet (pou;;;—éget)
il : 587 X g X gz = 16960
Ul T 6 % 5033 = 1o4%0
Liiie 587 X § X 5638 = L4900
e 3 X VIR p433 = e
A 73 X 4 X s233 = 118w
e M3 X 6 % 5033 = g2
e >><< .68 X L e L
L Wa. w4 o iigg = 1720
7538 X 587 X i % 1zl = 1960
7533 X 587 X 2 X ; |
M. = 108770

i i llowahle fiber stress
ed will be one having an a ; o i
f%sgg(])ﬂgo?ggst%e?'es‘aiare inch. A pole of 571 21%16:{]}10651) fﬁﬂﬁiéiﬂe T;l :
e i resisti oment of - :
d 11 have a 1es1stn:.1g m | ) S
iﬁﬁgeizzﬁfrf :L minimum top diameter of 6 inches, and fo D
this size

57
6+——
3.14

Mpy—3% X (8 X 8) X % 622 =10300 pound-feet,
= 4

2 .
M=M,+M.=10300 +108800=119100 pound-feet.

it 1 i rimi hether or not the pole
2) Suppose it is desired to determine w . e
useEd )conlgﬁlses with the orders, under the following cond1t101r:1is1 2
Adjacent spans 124.2 feet and 139.1 feet; average span :
feet.
ight of pole above ground, 43 feet. .
\I;\I;:i;ri? re]il cedar pole, of 10 inches top diameter, and 60 inches
-ottnd-line circumference. . _ :
g“;_.ine crossing over railroad and carrying the following load

-
e R T P e

Height

Number Voltage
of arm Size th ("é:sg;“
e P Kind of Wire ires
ground Wire
in feet

1 “ground

y r, steel..———— Frcreem Maltr.
pit ‘ el B 3. s 3 | 13,000 yalig
42.17 0000 A. %‘; g % B ; i 13:%0 valts
g'% 3338%1 W. G.|T. B. W 4 _
a1y | GA. W. G.|T. B ‘%’r‘ L
32.17 2A. W. G. |T. B, s g
Se.1r | 104, W. G. | Bare Sol.
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According to Order 1233-a, this pole will be required to comply
with Grade A, and the transverse loading due to the wires will be
computed as follows, the values of “Force per foot”

being taken
from column A of Table 36:

Span Force in Number Height above Bending
length pounds of ground moment
in feet per foot Wires in feet (pound-feet)
131.65 1.25 X il ® 455 = 7500
131656 X 1.78 X 3 X 42.17 = 29600
131.65 % 1.78 X 2 X 39.67 = 18600
131.66 X 1.78 X 4 X 37.17 = 34800
131.65 X 1.2 X 1 X 32,17 = 5600
131.66 X 1.44 X 3 X 32.17 = 18300
131.65 X 1.10 X 2 X 28.17 = 8100

M. = 122,500
60
10+ -—
3 3.14
M,.:%X(ﬁx S)X———X 432 == 13400
4 2 X 12
M=M,+M. = 135900

By Table 37, the resisting moment for a ground-line circum-
ference of 60 inches at a fiber stress of 2500 pounds per square
inch is 142500 pound-feet. Since this is greater than M, this pole
is strong enough to comply with the orders.

(3) Suppose it is desired to determine whether or not the pole

and side guys used comply with the orders, under the following
conditions :

Adjacent spans 104 feet 6 inches
span, 110 feet,

Height of pole above ground, 52 feet.

Chestnut pole of 8 inches top diameter, and 60 inches ground-
line circumference,

and 115 feet 6 inches ; average

Signal line crossing over railroad and carrying the following
wire load : '

.

—_——

—_—
Height
oib Arm Size
above 3 4 : Number | Voltage
ground Wire Kind of Wire of (or other
in feet Wires class)
—_
51 8B. W. G. | Bare copper _._.__________________ 8 Signal
49 1Z2N. B. 8 Bare eopper .. _______ " "°7 10 Signal
47 1ZN. B, § Bare copper aeee————oo___________ 10 Signal
45 12N. B. 8 Bare copper __________________ - 10 Signal
43 12N. B. 8 Bareteopper: Zo0 L0 0T 5 Bignal
E
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e will be required to comply

to the wires will be
¢ foot” being taken

According to Order 1235-a, this pol
with Grade D, and the transverse loading due
as follows: the values of “Force pe

computed
1n D of Table 36:

from colur
Span Worce in Number Height above Bending
length pounds of ground moment
in feet per foot Wires in feet (pound-feet)
110 K 17 A 8 X 51 = 34,900
110 K 7136 K 10 % 49 = 29,700
110 o 136 K 10 S 47 == 28,100
110 , 736 X 10 X 45 = 36,500
110 K 136 K 5 X 43 = 117,400
M. — 166,600
60
84—
3.14
M,=3% % 8X X 522 = 12,200
2% 12
Since N is greater than 15, M=M, + 2% M= 12200 -
111065 = 123265 pound-feet, if side guys are used, or twice this
t used.

d-feet, if side guys are no
ent for a groun
ess of 2500 pounds per square :
less than the value of M
| be required, and they

value, that is, 246530 poun
By Table 37, the resisting mom
ference of 60 inches and a fiber str
inch is 142500 pound-feet. Since this is
to be used without side guys, the guys wil
will be required to take the entire horizontal load.
By reference to Table 37 it will. be seenl that a
_larger than 72 inches in ground line circumference W
if guys can not be installed.
Assume that guys are installed having a le
height of attachment to the pole, or a lead of 1

of attachment of 45 feet.
The force necessary at a height of 45 feet to produce—or

a bending moment of 123265 pound-feet at the grou

d line circum-

péle slightly .
i1l be required

ad one-third of the
S feet with a heig

counteract—
ety 123265 3
line is — 2740 pounds, and the equivalent force act
45
R 158 o 45°

¢ 2740 = 8660

n of the guy will be

in the directio
15

11 therefore be required having a tensile streng

~pounds. A guy wi
at least equal to 23X 2660 = 17320 pounds.
4. Suppose it is desired to determine whether or not
pole used complies with the orders, under the following €€

B B g S

ELE
CTRICAL CODE-—APPENDICES PART 2 15
9

Adjacent s

2 pans 104 feet and 92 {

' b ect; averag

IéIlmght of pole above ground, 48 feet Eehar
hest ) i , -

Sa I}ut p.ole, of 9 inches top diamete i

ground-line circumference. G

Joint supply and signal I
toad. 3 signal line and carrying the following wire

I:Eeﬂght
of arm i
above L
grou : ; ;
o Wire Kind of Wite Number | Voltage
Wires c]a%?})er
47 L
5 . e
ig 6 A W. G. % % %‘; P. Sol. copper.
43 0000 A. W. G. | T. B. W. P. Sol. copper_ 1 i 6.6 am
i w AW e | W. P. Sol. copper Ty 6 6.6 a D.
7 2A, W (_"' 3 WL o 3 2.300' o
39 2A WG T, B, W. P. 3 5300 vol
30 BAL W, G DBy W gl pen vels
a5 1N B8 T B B 3 % volts
33 12 N: B. S. Eare copper 2 326 volts
: | § | moons”
8 Telephon
e

According t .

¢ to Order 1234-c thi

comply with gra 1234-c this pole will be requir

7 1 grade C, and the transverse loadizglccl?mited Ito
1e to the

w let ()H(]W’S 1 vaiue I"”[(: ])e}
WITES ]I] bc com Ed as f (& 1
3 = Of e

foot” being taken from column C of table 36
ble 36:

Span#* b
'Ieugth iI;‘lmi(I:]i Number agggvlgt ndi
in feet per fodt Pf kL mBeudmg‘
- ! e wires ~ in feet gment o
s x :587 i ; " - - D 111nd—feet
98 X 734 G > . = 16,2?0
98 X 68 : : o - = o3
el e rono
B s e sl = 23,100
98 X .bB7 3 ‘ - = o
¥ 98 | X 491 r - ¢ - = e
e 0 X 35 = i
A X R ity SR 8260
= 6,350
Met =
a3 103,030
Ol =—
o - 5
Mp—éX('ei><8)><*—1i><482 =
2 X 12 e
M=M.+ M, = 110,100

B Tabe 37 the resist
e ting mom f
ce of 5814 j ent for a gl‘OL‘[nd li ir -
h is 132/6 Olgclf)lss a;(; a fiber stress of 2500 Poungs ;::‘:mfeb
o 4 und-feet (by inter i gt
fiches ). = polation bet

). Since this is greater than M, this poleei;msiternon5 e ?19

g enough.

egardi
ing the last two lines gee also Order 1272-d
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ILLUSTRATION OF ALLOWABLIE NUMBER OF WIRES ON A
GIVEN POLE, AND ON A POLE SUPPORTED BY
A GIVEN SIDE GUY

3.

(a) Assumptions on which Tables 38, 39 and 40 are based.
In Table 38 it is assumed (1) that all wire positions are filled
and that crossarms are 2 feet apart; (2) that poles are set 5.5
feet in the ground; (3) that 6 pin crossarms are used unless
otherwise stated; (4) that the placing of wires is begun at the
top arm (wires 6 inches below the top of poles) and continues
to lower crossarms until limited by strength of pole or
clearance of wires above ground to a minimum of 19 feet at the
support. This is assumed to be the minimum allowable 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 numbern
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.) 3

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

1-10000
: ' 3 T Ib.
different ground-line circumferences and different spans for a 1-16000
e y ; ‘ 5 s Ib.
35 foot pole, is given in Table 38, according to the hazards in- 100 g . L T R e
‘ : 125
volved (A, B, or C). —__‘____J 150 5 6 o | B B| m
. , 1 —— v 8 13 15 o
The table may also be used for poles of greater height by B 5 TR 7R B e
using the ground-line circumference, but reducing the allow- 4 1% : . I z &
able number of wires, in proportion to the increase in eleva- 3 ‘T_i_i R B T
: : s ; 14 T L
tion of the point of application of the load. ) o 10| 5 a 4 i
; . 5 . Q- 8 12 67
A taper of 2 inches per 5 linear feet is assumed in Table 3 150 7 0 o = 4 51

but is used only for calculating the bending moment due to t

T?[‘%L%‘E‘?B(—)AQLL%WABLE NUMBER
oDl SARUED, BY b TGR OB RO

HAZARDS (A
(A4, B OR'0), (Res foregoing explan ﬂﬁyvﬁﬁys
Hazara 8 :
pan j =
Teet | Number of wires 4o

be carri
ing ground-line eircll';lré:le‘fierzgcamﬁ? Han

——
2 in, o
A 10 in 34én.{36 in.(s .40 b0, 142 10,124 12135 122
* 5 .
50 2 : [ & Gl 15 %g 6 | 18
patbe P e N 200 e gl Sja g | (1
i = SRR 4 5 5 6 - lg
1 T
= £ O B I T T v e e P
o % | sl p W as e | gy | 25 B0

19

Buys of various stren : :

e ey gths with

e rS Sf;f a}re::age Pan 1s given in Table 39 for su ;’arll_o Sl
: gn.a lines of grades A, B, and C) e PPly lines
signal lines of grades D and E R 8acin dable 40

(or
for

TABLE 39—-ALLO'WABLE_ L%UMBER OF NO, 4 AD

BE OARRIED ON 80L
OLE COPPER T, w WI
STRENGTHS UNDER VARIoUS Uc%NDOI}TED BY SIDE iy or 'trfmoulsms

————— (% fregoins onpatiutony mofay A°D (4. B 08 0

Number of the d
esignated wi
numbers and streng;cllll.gs :fu

Hazard

Wwith so sman 5 gmun&-lin

S mwsaﬂrggs f)rder 1244-d.)
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| il

TABLE 10—-ALLOWABLE NUMBER OF NO. & (B. W. G.) PBARE IRON WIRES T BE |
E ON POLES SUPPORTED BY sipE GUYS OF VARLOUS ‘
OONDITIONS OF HAZARD (D OR E). A

STRENGTHS UNDER VARIOUS
(See foregoing explanatory note.)

Number of tha degignated wires a]lowéd with gpecified
numbers and strengths of side guys-

Hazard Span in
] | 1-10000
1-4000 | 1-6000 1-100_00\ 116000, 2-10000[ 1b. | 21
1b. 1b. Tb. 1b. | 1b. 113000 1b.
R T ISR S
5 16 24 » 41 65 ‘ [-1E
D 100 8 18 31 49 |
125 7 10 24 39
150 5 8 20 33
el SR pinec)
75 24 97 | 6l |emmemmee|memmmms
E 100 18 27 46 3
125 10 22 37 59
150 8 18 \ 7 49

The blank spaces in the above tables indicate that more than

100 wires can be carried by the size and number of guys in
_quesﬁon under the indicated conditions of hazard, and span
length, without exceeding one-half of the ultimate strength of
the guys. Where the aumber of wires carried by a pole ex-
ceeds 80, it is good practice to install some of them in cable.

4, MINIMUM POLE SIZES AND RECOMMENDED DEPTH OF

SETTINGS

(a) Minmum Poles Sizes. The dimensions of poles given in
Tables 41, 42, and 43 are those referred to in Orders 1244-c
and 1283-a and are required under the conditions of loading
specified by those orders. The dimensions are givén for chest-

nut, western white cedar, red cedar, western cedar, Idaho ce-

dar, and eastern or northern white cedar poles. Where other

poles than these are used the dimensions required for any.
given grade of construction should be taken the same as poles.

having an equal ultimate fiber strength.

82§35

B
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TABLE 41—MINIMUM
= DI-ME i
Sizes specifled in &‘S&g%man%msmgw POLES -

Minimum Circumference of Poles*

For grade D
Sinnl wiee
b na es i
Lan%gh ]%.; tPole withr ﬁ%ﬁgathnén - <E’§f e;rizda i) F;J(gtgrﬁ?)‘;g tnﬁa?%
?Diéﬁﬁggms with_moreetEhfm signal wires (order
WL dﬂg 2 40 signal wires gradeEZ)E' =
s (order 1283a), | more th Ty
nbly e 1] and for grades | nal wi o
c) B and O supply TZIS?S SRR
lines (order 8
1244¢)
Circum{ference Cireumference Circumference
om ’
- butt butt Lk E):{?trg
: . Tn. In. J Tn. In. In.
@ gi 33 22 30
i & o £2 33 % 4
o - ) 24 43 o 5 o 5
. & 22 40 %
45 22 43 g 2(6)
24 48
22
e 22 % P 46
= o 57 22 56 2 i
/ 60 22 50
22 . 63
32 66 2% gg
= o 22 70 22 69
= 2 73 22 72
22 76 22 i

*These pole di
respectively, of ?il%m‘mm! correspond to specificati
: e
Telegraph Co., and ggﬁ‘?ﬂ’gﬁﬁ*’&?ﬂg&}gﬁ é;g%?:tif)?: %ﬁgﬁ‘gﬁn}aﬁd O poles,
’ aph Co. ! ephone and
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TABLE 42—MINIMUM DIMENSIONS OF WESTERN WHITE OEDAR, RED OEDAR,
WESTERN CEDAR AND IDAHO CEDAR POLES
Sizes specifled In Orders 1244-¢ and 1283-a.

BELECTRICAL CODE—-APPENDICES PART 32 165

TABLE 43—MINTMUM DIME:
NSIONS OF EAST :
% : i ERN OR NORTHERN WHITE OEDAR
& specifled In Orders 124¢ and 1283-a

Length of Pole
in Teet

—\'———____-____
Minlmum Oircumferenca of Poles*
For grade D
| with 31 to 40 |
e oL signal wires For grade D, with

" with more than |
40 slgnal wireg |
(order 1283a)
and for Grads A |
Supply lines |

(order 1283a),
for grade &,
Wwith more than
40 signal wires
(order 1283a),

Dot more than 20

F
Minimum Oireumference of Poles®
For grade D
with 21 to 40 y
pignal wires For grade D, with
For grade D. (order 1283a), not more than 20
Length of Pole with more than for grade I&, |signal wires (order
in Teet 40 signal wires with more than | 1283a), and for
(order 1283a) 40 signal wires |grade L with not
and for Grade A (order 1283a), | more than 40 sig-
supply lines und for grades | nal wires order
(order 1244c) B and O supply 1283a)
lines (order
1244¢)
Circumference Circumference Circumference
At 6 ft. At 6 ft. At 6 ft.
At top from | At top | from | At top from
butt butt butt
In, In. In. In. In. In,
2 e 28 30 26 28 23 26
25 28 34 25 81 22 28
80 o 23 ar 25 34 22 30
35 28 40 256 36 22 32
40 28 43 25 38 2% 34
45 e 28 45 75 40 22 36
50 28 47 25 42 22 38
56 28 49 25 44 22 40
60 2 [} 25 46 22 41
65 _-- 28 54 25 48 22 43

*These pole dimensions correspond to specifications for Olass A, B and g poles,
respectively, of the National Electric Light Association, American Telephone and
Telegraph Co., and Western Union Telegraph Co.

3 and
(order 1244c) | B anéo(l_:: %5;%?; e ?il.é‘gg o
| Ines (order
I 1244c)
S R B A= E
—Tﬂ‘"’ﬁ_ | Oircumference Circumferenca
AL G gt | CAvade, | e
At top Ef)ll':%? | At top | from At top Air?)rfuh
‘ butt butt
In In. | i
0 : n. In, In. / In. In
wad o -
= = % [ . 22 20 | 1875 27
35 5 b 22 32 18,75 30
o 2 0 | 2 8 181
: s 22 43 T i
: 2 50 | o ar 18.75
g s k|2 2| BB 8
24 B % s B8
*These pole dime i : I ‘ =
respeetivel s O'S, nsions eorrespong to g
pective OO-.f uﬁ‘é’ vlgatmnal e Ljé’ﬁf"ﬁf"“s for Class A, B ang O poles,

estern Union Telograph ‘Gg. " 10 Americdn” Telephons agg
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(b) Recommended Depth of Setting of Poles. e

The values given in Table 44 are those recommende tr:;si e
depths to which poles should be set under ordinary s 1e§ s
line conditions in firm soil or rocks. On 'corners 01.;) angt =
heavy dead ends these values should be increased by a

6 inches. (See Orders 1217-d and 1283-a.)

! O ER 1283-A
TABLE 44—RECOMMENDED DEPTH OF SETTING OF POLES, ORD

TABLE 45—DEPRECIATION OF WOOD POLES

ELECTRICAL CODE-—APPENDICES PART 2 167

‘*—-—_*—_______

Ground-line circumference when
installed

e
Minimum depreciated
ground-line eireum-
ference for

Maximum allowable
Tadial depreciation

Grades
A and B | Grade ¢

In. In.
in Soil Setting in Rock ¥ L 1979
[+]} . i
Length of Pole in Feot Setting In i 20 20.6
7 ; :
Feet:
8 9.8 23.0
20 . 5 S 26.2 23.8
25 - b.5 g 2 26
%0 .- - g 2.5 33 il (153 2.8 26.2
& R % 4.5 3. 20.7 27.0
7 X 1 5 e 80.6 27.8
55 7 15 = > o & 20
% = 5. 2 38 L 33.2 30.2
i -4 6.5 89 84.1 31.0
5 10 34,9 31.8
: T
. 43 ] 878 ] 341
5. DEPRECIATION OF WOOD POLES s Be |
> g e
1 9% ; nite grade of 46 40.2 36,5
Where a pole is required to conform to a'deﬁ 2 i e
ion. A. B. or C, it must be maintained by being re- 41.9 3.1
consitietipn L r i nl o ith Order 1244-b, The 28 | w9
d reinforced in accordance wi a3y 3907
placed or rr des A and B con- 44.6 40.5
: llowable depreciation for gra 45.4 418
o 3 d of the initial strength, and for grade C 46.3 4.1
o e i e ini )

struction is one-third o ! e 7.2 2.9

5 e minimuim
is one-half of the initial strength. Table 45 gives _t.he alload 8.1 8.7
: d-line circumference and maximum g 49.8 5.3
depreciated groun 4 poles of initial ground-ling 507 46.0
able radial depreciation for wood po _351 tve  These valich ap 5.8
; sive. 2 '8
circumference from 24 to 75 inches, inc u1 3 84
: ole. : .
are independent of the material of the p o2 9.2
; i re- 55.9 50.8
s 5 e kinds of poles mthout D k 56.8 2
Note: It is not advisable to use som 5rr Be
gervative butt treatment. gg:i 22:3
60.8 54.8
6.2 55.6
62.0 56.4
62.9 57.2
63.8 53.0
61.7 59,7
€5.5 59.5

for
Grades
A and B | Grade O

In. In,
0.48 0.79
.50 B2
62 .85
B4 .89
.56 .52
.58 .95
.60 .09
.62 1.02
.64 1.05
.66 1.08
.68 1.12
70 1.15
.72 1,18
74 1.21
.76 1.25
.8 1.28
.81 1.81
.82 1.8
.85 1.88
87 1.41
.88 1.44
01 1.48
92 1.51
.95 1,54
07 1.58
.99 1.61
1.01 1.64
1.08 1.67
1.05 1.7
107 1.7
1.09 L7
1.11 1.80
1.13 1.84
1.15 1.87
1.17 1.90
1.19 1.94
1.21 1.97
1.23 2.00
1.25 2.03
1.27 2.07
1.29 2.10
1.31 2.13
1.33 2.17
1.85 2.20
1.37 2.28
1.39 2.28
1.41 2.30
1.43 2.33
1.45 2.80
1.47 2.40
1.49 2.43
1.51 2.48

—
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PART 3.

Electrical Utilization Equipment,
Page
Section 130. Scope of Orders.

Order 1300. Equipment Accessible to Other than Qualified
Persons e . 170
Order 1301. Equipment Accessible to Qualified Persons Only.... 170
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PART 3.

Electrical Utilization Equipment.

SECTION 130. SCOPE OF ORDERS

Order 1300. Equiprﬂent Accessible to Other Than Qualified
Persons.

i i i ly to

The following orders, Sections 130—139?, mclusnlr:; z;gpagové

all electrical utilization equipment, operating at‘ vc; agre il

25 volts, except where other voltage l1m1tat10.n : i

here a,ccessible to other than qualified electrica opeh . 15,

e . ‘ e

ws in mills, factories, mercantile establishments, oreSi,

a i . . - . es e
theaters, and other public buildings, apartment houses,

3

. i i radio

de;;;s;ti?n' Signal equipment connected to s1g1;la,1 1111:1;33 and
: i t from Section Z

i aratus is exempted, excep . e

Sig;;ﬂ-zlel.n = (aa];;pln all wiring special attention shguld lzen?z.ﬁn;o o
oLe: :
i Careful and nea

i execution of the work. _ S
mect]:‘l:m(;a(;lidering taping of conductors, and securing arvldn:tta.(;nd gMe
Eifirigg’ are specially conducive to security and efficiency,

: dvised. _ ST
Str?nngllslrl alaying out an installation, except for constarft c;;l;iibutis;n
t (s) every reasonable effort should be made_to se.cutlsefuses P
er::térs ‘oeated in easily accessible places, at which polllncﬁcuits, e
E?ea.kera; and switches controlling the severa:} ‘nraI'lIf:he i

, i f operation. 1
r convenience and safety o S
E?O?eTJE evenly as possible among the branches, and all comp
ivil

gsary wiring avoided. . ) o
3«!1? ;lr'lll‘llfgeuse yof wire-ways for rendering concealed wiring p
c

i ssible con-
nently accessible as recommended; and this method of acce

i i ral use.
ruction ig advised for gener . : i
Cealedh?;réi; are urged when drawing plang and spe.mf?lca,tmfl;s; tzlectric
Al'c 'zm for the channeling and pocketing of .bul.ldmgs e
F‘r‘;lvtls(lm power wires and also for telephone, district me
1g

r signaling system wiring. '
g};'l:ler 5301. Equipment Accessible to Quahﬁedlf’e:so:;egllilr}lrg.
Tlectrical utilization equipment, however, as -WE'.I a ; eg e
ipment, if inclosed in a separate room OT inclosu: -
?r(lluclzgarge ’of a qualified person and which is accessible only

such persons, may be imsta

tion
does not come under these orders. (See also Order 1101, Sectio
110, Part 1.)

lled in conformity with the orders
p » .
applying to Electrical Supply Stations (Part 1) and in that cas

ELECTRICAL CODE—ORDER 1310 171

SECTION 131. GENERAL PROTECTIVE ARRANGEMENTS
Order 1310. Guarding Live Parts.
(a) Equipment.

(1) All ungrounded current-carrying parts of equipment oper-
ating at voltages higher than 100 volts to ground, shall be suit-
ably guarded, if elevated less than 8 feet above floor or platform,
or if exposed to contact above that level.

Exception: In locations where there are no exposed grounded sur-

faces within reach of persons when touching the parts under consider-
ation and where none of the conditions listed as hazardous in Order

1312 exist, such parts operating at voltages less than 150 volts to
ground are exempted from this order.

Note: See Orders 1100-1199 and Order 1354-a—1 for equipment lo-
cated in inclosure acecessible to qualified persons only,

(2) Where guards must at times be opened, thereby expos-
ing live parts, they shall be of insulating material or so
arranged that they cannot readily make contact with live
parts while being removed. ‘

(3) Where persons must at times enter inclosures while
parts are alive the guards shall be of insulating material un-
less removed 4 feet horizontally from all live parts.

(4) Under the conditions of (2) and (3) above, insulating
mats or platforms shall be provided in locations having grounded
floors.

Note: Switches and fuses, except on switchboards, must be inclosed
at any elevation. (See also orders 1350-h and 1351-d.)

(b) Conductors. (For wires in Elevator Shafts
Code Order 442) (See also Order 1357-¢.)

(1) All conductors, not included in (2), (3) and (4) below,
when brought closer to floor or platform than 8 feet, or when
exposed to mechanical injury above that level, shall be
guarded by inclosure in conduit, armored cable or metal race-
ways. (See also Section 133.) '

Exception:

see Elevator

(1) At small platforms erected subsequent to the instal-
lation of the wiring or where metallic conduit, armored cable or metal
raceways are subject to rapid deterioration from excessive dampness
or other causes, open wiring may be inclosed by substantial wooden
boxing, with an air space of one inch around the wires, Where box-
ing is used on vertical wires for part of the distance only, top of box-
ing shall be closed, and wires shall pass through holes bushed with
approved non-absorptive, non-combustible insulating material,

(2) Trolley conductors and lightning arrester ground conductors are

- exempted from this order.
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(2) All conductors in schools, theaters, assen:iblcjlr bhaliI::
hotels, hospitals and public garages shall b; gulz;.{e eor ;:_etal
closure in rigid or flexible conc.imt, armored ca133)
raceways. (See also Order 1357-i—2 and Section - ‘;1 o

Exception: Wiring for lighting purposes, exc]e;pt lggfral; egconstmc‘
ground conductors, in schools and ass:mzlgniiuit;n._

Pl ?If‘h?ligfﬁ:ieiigk%ootzl: n;eﬁtﬁe: assembly halls as including

NO’M_%: i 5 or parts of buildings not included under the.aters whez.'e
ﬁ}lo boli'ﬂx(ill:)lzf per:ons assemble for entertainment, instruction, worship

ini oses, g
H ((Zi;nirgpupblgf garage is defined by the Code to include every building

which accommodates more than two motor-driv.en vehicles. 5, .

(3) Conductors operating at vo‘ltages h1g}_1er tha(riz ?)t i:oau
to ground shall be guarded by inclosure in (1:1::;:5171;1),
buildings and at all elevations. (See also Order -1 )

(4) Bus-bars and other open bare ungrounded cog uch(i)Ch
operating at voltages higher than 100 volts to grou; 1,1 ':)ve =
are elevated less than 8 feet above floor or platform,ls ad o
closed by permanent guards. (See also Order 1310-a-1 an

1358-b.)

c) Separation and Barriers. :
I(Sare parts at different potentials shall be eﬁecu;lrely separattegi.
in circuits o: i - which are opera
h parts in circuits of large capac1t).z or w 1
Stu :nori): than 300 volts shall, unless provided with ;he 1.n;105u'1;eb(;;
i i be provided with suita
her guard specified in (a) above, : suita
E;r:ergs if otkll)erwise they would be liable to be short-circuited

by tools or other conducting objects.

-Order 1311. Working Space About Electrical Equipment.

(a) Genmeral. Suitable working space shall be provided and

maintained about all electrical utilization e-qmpment. -
(b) Minimum Dimensions. ’I‘hef \la\lrorkmg spaces shall hav
inimum horizontal dimensions as follows: .
= (1) Equipment, operating abov-e 150 volts todgrout:;do:lf t%::
~ne side of working space, and no live or grounded par (
sther, 2.5 feet; if on both sides, 4 feet. o
(2) Equipment, operating below 150 volts to ground, ,

.ne side of working space and no live or grounded parts on

+he other, 1.5 feet; if on both sides, 2.5 feet.
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(¢) 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 & feet vertically and 5 feet horizontally in any
location where persons may easily touwch 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 Inflammables 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 fittings and
outlets shall be electrically and mechanically continuous with the
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 forth in Section
103 of Introductory Part is required for electrical utilization
installations as follows:

(a) Direct-Current Systewms.

(1) Three-wire direct-current systems operating at voltages
less than 300 volts to ground shall always be grounded.

(2) Two-wire direct-current systems operating at voltages
less than 300 volts to ground shall be grounded when the system
is exposed to crosses from high-voltage lines.

(b) Alternating-Current Systems.

(1) All secondary distribution systems operating at voltages
less than 750 volts to ground shall be grounded.

Exception: HKlectrical furnace circuits are exempted from ground-
ing requirements.

(2) Secondary distribution systems supplying lighting service
shall be grounded at each service entrance. (See also Order
1031-b.)

Note: A common ground for the circuit and service conduit will be
permitted, if ground connection is made to water piping on street side
of the water meter. (See also Order 1033.)

(¢) Noncurrent-Carrying Metal Parts.
All exposed noncurrent-carrying metal parts of equipment
operating at voltages above 100 volts to ground shall be bonded

together and permanently and effectively grounded.
Exceptions: ‘Grounding is not required for the following equipment:
(1) All equipment in locations where there are no exposed grounded
surfaces within the reach of persons when touching the parts under
consideration and where none of the conditions listed as hazardous
in Order 1312 exist, and provided the voltage at which the equipment
operates is less than 150 volts to ground.
(2) All equipment accessible only to qualified persons, provided it is

effectively insulated from ground, provided insulating mats, platforms

or floors are present, on which qualified persons may stand, and pro-

vided there are no exposed grounded surfaces within reach of said
qualified persons, at such times ag said qualified persons may be in

contact with any live part.
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3. + . 7 =.k :
ati(niu’) C{':ases of toy and bell-ringing transformers, cases of meters oper-
g at less than 750 volts to ground, portable lamps and household

appl!ances such as t()aStETE, peIC()Ia.tt)IS, vacuum Cleanels, etc. cagses
il

boards and other apparatus,

craljloetse: CE(TE) Thé's order bincludes all such parts ag frames of motors
g » and switchboards, cases of transformers i '
: . and sw
conduits, external metal parts of lighting fixtures, ete. i
g ;1? 'il"he perma:nent grounding of frames of portable devices (espe-
L Y In connection with voltages above 100 to ground, when the de-

Order 1314, Identification,

All electrical utilization equipment shall be suitably ‘marked

t'o indicate, the voltage, capacity, intended use and other essen-
tials for safe operation.

SECTIDI: 132, SERVICE ENTRANCE——ING‘LUDING SWITCH
USES, METER. CHARACTER OF SERVICE AND ’
: PROTECTIVE DEVICES

Order 1320, i .
e 13711\'f§u1t1p1e Services, (For Theater Services see

(a) Separate Service to Each Buildj 1di
ing. FEach
have a separate service, 4o et building, shail

Exception: When this is impossible or impracticable, or in the case

of buildings of private plants not o il i
2 N opposite sides of
may be interconnected with yard wires, i hi'ghway o

Note: Industrial Lighting Code also calls for two services for fac-

.tories, mills, offices and other work places.

(b) More than One Service to Building. Where two services

enter th o i
ihior ¢ same building, they shall be within three feet of each

Exception: Where this 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. i :
((1)) Service wires shall be so placed that moisture canno
s connection between them. _
{OI;(I;)aSC;:\?ice wires shall be kept clear of awnings, branches
other objects. _ e
4 (g;ei;\f;;e service wires are attached to bulldmg they shall
be supported by insulators of proper type for outside use.

5 i i 1 )
i ltage vice Wires (above 250“ volts
Note: Where extra hlgh volt ge ger
ter a building the orders for Sta.tl()ﬂ_ 8 (Part I) and Lines (I Eu‘f: II)
en )

ghall be complied with. (See also order 1325.)

b) Entrance Wires.

El; Service wires, operating at less ‘Ehan 750 vo;lts,t s};all 0]1:
enclosed in continuous rigid metal conduit from the first supp

ildi i i fuses.
on the outside of the building to the main _sw1t1chi a::;dthe e
tion: Where service can be brought c'hrect g nd AR e
thEif:,fn sel:vice cabinet, porcelain tubes slanting upward to
e ’

be tsed. : J :
maE'Z)eC(induit fittings equipped with non-combustible, non

i ire,
absorptive insulating covers, with separate h(?le cior e;;:: v&; o
slanting upward to the inside, shall be provided at P
trance of service wires. |
o (e:’:l) Entrance wires shall be so arranged as to prevent the
ilding.
entrance of water to the bui : : '
(¢) Insulating Covering of Wires. Service w1r;:ls, o;t)e.rz,:ré%
the first support on the outsi :
at less than 750 volts, between _ e
ildi i ice cabinet shall have a ru
the building and the main service ' e
sulating cover ; from the first support on the outside o§ Fh:u‘?;jing
ing to the supply line, they shall have a weatherproof in

covering, except when run in conduit.

. i d

Order 1322. Construction Requirements for Undergroun

Service Wires. : . "

(a) Protection of Service Wires. Ul}derground ere}iazi:al

be insulated and protected against mmstur; aﬁd :;1;:1:3 o
j i building, and all ¢

injury where brought into a ' - all

m;.tgial shall be kept from the immediate vicinity.

(b) Sealing Service Tubes Against Gas. th;:e tai; etsmscli]earﬁ
ground service enters a building through tubes, the tu
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be tightly closed at outlets
conductor, to prevent
through such channels,

; Note: Where extra high voltage service Wwires
enter a building, the orders for
with., (See also order 1325.)

with asphaltum or other non-
gases from entering the building

(above 2500 volts)
Stations (Part I) shall be complied

Order 1323,

Connection to Street Series Circuits and Trolley
Systems.

(a) Constant-Current S Ystems.  Constant-current systems
shall not be run into buildings to stupply utilization equipment,

(b) Trolley S Ystems. Trolley circuits having a ground return
shall not be run into buildings to supply utilization equipment

Exception: (1) Railway cars, car houses, passenger and freight
stations connecteq with the operation of electric railway systems are
s exempted from this order,
¢ (2) Circuits for bower equipment in buildings of so-called fireproof
- construction, and for light and power equipment in isolated buildings

used in the operation of quarries and similap 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 a 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,

Exception;
are combined in a, self-contained device
such devices, having no exposed wiring or live barts and having all

(2) Yard wires of private plants supplying more than one building

10t on opposite sides of the highway are not considered as service
‘Wires, so that fuses would not be required in each building, if there

are other cut-outs, which afford Droper protection, conveniently located

on the maing,

- (3) Service switches employing a disconnecting strap,
W,

Switch blade in the grounded
12

in lieu of a
neutral conductor of three-wire services




178 INDUSTRIAL COMMISSION OF WISCONSIN

may be used, provided the service switch cabinet is locked or sealed
and inaccessible to other than gqualified persons.
Note: For theater service regquirements, see Order 1371.

(c) Single Pole Switches. Single pole switches shall not be
used as service switches.

Exception: This order does not apply to the grounded circuits of
street railway systems. ‘

Order 1325. Services of 750-2500 Volts, (See also Order
1357-1.)

(a) General. In addition to complying with the other orders of
this section in so far as they apply, service wires operating at
from 750-2500 volts shall comply with these additional re-
quirements. .

Note: Where extra high voltage service wires (above 2500 volts)
enter a building, the orders for Stations (Part 1) shall be complied
with.

(b) Entrance Wires. High-potential service wires prefer-
ably should enter the building underground, but in all cases

the service conduit shall pass directly into the cabinet or en-

closure containing the main switch and automatic protective

devices (fuses, circuit-breakers, automatic oil break switches). ;
Exception: Where the service can be brought directly into the back

of the main service cabinet, proper insulating bushings slanting up-
ward to the inside may be used.

(c) Oil Service Switch and Disconnectors.

(1) The service switch shall be of the oil immersed type and:
shall be so arranged that it can be disconnected from the sup=

ply lines by means of disconnectors or disconnecting pot-hea

(2) If the service switch is of the automatic oil immer
type no fuses or circuit-breakers need be installed on load s
of switch.

SECTION 133. CONDUIT, METAL SURFACE RACEWAYS,
ARMORED CABLE

-

(For Open Wiring and Concealed Knob and Tube Work
Order 1343.) -4

Order 1330. Installatidn of Conduit. (Rigid Metal Pip
(See also Orders 1310-b and 1342.)

(a) Minimum Size of Conduit. Conduit smaller than one-
inch electrical trade size shall not be used. !
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(b) Continui

'y Reamin and .
4 (1) Conduits shay g Supporting of Conduit,
tinuous from outlet 1 :

or cabinets,

be electricall

. will not be injured :

(d) Drainage of
: conduit shal] be pro
- condensation, unles
ed cable.

(e) Completian of Work
.(1) Interior conduj A

- Y “Eltl:lflisz S 10r dJ 1 ng:I

s the ¢
e conductors contained are lead-sheath

unti]l al] construction on

¥ t]lat pc: thﬂ Cf the huj“tdlllg has b&Ell CCIHFIEtEd‘

(f) Condust Fittings.
(1) All conduits shall be

Practicable to instal]

shall be covered by a proper co e
. Order 1346-1.) i
posed ends of conduit e

€S pass from the conduit sy

The box or plate

, :_xture Ca,nopy_ S

where Wir

on substantially equiva-
or outlet box, etc.
for Concealed v, ork.

or (:Ollcealed WOI]{ ]'Il WaHS alld Celhngs CO111posed Of
on WOOdeﬂ lCllSl‘I or Stud (:()llStIu(!tlt)Il UI'.II: et ])()Xe or
i ]
] S

(g) Placip
- g Oullet.
() F iy

Ster
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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 Boxes. Cabinets

and junction boxes shall always be installed in such a man-
(See also Order 1353.) )

(See also Order 1342.)

Metal conduits where

ner as to be accessible.

Order 1331. Capacity of Conduits.

(a) Number of Wires Permitted. Wires installed in conduits

shall conform to Tables 1 and 2.
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TABLE 1

Number of Conduetorg Permitted in opg Conduit
1
2 3 4 b [} by 8 9
M

Bize of Conductor A
of Cireular A"~

Inimum Size of Conduit in Incheg (Electrical

P e ) Trade Size)

e AR %( RS
b R R SR O S
e ] ‘}i 1% % 1 1 14| 134 I{é
= 214 L Lo 3| 1| g2/ 1
: 2L Ml a1y i) L Sl
= 7| ﬁéf ﬂ’% Lg| 2% ¢ 5 5
i £ He| g Mgl g | B RN
i: Sl ) %) 2 (5 |2, | 2| 2%
- 2%
2000?3:(%:3::: ily AR B é% |k B
A ¢. m, . 5 :
%25.000 ¢, m, llé 5 gfg g% g : i g:;é fﬁ
ag'?.% €. m, 1 | % | 2| s : AR
350,000 o 10" 11’;% 51,’2 74 8 2 g;"% 33;2 e
s ARARRE AR TR CRnE TS
500,000 o: 2 11’(* g 3|8 ¢ 1 & 5% 2
B50 000 & I 11/é 3 5 | & 4 : i ¢ 0
o0 g m. 2]’é g e i 5% : [ ] 0
700,000 ¢, . o L ' ﬂ
750,000 ¢. m. AR AETEaE L
800'000 €. m. 2 7 542 i A 8 : ¢ :
850,000 o, BN TEuE E AR RN =
900,000 ¢, o SRR (A A=
IOOO. C. In. o i 5 & o
fen s £ i . |
1,100,000 ¢, m, 5 i i : ] o -
1,200,000 ¢, . wg | 4 7 g ¢ :
%.250,000 c. m, oty | 4tk v il g
1.4333,000 C. m. oi7 | H F5L S e s e
1+400,000 0. ! el i | E e s
1'600'000 €. m, M| e g
1,600,000 ¢. m! | d4lc e
e PlEE
2 s » IO,
1,800,000 ¢, o’ 2lE (¢t e
1,900,000 0. ! il icae
2,000,000 @, m, g g e
R e e o s

the conduit
18 not longer than 3¢ feet, and has not m
ore than the

equivalent of two
quarter be:
outlets not being eountoq, nds from outlet to outlet, the bends at the
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TABLE 2

ize of Condult
glectrieai Trada

Sizes of Wires—A. W. G. Sige—Inches

- %
Timaas 3
14 and one No. .
m’» 12 and one No. g St 1
two 10 and one No. BTy L
two a and one No. e ;
two 6 and one No. i = i
two b and one No. S = i
two 4 and one No. o 1%
two 3 and one No. o i
two - ¢ and oneNo. G ---om :
two 1 and one No. zﬁommu = t
two 0 and one s s
two 00 and one 400,000 o ;
two 000 and ona e i
two 0000 and one SR e :
two 250,000 and one SOOlOOO e :
two 800,000 and one Bl 3
two 400,000 and one 1, e ; :
two 500,000 and one 1,250,000 ¢. 1. _ i
o so00 mmg on Ll & e
gg ggg:mn and one 2,000,000 ¢. m.

s e TE S B

(0] Y i t a

Note: These t ¥ plete conduit sys ems and do

o &bles a@pl 011]. to com :

not ap‘l to short lengths of conduit for the pro)tectmn of exposed
ply i o

wiring from mechanical injury. (See also App. C

(b) Number of Circuits Permitted. ]j:xcep.t in ;1:::1 csziﬁzi
kets, border circuits, and outside .51gns el
S-tage_POC h ’ me conduit shall not contain more than i
hghtm'g’ E)ret'iiee three-wire circuits of the same system, an
z:agi‘:t::er contain circuits of different systems.

ibl
Order 1332. Installation of Armored Cables and Flexible
Conduit. (See also Order 1342.) . .
Compliance with Other Orders. Instrf,lla‘uon o gl
1(:11')5 a(rjld ﬂez.cible conduit shall comply with the i;t:e i
ca'rzments for conduits in so far as they apply and to
qui
tional requirements: e
. b) Damp Locations. In damp plac?es or when 121316;11 zov-
(t armored cable or flexible conduit shall .have lead o8
= eg’ placed between the outer braid of the wires an
erin
armor.

c) Bends. L T
or (ﬂgxible conduit will not be injured.

also
Order 1333. Installation of Surface Metal Raceways. (See

Order 1342.)

(a) Location. :
face wiring in dry locations.

e e S

All bends shall be so made that armored cable

Metal raceways may be used only for sur-
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(b) Continuity. 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: This will serve as an additional mechanical protection and
exclude the presence of moisture often prevalent in such locations.
Exception: Where the mechanical strength of the raceway itself is
adequate this ruling may be modified to require the protecting piping

from the ceiling below to a point at least three inches above the floor-
ing. -

(2) Where metal raceways pass through a partition, they

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 ig 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.

(e) 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 PROTECTION OF WIRES
FOR LIGHTING AND POWER SERVICE BELOW 750 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) Awvoidance 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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wh
en No.8 A. W. G. or larger they shal] be soldered into lugs

i T 1 tEI lnlllal CDIII]eCthIlS eXcept W I]E €

186

() Rheostat Connections,

1 : .
(1) Wherever Insulated wire is ysed for connections be

tw i
: eenhresmtors and the contact device of 3 rheostat, the insul
on shall be non-combustible or slow—burning , =

Order 1341,

e Carrying Capacities of Wires and Sizes of Wires

(a) General Taple,
:The foHo‘Wing table (Table 3),
rying capacity of copper wires and cables of ninety-

cent conductivity, accord;

: ity, ng to the standard ad
f&menc.an Institute of Electrical Engineers e
n placing wires:
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but in no case shall the ¢

apacity be less than 110

Column B 1 current rati €r cent of t
Oolumn A | Varnished | Column O : ating of the motor, Where the bran hp‘ it
A, W. G Digmeter Aren In Rubber Oloth Other | tected by fuses th - C circuit is pro-
Number of Solid Wire Oiqﬁfar Insulation | Insulation | Tnsulation h ! » the rated Capacity of the fuses sh 11
i1 : St St O AIIDETeR the Carrying capacity of the conductors as given ‘IfL bant s
at 2 1 Ven in Table
= ‘ : the CaITying capacities of Column C, Tapi 3 e
508 3588 a e | Ped to rubber covered wire used to sopen oo MY be ap-
64. 4,107 PRI T 20 g ve m
13?'% 13:% gﬁ o large starting current, otors of a type of
128.5 16,510 e 50 ] (2) Conductor
162.0 2,200 50 &0 0 motor runmi S 1n that part of the circuit leading from th
504.5 710 5 = g : unning fuses or circuit breaker to th = SR
229.4 52,630 80 95 100 sidered as being jne] ; € motor, are con-
257.6 66,370 90 110 1%5. Tttt g included in the protection afforded by such
5250 100,500 12 1 30 de ng overload protective device, even thouph suyh i
g0t 1as,100 150 180 225 vice be shunted or cut oyt f gh such protective
¢ 200,000 200 510 3o The minj Ot cireuit during the startin
%{11’,888 225 210 25 Sl mum size of the conductors in this portion of thg Ryiac
s 250
_____ 00,000 o 80 i0o ofa' » therefore, he determined from Table 3, applyi of the circuit
) n
%% % % % nsulation ysed and in accordance with the r:ﬁy e ttiis kind
600,000 450 840 © 680 B cetngof the cirenit breaker provided f ol
700,000 500 600 160 - load protection of €d for the running over-
2 500,00 00 i 020 d of the motor. except that in ng
}’%:% 0 ® 102 - conductors have a capacity less than 110 case shall such
i 1,200,000 730 a8 17150 rating, Per cent of the motor
e DR e (3) Cond
- 200, s 1
---------- pae | om0 pm | ne | size suffcient tg sqper .8, BTOUP Of motors shal be of
_____ e, 1:700:%)3 230 1,120 1.:49" | e ent to carry the total load imposed upon th ot a
iﬂ:%:% o 110 000 g ductors. shall not be fused greater than 110 pe o
it = L e €4 cartyang capacity of the wires as given i pr;- c3e i
! ‘ n lable 3 above,

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 sizes in these rules are specified it sghall bg
understood that copper wire is referred to. If wire of other material is
used, it shall have a carrying capacity equivalent to copper of the
size specified.

for motors oberating under nor-

and Operating conditiong,

applieg only to the branch circuits up to the motor

Protective device,

(c) Alternating Current Motor Circuits. (See also Table 3 tonductors shall not be fused greate tiOSEd o o e
above and Order 1352-a.) X - €apacity of the wires as given in Tab!::- 3 a; 0e mated carrying
(1) Conductors supplying current to one motor shall be of (e) Trolley Wipes. Trolley or coll : o.ve. ;
sufficient size to safely carry the starting current of the moto TUnway wires shall pe | o on s 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 or single
phase alternating-current systems the neutral shall be of suffi-
cient capacity to carry the maximum current to which it may
be subjected.

(g) Fixture Wire. Fixture wires shall not be smaller than
No. 18 A. W. G. (See also Order 1346 and 1360-a).

(h) Flexible Cords. Each conductor shall not be less than
No. 18 A. W. G. (See also Order 1346).

Order 1342. Wiring in Conduit Raceways and Armored Cable.

(For service entrances see Orders 1320 to 1325 inclusive.)

(See also Order 1310-b.)

(a) Conduit Wiring. (See also Orders 1330, 1331 »ad 1357-g.)

(1) For conduit work wires shall have rubb.y insulating
coverings, for all purposes, except that where excessive
temperatures are present slow-burning insulaton shall be used.

Exception: Varnished cloth ingulation may be used In permanently
dry locations for wires of No. 6 A, ' W. G. or larger.

(2) Within conduit wires shall be without splices or taps.

(3) For conduit work, wires shall be double-braided for
twin, twisted pair or multiple-conductor cables and for all
single wires of No. 6 A, W. G. and larger.

(4) Where conduit is used to protect wires on or passing
through side walls, the insulation of each wire shall be rein-
forced by approved flexible tubing extending from the insula-
tor next below the conduit to insulator next above the conduit,
unless the conduit is installed in accordance with Orders 1330
and 1331 and the wire is approved for conduit use. (See also
Order 1343-i and 1.) :

(b) Support of Vertical Conduit Wiring.

(1) Wires in vertical conduit risers shall be supported with-

in the conduit system in accordance with the following:
No. 14-A. W. G, to 0-A. W. G. inclusive every 100 feet.

No. 00-A. W. G. to 0000-A. W. G. inclusive, every 80 feet.

Above 0000-A. W. G. to 350,000-C M. inclusive, every 60 feet.
Above 350,000-C. M. to 500,000-C. M. inclusive, every 50 feet.
Above 500,000-C. M. to 750,000-C, M. inclusive, every 40 feet.
Above 750,000-C. M. every 35 feet.

slow-burning weath
Insulating coverings

-
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(2) Any of the followin
I Approved clamping devi
wedges inserted in the ends of conduits

IT. i |
o rgul::iitlgn. boxes with covers inserted in the conduit system at
quired intervals, in which insulating supports of approved tySe

are installed and secured in g i
satisfactor
the weight of the wires attached thereto, O L° Withstand

III. Junetion boxes with covers

g methods of support shall be used ;

ces constructed of or employing insulating

]ar(C) PhVM‘es Entering Cabinets. Wires of e, 28A. W e o
ger s all‘ x}ot be deflected where they enter or Iea\'re 'b" .
éxcept in wiring gutters. (See also Order 1353 ) | e

(d) § urface-Wiring Metal-Raceways :

(1) Wires shall have rubber insul
Ieas.t one braid for wires smaller than
braids fo1: wires No. 6 A. W. G. and larger and for twin wi

(2) Wires shall be in continuous le G

el T : . ngths from outlet to out-
s o fitt joi i
il g tting with no joints or taps in the race-

J '( See also Order 1333.)
ating coverings, with at

No.6 A. W. G. and two

(3) Where branch t in wiri
proper ﬁttings for the ;Ejpz:; E}T;TISE:; };sl:dwmng Bl
(4) Wires shall never be '
Io::atiqns, in concealed locati
tential between an
volts,

placed in metal raceways in damp
tions, or where the difference of po-
Y two wires in the same system is over 300

(e) Armored Cable (ot
: . ee also Ord
Wires shall have rubb rder 1332,)

quirements for rubber-
types, and construction

er mnsulating covering meeting fhe re-
covered wires or cords of the specified

o 2
rdei-;-v :;31:3. ( I‘(E)peré Wiring and Concealed Knob and Tube
Vork. or Crane Collector Wir
Trolley Wires see Order 1345.) o o

(a) Insulation of Wires.

(1) Wires for open work in dry places shall have rubber

erproof, varnished cloth or slow-burning
. When especially subject to acid fumes:
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-or corrosive vapors, either 'sldw—burnit.lg Weatheré)roq::idvar—
nli.shed cloth or rubber insulating coverings shlall eShlz 3 k.lave
(2) Wires for concealed work or in damp p acfzsdf s 2
rubber insulating covering which shall be double braided fo
.6 A. W. G. and larger. s -
No(b) Wires in Plaster, etc. Wires shall not be laid directly in
imi ials.
ter, cement or similar materia -
pla(r’;; Wires in Attic. Wires in unfinished attics or n?o_f tspaces
shall not be run on knobs or cleats on upper edges of joists.
res i Work. 4
d) Support of Wires in Open - S
((1)) Wifi'is shall be rigidly supgorted on non cogl:;se; i
non-absorptive insulators, which will se.parate wires A
other and from the surface wired over in accordance w
following table:
;r—_—,jﬁ—m

Voltage Distance From Surface
inch oY%, inches
In dry places. i ta%
&% In damp places or where subj v S iiah 2% in
coTrosive vapors e | T 4 ches
300-750 | - |

(2) Where wiring over flat surfaces, wires sha%l be supl;_ml:lt—
d at least every four and one-half feet. If the wires are ;:L rt(i
:o be disturbed, the distance between supports S:‘lailll l:;aasinso j
ildi i d similar construction,
ened. In buildings of mill an - e
here not liable to be dis 9
not less than No. 8 A. W. G, w Sagatent
ix inches and supported at
be separated about six inc .
rb;‘leax"yonly but the maximum span shall not exceed 8 feetket -
(3) V\:’ires for open work dead-ended at a rosette, soc

-

ithin twelve inches of the
receptacle shall have a support within :

T i i where
(4) Wires crossing overhead floor timbers in rooms

they may be exposed to injury, shall be attacheg bysil;lie;r 1:1;;
ide of a wooden
i upports to the under si : A : e
f:s}:t‘xinso:g—half inch in thickness, and six inches in widt

i ot less
Note: Instead of such wooden strips, guard strips of wood n '

i to wire,
than seven-eighths inch thick may be used on each side close )

b not clo r than on 1ch nd ¢ SII“i ien ep (6] |I[(!V1de sllita.blB_, 4
t 5€ tha al y & £ C td h t
178

tection. N el
pm(5) In large interiors where it 15 advantageous to run

i ndi-
through space, unsupported except at ends, the following co

tions shall be observed:
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I. Wires must be elevated at least 16 feet and not subject to
mechanical injury.

II. Spans must not exceed 75 feet for No. 8 A. W. G. wire or 125
feet for No. 6 A, W. G. or larger wire.

III. 'Wires shall not be smaller than No. § A. W. G. wire.
IV. Wires shall be supported at ends by strain insulators.

(e) Support of Wires in Concealed Work.

(1) Wires for concealed work shall be rigidly supported on
non-combustible, non-absorptive insulators which are not more

than four and one-half feet apart, and which remove the wire at
least one inch from the surface wired over.

(2) Wires shall be kept at least five inches apart.

Note: It is strongly recommended that wires be run on separate
timbers.

(3) Split knobs may be used for wires of No. 10 A. W. G. and
smaller only.

(f) Tying of Wires. :

(1) Wires of No. 8 A. W. G. or larger used with solid knobs
shall be securely tied thereto with wires which have an insula-
tion of the same type as that of the wires tied.

(2) Tie wire shall be of same size as wire tied, except that
it need not exceed No. 6 A. W. G. in size.

(g) Fastening of Knobs and Cleats. Knobs or cleats, which
are arranged to grip the wire, shall be fastened by screws, or
barbed or cement coated nails with leather washers. If nails
are used, they shall penetrate the wood for a distance of at least
one-half the depth of the knob or cleat,

(h) Flexible Tubing.

(1) Wires at distributing centers, meters, switches, or other
places where space is limited and the proper separation of
wires cannot be maintained, or when fished shall be separate-
ly encased in a continuous length of flexible tubing, extending
from support to support. (See also 1-1 below).

(2) At all outlets in concealed knob-and-tube work, wires
shall be protected by approved flexible tubing, extending in

- continuous lengths from the last non-combustible non-absorp-
tive insulating support to at least one inch beyond the outlet.

(3) In the case of combination gas and electric outlets, the
tubing on the wires shall extend at least flush with the lower

end of gas caps.
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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.

(1) Wires Passing Through Walls and Floors.

(1) Wires in open work shall be separated from contact with
walls, floors, timber or partitions through which they may pass
by non-combustible, non-absorptive, insulating tubes, such as
porcelain or glass, except at outlets where approved flexible tubing
is required. (See h-2 above.) Such bushings shall be long
enough 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

s0 as to keep out dust, tape being used to build up the wires if neces-
sary.
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(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 non-
con'zbustlble insulating supports, that portion of the (;ircul;t
wh;ch‘ can not be so supported shall be installed with metal
conc?ult or armored cable, except that if the difference of po-
tential between the wires is not over 300 volts and wires 1;:1)11:
not exposeq to moisture, they may be fished when se arate
goencased in flexible tubing, extending in continuous llz:ngth;
2 :111 ;‘;iport to support, from support to outlet, or from outlet

(2) When using either conduit or armoted cable in mixed
concealed knob-and-tube work, the requirements for conduit
work or armored cable work shall be complied with as the case
may be. Proper fittings having a separate bushed hole for each
wire shall be used for terminating the conduit or arm dac
ble. (See also Order 1330-f—2.) e s

(m) Outlet Boxes or Plates and Fizture Studs Required

(1) Outlet boxes or plates shall be installed at all outIet.s in
concealed knob and tube wiring for lighting. Outlet plates
shall not be installed where it is practicable to install gutlet
boxes. The box or plate shall be covered by a proper cove
or fixture canopy. (See also Order 1346-1.) | 3

(2) Adequate supports for fi .

. xtures shall b

straight electric lighting outlets, & inspilled ot all
Note:

For ordin i
g ary size fixtures suitable fixture studs should be

.(3) At outlets for combination gas and electric fixtures gas
pipes .shall be fastened to boxes or plates so as to secure good
electrical contact. i

(4) Outlet boxes and plat :
by Order 133 0 plates shall be supported as required

gln) ?roken 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 installati i
= ylkiet ) ion shall comply with the following

(1) The complete installation and any portion thereof with

all cut-outs and safety 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 8 BIMDOTOR. . v usiinin e s s At 4,000,000 ohms
Up to 10 amperes....................... " 2,000,000 ohmsg
Up to 25 amperes.............coooommmni, 800,000 ohms
Up to 50 amperes...............ooovoiriiin’ 400,000 ohmsg
Up to 100 amperes....................ocoooo. 200,000 ohms
Up to 200 amperes..................coooiroi’ 100,000 ohms
Up to 400 amperes.............cooovemmveno.. 50,000 ohms
Up to 800 amperes..................ooomoii, 25,000 ohms
Up to 1600 amperes..................ococooo .’ 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
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each section independentl ;
5 Y and may be locat i :
Ing near track entrance, 4 ed inside of build-

: (..c) iﬁghtm'ng Arresters, Approved lightning arresters shall
he nstalled to adequately protect al] overhead trolley wires in cap
ouses and car storage yards inside of the line insulators (break-

€ars are not in yuse,
Note: Suitable gi

t( }E;) Bonding of Ra'ils. All rails shall be bonded at each joint
:;1 e a ;onductor having a carrying capacity at least equivalent
0.0-A. W, G. an_nealed copper wire, and all rails shal] be

the track,
(£) Third Rails,

(g) Control of Lamps and Stgs
; tationary Motors, AJ I
and Stationary motors shajj be installed in such a way aﬁ:ii

ing and power, ind :
e independently of cut-oyt switch called for in

(h) Wiring of 4 Pparatus, :
_(}11) All WIiring and apparatus sha]j be installed in accordance
thz the orders of the other sections of this code,
tes& .) When current fo'r lighting, stationary motors, heating,
= mg appara_tus, etc,, is from g grounded trolley circuit, the
ollowing special ryleg shall apply : ,
I Voltage for light, heat, or Power shall not, €xceed 750 voltg,

gr;ﬁu.gpé)roved cut-outs ang 8witches ghall be placed in the non-
! ed side of light ang motor circuitg they are to Drotect, Light

,000 watts, depending upon a gingle
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III. Drops to lights shall be flexible rubber covered wire or packing
house cable. g

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 inch 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 conductors shall be constructed to withstand hard
usage.

VIII. 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 portable lamps and other devices for exhibition purposes.

(b) Foltage Limit. Portable and pendant conductors, except
in electric railway property, shall not be used where the voltage

between wires is over 300 volts,

Exception: Portable cords for portable or movable motors for grind-
ing and other uses, operating between 300 and 500 volts to ground may
be used if the following construction requirements are complied with:

(1) 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 108, Introductory Part.

(3) There shall be no exposed live parts of wall receptacles, and
such receptacles shall be located at least 5 feet above the floor. Floor
receptacles shall not be used.

(4) Wall receptacles shall be of a distinctive type not interchange-
able with ordinary wall receptacles of the lighting system.

(5) Plug connectors shall he arranged so that they can be inserted
in receptacle in one position only, thereby insuring against wrong con-
nection of ground required above.
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g (c') Use of Fl‘e,_wlble Cords. The use of flexible cords shall
e limited to wiring of pendants such ag single lamps (not
clusters), portable equipment and chain fixtures (Se:a 1

Order 6037 General Orders on Fire Prevention.) - e

mefi) C'c(;rd for P?rmble Equipment. For all portable equip-
» COTds, especially suited to th
A e 0 the purpose, shall be used. (See

gal:c:)t: :ﬂyf(lllc;rds e::iposed to dampness, corrosive influencesg inflammahle
8, and pendants liable to come in co i

: : nt

Jects are included in this requirement Rl

(e})l Strain at Connections.  Portable and pendant conduct-
ors s aI.I be so installed that no strain can be placed on the terminal
connections and shall have no joints except at suitable fittings

: (lf) Receptacles for Portable Altachments. Receptacles shall
de c.)cated at safely accessible places with the more exposed con-
;it;ng part connected to the grounded side of the circuit. They
s ta. dbe so located ﬂ:lat. liability of such conductors being brough.ﬁ
into dangerous proximity with other live parts will he minimized
(See also Order 1111-b-2, Section 111 of Part 1.) .

Note: i :
= 3 :d. Receptacles having guarded conducting parts are recom-
: (tg)n Co?necftors for Poriable Cords. Connectors which discon-

ect all poles from the live source of i i
shall be used. S BT R

(h) Guarding Live Parts of Connectors.

(1) Connectors shall be S0 constructed (with guards when
necess.ary) that th_e person using them cannot inadvertently
come in contact with live parts, or be burned by arcing, when
Interrupting the circuit, -

h(Z) The §nds of a separable connector which are left alive
shall have live parts suitably guarded. :

(1) Comzectom_ in Hagardous Locations. Where connectors
are exposed to inflammable gas or flyings they shall be so
arranged as not to be exposed to accidenta] opening by per-
sons handling portable conductors or devices.
> (]_;)b Design : of Separable Connectors. Separable connectors
1Sara e S(-J designed that the plugs will not fit receptacles rated for

ser currents than the plugs, and shall be of the polarity type.

! Ek). Protection of Cord at s ockets. Flexible cord where
ntering sockets shall be protected by approved insulating
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bushings which, if threaded, shall not be smaller than 3% inch
pipe size,

(1) Protection of Cord at Outlet Boxes. 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, CARI.
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 Dieces of utilization equipment intended o

operate as a unit, as for instance a motor and its starting device, may
be controlled by one switch.

(2) An automatic circuit-breaker complying with Order 1351-f-3 may
serve as a switch for motors if it disconnects all wires of the cirecuit,

(3) Utilization equipment having a capacity less than 1500 watty
may be disconnected by plug connectors, arranged as required by
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 circuit
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 dang@
of accidental operation. y
(2) With motor-driven equipment, heaters and furnaces,
switches shall be within sight of the equipment controlled b
such switch.
(¢) 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

qualified Persons, by other suitable methods,
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and character of equipment co
ntrolled b
. they are open or closed, e s
(d) Switches Re.gm'red lo Disconnect
shall open aj; conductors of the circuit by one operation

Bxception: HExce i i
2 pt for oufline lightin i -
four—wa,y Switches may be used in t . e e e

as limited by oprq 1352-b, i

order 1365-d.) 7 LRl
(;3) Swf"tckes to Be Capable of Opening Undey Load
(1) Switches shall preferably pe capable of breaking 150

Per cent of the fy]] load cur
at the rated voltage, rent of the connected apparatys

(2) If switcheg a

all Wires, Switches

; -way and
Wo-wire branch circuits of capacity

in the ungrounded conductor. (See

of

than qualified persons,

(f) Motor Starting Switches,
shunt the fygeg or ‘

(h) Guarding Liye Parts of Switche

1351-d and 1354,) + (See also Orders 1310,

Exception:
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formers, electric furnaces, and similar utilization equipmf:nt
can be locked in the open position to prevent careless clohsmg
while work is being done on the equipment controlled by them.

Exception: (1) Small capacity snap or pus-h sw1t?ih?§, ?;;:. ;1:1.12
buttons of remote control switches if near machines arzedl D
from all parts of the machines controlled: are e.xein;lnl t.‘.m Bt
(2) Switches of any size are exempted. if the insta a]i e
only one motor, and the switch ig in plain sight from all p

i operated by the motor. :
maégl)lllé?;enpsﬁritches in rooms made inaccessible to other than quali

fied persons may be arranged to be blocked in the open position and
plainly tagged. (See order 1301.) ' 1
(j) Disconnectors. Disconnectors shall be accessible ortl 1:(1
to properly qualified persons. They shall' also be protm:hf;e
by signs warning against opening the disconnectors whi
carrying current. _ :
(k) Switch Blades to Be Dead. Switches shall be so wired
that blades will be dead when switch is open. . i
Exception: Double-throw switches are exempted from this require-
ment.
1) Contact and Blade Requirements. _ A
El)) Switches shall be so constructed as to make and main
tain good contact. I _
(2) Knife switches shall maintain such allgnmept lunder
: e
service conditions that they may be closed with a single u
hesitating motion. : _
Note: g(;mick make and quick break switches are strongly recom
mended.
I
m) Clearances and Arrangement, . ; !
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 4

from metal walls and doors as specified in Order 1353.

(3) Single-throw knife switches shall be so placed that

ravity will not tend to close them. .
: 4) yDcouble-‘chrow knife switches when‘ mounted in :hgj
vertical position shall have a locking device so construc

as to insure the blades remaining in the open position when

so set, L 5 3

Note: Up to 250 volts and thirty amperes, mdlca.f:mg snap o.r }ﬂt;j .
Bwitche;s are recommended in preference to knife switches on lighting
circuits. (See also order 1354-b.)
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(n) Flush Switches—(Snap or Push ). Where flush switches
~or receptacles are used, whether with conduit or not, they
shall be inclosed in a box constructed of iron or steel, in addj-
tion to the porcelain enclosure of the switch or receptacle,

(o) Support of Surface Snap Switches in Concealed Wiring.
Switches shall be supported at outlets by approved fittings or
outlet boxes giving proper support or by 3x24 inch block
fastened hetween studs.  When this cannot he done,
blocks not less than 34 inch
the lathing shall be provided,

(p) Sub-bases for Smap- 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 ali snap switches used in
exposed knob and cleat work. Sub-bases shall also be used
in metal faceway work, but they may be made of hardwood
or they may be omitted if the switch is approved for mount-
ing directly on the metal raceway,

(q) Time Switches. Time switches, sign flashers and similar

base
in thickness securely screwed to

(r) Compliance with Other Orders.

L. Crames. 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 Are Required.
(1) Fuses or circuit-breakers shall be placed at every point
where a change is made in the size of the wire unless the fuse
Or 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 f below). Except on
main switchboards or where otherwise subject to competent
supervision, automatic overload circuit-breakers shall be pro-
tected with approved fuses. :

Exception: (1) Direct current and single-phase alternating current
motors may have one side protected by an automatic overload circuit- b
breaker only if the other side is protected by a fuse.

(2) Circuit-breakers only will be approved for the protection of
motor circuits 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 circuit automatically under overload it may also serve as a cirouit-
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 exceed
10 amperes and the total wattage of the circuit does not exceed 660,

(5) Heaters of six 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 circuits when the normal load in
use on the circuit at any time will not 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) inay be used. (See also Order 1141-a and exception,
Section 114, Part 1.) 1

(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
broper fusible elements, or the installation of more than one fusible
element in one fuse cage is forbidden by this order. i

Such reprehensible practice as the placing of pennies behind plug
fuses, the installation of link fuses or wires on the outside of cartridge
fuses are also forbidden by this order.

(d) Guarding Live Parts of Fuses.
1350 h and 1354). -

(1) All fuses shall be so arranged that they may be dis-
connected from all sources of electrical energy, by proper
placed switches, before being handled. (Except services, see
Order 1324,) s

(See also Orders 1310,

0ne operation,
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.(2) All ffxses shall be installed in locked cabinets or other-
Wise made inaccessible to other than qualified persons while
the fuses are alive

Exception-: Fuses in Tooms inaccessible to other than qualified
operators (mcludmg Penthouses containing elevator control Panels)
are exempted from this order.

Note: Onpe method of obtainin i i
g the degired rotect: i -
struction in which R

accessible only after they have been disconnected from the circuits,

(e) drcing or Suddenly Moving Payts. Fuses and circuit-
breakers shall pe sq located and shieldeq that persons will not
be burned or injured by their operation,

Note: Handleg or levers of circuit-breakers and similar parts may
move suddenly in such a way that bersons in the Vicinity are liaple

to be injured by being struck by them and h
isolated. | ence should be guarded or

(f) Interlocking Circuit-Breakeys,

(1) .{\utomatic overload circuit-breakers shall have the over-
lo.ad trip coils artanged so that the operation of any one pole
will open all of the conductors simultaneously. -

be a trip-coil in each phase,

(3) If a circuit breaker is used in
mitted by Order 1350-a, Exception 2
that no one pole can
necting all the wires,

Exception The above order does not
cuity of electric railway systems,

.(g) Fuses and Circuit-Breakers iy,
Wires and Fizture Canopies.

_(I) Permanently grounded conductors
wires, (see also Order 1324-p)

Place of a switch as per-
, it shall be so arranged
be opened manually without discon-

apply to grounded return eir-
Neutral Wires, Ground

including service
shall be arranged without

fuses and circuit-breakers interrupting their continuity, un-

less the device used opens all conductors of the circuit with

(See also Order 1350-d and exceptions, )
Branch or Tap Circuits, (See a-2 above.)

(2) Automatic cut-outs shall not pe placed

Exceptioh;

in fixture

Canopies,

. All
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Order 1352. Capacity of Fuses and Circuit-Breakers.

(a) Deternuning 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 size and ingulation to
No. 12 A, W. G. rubber-covered wire is carried directly into keyless
medium screw base sockets or receptacles of stage borders, foot-
lights, proscenium 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 (b) 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. g

Exception: Under the conditions cited in the exception to (2) above,
32 medium base sockets or receptacles may be wired on one branehl-i
circuit. : 3

(c) Fused Rosettes. Fused rosettes shall not be used.
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Order 1353_. Cut-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
ti}e cabinet or cut-out boxes to the wires of more than four power
circuits 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
be. 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
*:vall of any metal cabinet or cut-out box on which the device
is mounted.

(3) There shall be an air space of at least one inch between
any live metal (including enclosed fuses) part and tﬁe 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-
twe;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 {urnished 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 panel-,
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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.thes'e
spaces, gutters or compartments and the wires stowed wit.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 wh}ch 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 effectively .closed
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 surface 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.rb]e 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-e and 1142 of Part 1.

2. If installed where accessible to other than qualified per-
sons, as in workrooms of mills and factories, mercantile
estal’)lishments, hotels and other public buildings, they sffall
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) Panelboards. 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) Conmtacts. Controllers and rheostats shall be so constructed
as to make and maintain good contact,

(c) 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 74 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 not 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.




208 INDUSTRIAL COMMISSION OF WISCONSIN

(4) Air cooled transformers of less t.han 7_50 volts, ‘;2:21 i}se
exception of bell ringing and oth..er stgnallmg ftratni,east One,
shall be so mounted that the case is a distance o ha e
foot from combustible material or sep'arated t .erle rUCh 2
non-combustible, non—absorpti\fe m.sulatmg m;tena ,Osf S
slate, marble or soapstone. This will require the use
or panel somewhat larger than the transformer. Eaphi

Exception: This requirement does m?t appl};1 1;; af:)aig s
el e bt Wh;(':hd iipiigsdzgieez,zuz aﬁl such apparatus
illjef:i:i;;??;:,?lr}clzltner]x‘fplz'ufclc))ot};:se rules in all other respe.c',ts. f

(b) Auto-Transformers. Trans'formers in whlc(l'ix a p?:suicis
the turns are common to both primary and secon ary.rcc T
shall not be used inside buildings to supply 11Ight1ng ci
the highest voltage involved exceeds 300 volts.

Order 1357. Motors and Generators. (For Sizes of Wire see
Orders 1341-b and c.)

a) Bushings and Boses. ‘ . e
El; Bushings for lead wires coming through 'the ..franll:,tin
motors and generators shall be of non-absorptive insu g

material. : : :
B tion: Soft rubber may be used if not exposed to olls.,t g;.:a?g
or oﬁﬁiﬁ delc;terious substances in such guantities as to cause its rap

destruction.

(2) When terminal bases are used, the.y shall be.of appr}cl)vec:
non-combustible, non-absorptive, insulating material such a
slate, marble or porcelain.

b) Dripping. : P

((13 Whpe{'e there is likely to be oil dripping .fm(;n motors
and generators suitable drip pans shall be prov1d§ d L

(2) Suitable guards or inclosures shall be prc1:v1. e folsads

i ts and the insulation o
tect exposed current-carrying parts : | : :
of motnl)jrs and generators from drxppmg" 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 ;lmlessh the ioadr :.111:0

i i hereto are of such a character a
the mechanical connection t suc
safely limit the speed or unless the machine is always under the
manual control of a qualified operator.

(1) Separately excited direct-current motors.
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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-
fent 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 above.

(e) Wiring. Where speed-limiting devices or remote-control
switches are electrically operated, the control circuits by which

such devices are actuated shall he adequately guarded by conduit
or otherwise, against mechanical injury.

(f) Under or Low-V oltage 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 persons only, the provision of a disconnect-
ing switch eliminateg the hazard to persons.

(g) Rewerse-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-
pose may be run in series—multiple or multiple-service,

(i) High Potential Systems. (See also Order 1325.)
14
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: BLBCTRICAL CODB—0RpRR 1358 f
(1) Motors or generators shall not operate at voltages in run in a horizonta] 211 : ,
£ 2500 i ible only to qualified " al plane, they shall b f
excess o , except in rooms accessible only to quali e if not run in 5 fiot i) € Separated at least 6 inches |
electrical operators. (See Order 1301, Section 130.) 8 inches; if Siahs ot ?a Plane they shall pe Separated at least \
(2) Motors operating at voltages above 750 volts shall be wires shall be im:re'f: oclilger than. 20 feet, the distance betweeg |
wired with approved multiple conductor, metal sheathed cable - spans exceed 40 feet ased proportionately, byt im0 case: shai]
in rigid metal conduits, or other suitable ducts. oo o - (See also Order 1340-b.) a
Exception: Where not exposed to moisture, the sheathing may be rigid SuDports D ear hangers will be considered :
omittad, 6 - : ed the equivalent of
) Crane Runway condycto

(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 portion of the con-

duit may be flexible.

Position or go guarded that per

(8) Bridge collec i
tor wires shall b
apart and. Separated at g]] times at Ie :
surface wired over, =

ept at least 2% inches
st 134 inches trom the

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:

specified in the § o
also Order 1341~e.§ owing table for the varj

Length of Span—Feat Bize Wi Req
ire Required—A, w, @, °

0 to 3p
81 to 60 6
60

Over i
3
(10) Bridge collect

ol or wires shall b
th ‘ all be so arr
| that hoisting cables cannot be brought j anged or 5o guarded
with them, ght into accidenta] contact

- Note: Provyisi
- g 81on of g 1j ht
- from swingin i E1 angle iron to prevent i
B fciont & against the bridge trolley cond th? hoisting cableg
1 brotection, nductors will pe considereq

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 encaged 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

gtlz) Switches, Fyses and Circuit-Bregheys
(D) Runway trolley wires for tra :

Vit veli
es for other types of cranes shall el feeder

be protected by fuses or cjr-
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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 i _(2) Cranes which have a cap

comply with Orders 1350-h and 1351-d and shall be so located as on the trolley shaly

to be easily accessible from the floor. ; (3)
(2) All electric cranes shall be equipped with a main line

switch connected into the leads from the crane runway wires pable of producin shal

' > g a torqu s a.lbe ca-
and so located in the cab as to be readily accessible to the less than one foot per Segoflcfufﬁt:]ent to retard at the rate of not
operator. This switch shall comply with Order 1350-h and ated this rate of retardation Shpjir ~econd. When Mmanually oper-
shall have means for locking in the open position. lever in excegs of 100 pounds ot require 5 force on the brake

- Bxception: Where cabs are attached to the crane trolley an addi-
tional main line switch of the same type shall be provided as near as
possible to the main collectors.

(3) With 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 ctit
off from the brake magnet. This brake shall have sufficient
torque to sustain at least one and one-half times the full ra

load.

Note: On cranes where a combination mechanical load lowe
brake and a magnet brake on motor shaft are employed, the two bra

o I -

Note: A

ditions whep consideration 1, be. such ag tq introduce hazardous eop. |

and the characten‘stics of the f;?;lmz;tthe (BaEhiins o
: f

are maintaine( shall pe

¢ ground jf operated ip

ctric wi :
ground, whether Witlug or €quipment gyer 100

selves electrically

ut doors the insulation 0n wireg

the contact plateg of
Wwires are exposed to moisture ang ji;l;eostats shall he Tubber wherg

wher P
© Wires are groungeq, Waton ig necessary and alg

(2) If the cra
: ne operate .
i Tesistors shall pe ) s r?adﬂy combustib]e materia]

3 the event of burnj
. - urni

I_f the resistors are
ained by construct-

tnoratfharn S8hall cwvmmd 438
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(4) Manual controllers or the manually operated part of re-
mote controllers shall be provided with a device that will defn-
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-c, 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
means of support adequate to safely carry the load imposed.

(2) Fixtures having so-called flat canopies, tops or backs

shall not be used, except where sufficiently deep outlet boxes
are used.

grounded Surfaces, by mey

lators.  (See 4150 0 joints and ca i
rder 13150 nopy insy-
__Hxception: e ‘

ioists or Stud constryets
e on,
'(?) Insulatmg Jomts when ygeq
ceiling or wall as Possible,

) Ca}nopy insulatorg when yse

: urely f,
OPles thoroyghi

surface ang outlet box or platge fy -
to be insulated. 7

shall pe placed as close to

astened ip Place 5o a5 to
nd Permanently from, the
m which ‘they are designed

(d) r nsulation,

; avoid :
this part majes contact with exter- danger of ghogy in case

Xposed. (See alg Order 1340 I;al shell of fixture, o becomes

(e). Outdooy Fiztures, -
Struction, when ysed on the

Operate At a potentig] highe :
(See also Order 1331-b.)

(2) Electric gas lighting
shall not pe used on the sar;l
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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.

(c) 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 stich a manner as to prevent the escape

of anv flame or sparks, in case of burnout in the various coils.
¥ P .

th i u
€ encIosmg case grounded as spe;:iﬁed in OI’dEI‘ 1313 g5 1
—L. pp y

wires leading into this hj
igh-potenti :
accordance with Section 13g4. s v shall ‘be installed in

Order 1363. Arc Lamps and Constant.

(See also Order 1360:£-3 and 1323.)(:"furrent Series Lamps.

(a) Disconnectin :
. g Device. A suitabl :
by which ltable device shall he S1
afety ang aCht?‘rcl ]am-P or other device on series circuitsplr;cl): 1d§d~
entirely disconnected from the circuit befor )tf e

; erore it is

(b) Wires.

1) )
for( i)?arbtr:illzr Wslren 1e:;rang’ed to be raised and lowered, either
other purposes, shall :
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P, when such conductor ig larger than No 14mj‘xor Y
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by the lamp., e
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sight, and never incased, ? < e
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2) Economy and compensator coils fo'r arc']amlps- shal;ub?
; )ted on non-combustible, non-absorptfve, msu'atmgace gf
mmg such as glass or porcelain, allowing an alrdsghau -
pirle:ast one inch between frame and support, an
a
general be treated as sources of heat.
ding. - s ™
(((;; ﬁ?:rlargps shall be supplied with globese:(r:{id\?\.flli'/4
netting around the globes (having a mesh not :ccors sipn s
inches) and shall be protected by spark arresters.
: d
lobes shall not be used. : t
4 ((:ZgaCEZigsOsﬁall be placed out of reach or otherwise suit

rotected. i
ablytp' Outside lamps should be susp?nded at leam;ﬂ:l)1 :::t B
i Iio :3;3 and 156 feet above roadways; inside lamps,
ootw:

floor. s _
abo:: tiz.m:; shall be secured from falling on persons or dt:aiig
(s-i31 below, and the hanger rope, chain or other meantsi;n pin-
1;2: hflding tile lamps shall be regularly and systema y
g i for constant-
hain supports for
rts.  All metal cable or ¢ :
Se)ntss?:f; lamps shall be effectively 1nsu1ated‘ froglfi;l: }fa;l:ri
zﬁd shall also be insulated at a point not less than

the ground,

Order 1364. Decorative Lighting,

ative

For temporary installations of approved sglftemisreosfotéezﬁ; o

i i ; tential between the w )

ighting, the difference of po i
lclff; 1snh}g;ll not be over 150 volts, and not more than 1320 w.

shall be dependent on the one cut-out.

i ighti Exterior.) (For size of fuses
1365. Outline Lighting. ( : :
Ord?;:quired see Order 1352-b and ¢ and Exceptions.)

Wiring. s : : ]
E?; For outline lighting, open wiring, condmtbor rrzi;cal troug
onstruction may be used but raceways shall notde_ gshail i
; (2) Wires for use in rigid or flexible steel con u1§ iz )
with requirements for conduit‘ wark(.1 t(h Seeza(slzd:;aln be. e
Where armored cable is used, ! e
fro(rf])moisture by lead sheath between armor and msulatlon
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(4) For open work, wires shall be rubber
than No. 14 A. W. G. and shall be ri
combustible, nonabsorptive

-covered, not less
gidly Supported, on non-

insulators not over 414  feet
apart, which separate the wires at least one inch from the sur-

face wired over. If the wires are liable to pe disturbed, the
distance between supports shall be shortened.
(5) In those parts of circe

uits where wires are connected to
receptacles which hold the

m at least one inch from the sur-

are placed not over one foot apart,
such receptacles il be considered to afford

support and spacing of the wires,
(6) Between receptacles

the necessary

more than one foot, but not more
than two feet apart, an additional noncombustible, non-
absorptive insulator maintaining a separation and spacing
equivalent to those of the receptacles shall be used.

(7) Except as above specified, wires shall be kept apart at
least 214 inches for voltages up to 300 and four inches for
higher voltages, -

(8) Metal—troughs shall be weatherproof, and other details shall
comply with such requirements of Orders 1340-1346, inclusive,
as apply, and Order 1375,

(b) Sockets ang Receptacies.

(1) Sockets and receptacles shall be of the keyless weather-
proof type and wire connections shal] be soldered,

(2) Miniature base devices shall not be used.
(c) Cabinets.

ments of the sign.

(d) Switches. Outline lighting shall be

Protected by switches
which disconnect a]] conductors,

(See also Order 1350.)
Order 1366, Signs. (For size of Fuses tequired see Order
1352-b and ¢ and Exceptions.)

(2) Switches.
shall be provided with switches, which dj
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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 Irom the ground.

(b) Connectors.

(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) Accessibility and Guarding.

(1) Electric signs, any parts of which are at an elevation
greater than 30 feet above the ground, or at an elevation above
a roof greater than the distance from the edge of the roof,
"shall be provided with substantial safely accessible runways,
ladders or platforms from which all replacements and other
hecessary 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

S€parate street Mmains, ¢
be installeq. One of ¢y
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(4) Where the source of energy is an isolated plant within
the same building, an auxiliary service of sufficient capacity
to supply all emergency lights from some outside source or
a suitable storage battery within the premises shall be installed.

Order 1372. Fusing and Control of Exit Lights.

Emergency lights shall not have more than one set of fuses
between them and their service fuses, shall be fed independently
of the stage lighting, shall be controlled only from the lobby or
other convenient place in the front of the house, and fuses and
control shall be accessible only to authorized persons.

Order 1373. Dressing Room Lamps. :
All pendant lights shall be equipped with armored cable, or
steel armored flexible cord, and shall be provided with guards

which are sealed or locked in place.

Order 1374. Switchboards.

(a) Construction end Guarding.

(1) Stage switchboards shall be constructed as required by
Order 1142, Section 114 of Part 1, and in addition shall be of the
“dead-front” type so that the operator is at all times protected
against any possibility of contact with live metal parts.

(2) Stage switchboards shall have a metal hood over the top
running the full length of the board and fully protecting same
from anything falling from above.

(b) Dimmer Switches. Switches controlling circuits of which
dimmers form a part shall be arranged to disconnect the dimmer
completely, except that on three-wire mains with grounded neu-

tral the neutral shall be run through to the dimmer without a

switch in it.
(¢) Dimmers to be Inclosed. Dimmers shall be placed in a
well ventilated non-combustible inclosure, accessible only to

qualified persons.
Note: A fireproof chamber is recommended.

Order 1375. Stage Wiring.

(a) Plug Recepiacles. ‘
(1) Plug receptacles for arc and incandescent lamps shall
be different, so that arc lamps cannot be connected onto an

incandescent lamp receptacle and vice versa.

3

o
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(2) Plug receptacles shall b
e controlled from swit
(3) Plug receptacles shall not be rated a‘:llzzzoiiisng;

Iar?gs, nor smaller than No. 12 A. W. G. for incandescent lamps
Footlights, Bord j ideli .
B ers and Proscenium Sidelights. (See also
(1) The lamp rece
ptacles shall be ingl i
ot . inclosed in a
utlet boxes or mounted in approved footlight sec’ci|:>£ls)r(c]::r€1c-1

shall i
conne}:;o:;l:ﬂﬁy bsupported to prevent mechanical strain at
froeuk .a); l1;:a.suon to cab.le. Conduit construction shall
s 1 swite board to point where cables must be flexi-
0 permit raising and lowering of border.
(3) For the wiring of footlights, borders ang proscenium

in each rope at the border,
S :
WiEh)SE?r;iIers and proscenium sidelights shall be pi'ovided
suitable guz}rds to prevent scenery or other combustibl
material coming in contact with lamps Bov
(;:) Strip and Bunch Lights.

C]O(Se) ?trlp aind bunch lights shall have lamp receptacles in-
= In out et' boxes or mounted in inclosures of sheet iron
eel, of a thickness not less than No. 20 U S. Sheet M
gag;, and treated to prevent oxidation, i s
mt(,eé :;he ca.bles supplying strip and bunch lights shall be

a suitable manner where passing thrdugh the metal

d
the; ghji:egz: Do;cks. Where lamps are installed in scene docks
So located or guarded that they will not be liable to,

mechanical injury,




224 INDUSTRIAL COMMISSION OF WISCONSIN
(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 self-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
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» ventilation, Mmachines, flues, see Building Code, Section 1(;3

(b) Lamps,

Tt
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structed in such a manner as to provide safeguards against

fire or accident.
(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.

(e) Equipment. Generators, rectifiers and other equipment for

transforming electric current shall not be placed within the booth.
Exception: If the booth ig not less than 10 feet wide, by 19 feet

long, by 8 feet high, and all such equipment is inclosed in fireproof ma-

terial or thirty mesh wire screen, this requirement will be waived,

(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) Gemeral. All equipments including all attachments, cut-
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, %n‘c:Iusive).
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Order 1381. Wiring,

(& (.:onduit, armored cable or meta] raceway.
public garages by Order 1310-b-2.)

(a) Wall Outlets. :

Conduit, armored cable (see Order 1332-b) or meta] raceways
(see Order 1333-a) shall be so installed that no outlet, junction

box, wall receptacle, etc i
] ) » will be | - :
from the floor. Y ocated less than four feet

S are required in a]l

(b) Floor Ouﬂets. Floor outlets shall not be used.

Order 1382, Portables.
(a) Flexible Cord,

(1) Flexible cords for portable lamps, motors and other ap-
paratus, except for charging, shall be cord designed for rou %1
usage, preferably packinghouse cord or stage cable. a

(2) Flexible cable for charging shall be stage cable, and
shall have 3 current-carrying capacity of at least 50 aml;eres.
typ(eS) Flexible cords for pendant lamps shall be of the reinforced

| ; 7 s

(b) Connectors. ol

(_1) All portable cords shall have connected into them
a pin plug connector or equivalent device, so that the
will break apart readily at any position of the cable,

(2) Current-carryin
g parts of connectors shall ha
Prevent accidental contact. guarded to,

H 2

connector

(3) The fixed or wall connector, if not located on a switeh-

board or charein :
et ging panel, shall be protected against accidental

(kc) Lamps. Al portable lights shall e equipped with keyless
zzzi gts,dof fl’;loulded composition or metal-sheathed porcelain type‘
Pped with a substantia] guard having a h ‘.

g a heavy handl
Order 1383, Location of Equipment. i e e

in operah‘on may cause sparking, shall be located in separate

room or 1n-closure, provided for this burpose only, unless all

guch sparking or arcing parts are at least four feet above the
00r or surrounded by explosion-proof inclosure,
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(b) Motors or Generators. Motors or generators not actuz;léy
a part of a vehicle, if not located at least four feet above the

floor, shall be of the explosion-proof type.

IGNAL
ENT CONNECTED TO S
TION 139, SIGNAL EQUIPM

e LINES AND RADIO SIGNALLING APPARATUS

Order 1390. Scope of Orders.

Orders 1391 and 1392 govern wiring and othe.r pr.otecl?l‘;rc
arrangements for telephone, telegraph (except'rad‘lo mﬁgna alni
apparatus) district messenger and call-belll'c}llrcmts},laz;idous

imilar systems which are
burglar alarms, and all simi S
‘their liabili become crossed with or

nly because of their liability to o =
?ect);d to induced voltages from electric light, heat or power cir

i ightning,

its, or because of exposure to lig Ay .
mOSrders 1393-1399, inclusive, govern radio signalling apparatus

and wiring.

Order 1391. Requirements for Wires and Cables SI'Ipp(;;;.Ed
on and Entering Buildings, Protectors and Interior Wir-

ing of Signal Equipment.

(2) Signal Wires on the Outside Walls of Bmzdm‘iirersﬁrii
wires on the exterior of buildings shall not come guit i
four inches to supply wires, ex.cept when in cein ﬁx;d &
separated therefrom by a continuous am? firm T)‘(h. g
conductor to maintain permanent. separ.atlon. 5 1sires
ductor shall be in addition to the insulation of the W‘I h. -

(b) Insulating Toint in lAem'al C;abiej‘;ith\];/;::t:;cn;g}?t jr (Ie)a(.J 4
aerial cables, which are liable to contac : o

i ilding the sheath shall be interrupted l?y means of
ﬁriigi?izig f:;Eint i‘ by equivalent means placed immediately
outside the building, - | _

(¢c) Insulation of Drop Wires. "l“hfe wires fro;n ti)l:l;::;: Z?ltd
side support to the l;entranc?d to b?;}sdijl'lfgbf‘ iSIiEné s)Shall e

i ttached to the outside wa _ : _
;?;ngainsuIation not less than 14, of. an inch in th]::d‘{;;?zs Sar::
shall be covered by a substantial b.raxd; on fr.f.u.neI uid ingcon_
frame portions of other buildings wires shall be mcktjls;:bs o
duit or supported on glass or porcelain 1nsu1.atorfs, ﬁ)r i 1.391’”

exception following 1391-f, see also exception following
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(d) Entrance Bushings and Drip Loops. Wires shall enter
building either through noncombustible, nonabsorptive insulating
bushings or through rigid conduit, Bushings shall be installed in
4 manner to prevent entrance of moisture to the building, Conduit
shall be so placed as to prevent the entrance of moisture, and fitted
with an approved bushing or service head. (See exception follow-
ing 1391-f, see also exception 1391-i.)

Note: More than one wire may entep through the same bushing if
desired.

(e) Protector Required. Location. Signal wires shall be pro-
vided with an effective protective device (See (i) below) located
as near as practicable to the entrance of wireg to building and in 4
readily accessible place. The protector shall not he 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 1391-1.)

(f) Wires from Entrance 15 Buildings to Protectors shall be in-
closed in condyit Or supported on porcelain insulators of a type
and so spaced that the wires will not make contact with other
objects or the surface wired oyer (see exception to 1391-1),

HException: When wireg are carried in cables, orders 1391, (e), (d),
and (f) do not apply. The cable may be of the meta] sheath type with
conductorg insulated With paper op other suitahle material, or it may
be of non-metallic sheath type in which case the insulation on the

individua] conductors shal] conform to order 1391-c, except that the
braid on individual conductors may be omitted,

(8) Protector Ground Wiye. (See exception under Order
1391-i.)

The ground wire of the protective device shall be run in
accordance with the following requirements :

and on poles or where a ground wire on the outside of building
walls is near 5 roadway, sidewalk or pathway, it shall be pro-

3. It shall have » rubber insulation of not less than 14, of an
inch in thickness which shal] he covered by a substantia] braid,

4. It shall be run In as straight and short a line a5 practicable
to a permanent ang effective ground.
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(h) Protector Ground Commection. (See exception under
Order 1391-i.)

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
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.

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,

(1) 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. i

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.

and firmly fixed non
: 1 conduc-
ent separation ; this nonconductor shall he jn

ion on the wire, (See also Order 1343-j-1.)

tor creating a perman
addition to the insulat

fire-proof shaft having fire stops at
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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 as fuses and arrest-
ers, and also for conditions of unusual exposure, drainage coils or
transformers or both. ;

(II) The arrangement of apparatus in such a way that persons using
it will be obliged to stand on a suitably insulated platform, in a suitably
insulated booth or on other insulating surfaces. (The above applies
only where apparatug is accessible to none but authorized persons.)

(III) The arrangement of apparatus (on signal circuits exposed to
supply lines of more than 750 volts to ground) so as to have no exposed
current-carrying parts, exceeding 2 square inches in area with which a
person is liable to come in contact and the use of suitable protective
devices, including fuses and arresters or other means.

Exception: Portable telephones need not be so 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 circuits, 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 ecircuits, if not protected by arresters,
should be provided with suitable insulating material between the cir-
cuit within and the exposed frame and operating hook, this insulation
to be capable of withstanding the highest voltage of the supply ecir-
cuits to which the fire-alarm circuit ig exposed up to 7500 volts.

(b) Guarding Current-Carrying Paris.

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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grounded current-carrying parts are so
ab?)f protected against breakdown of in
vailing atmospheric conditions,

!Ncn‘.e:( The inclosing cases of
guards if substantially huilt of me

guarded as to be syit-
sulation under the pre-

signal' apparatus provide suitable
tal or Insulating materials,

for the individ ual conductors,

3. Where no protecti ;
ect is i S
R, 0P fective device is installed (permissible only
e : r similar apparatus or for apparatus not for
S€, where the character of the service precludes the

' stan cir i
signal circuit is exposed up to 7500 Voclit]s]‘E V(Oslzg;sf)oaghlih o
(c) Protection Against Induced 7 oltages 3
bell.l AEI telephone or other signaling equ
paraﬁnl ed by pers?ns .and which is connected to a line that

€is a supply line in such manner that by r

Posure to the supply line under normal IR o
more Fhan 150 volts are induced between
Signaling equipment and ground
or more of the following methods,:
the(Ig‘ AJI- exposed metal parts o
1reuit, and the circuit shall pe brotected by arresters having a

bleﬂkdown p()tentlal not exceedlng OHE"ha]f that of the lﬂsulatlon be-

tween
the above-named noncurreut-carrying metal parts ang th
e

current-carrying parts, Cord
: ‘ 5 G4
s shall have an additional ingulating tup-

(II) All exposed no
neurrent-carryi >
nently grounded and all current- e

bermanently grounded or adequat

(II1) A1 equipment shall he go
tact with the equipment ghall he oh
Platform or in g booth of suitable

ipment, which must

the terminals of the
shall be protected by one

i 1 be perma-
carrynfg metal parts ghal] either be
ely shielded. (See b above.)
l?cated that persong coming in con-
?1ged to stand either on an insulated
insulating materia].
Order 1393. Wiri
- Iring of Radio Signali
' ng A
In setting u L

p radio signali
thereto shall conf gnaling apparatus all
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Order 1394. Requirements for Radio Stations Which Re

ceive Only.

Antenna. |
Ej)) Antennae outside of buildings‘sha%l not cross ivirzog'ou‘rrlﬁ;r
electric light or power \zirlis tof :;m_)lr (:(:C;Elteii gosftznia g
i located that a failu :
:;2:: T:rllle:til:;:ccl) electric light or power .WiI.'eS can result Jni ae Scon—
tact between the antenna and such electric light or I?ower wir .nd
(2) Antennae shall be constructed and installed in atstrzzildgeita]
durable manner and shall be so located as to prevent ac:.:‘l
contact with light and power wires by sagging or sw1ng1dg. o
(3) Splices and joints in the antenna span, unless made w

approved clamps or splicing devices, shall be.sgldere‘;ille SEALy
Exception: Antenna installed inside of buildings

from all of the above requirements.

(b) Lead-in Wires. '
(1) Lead-in wires shall be of copper, copper-clad steel or other
i i ively.
metal which will not corrode excessive .
(2) Lead-in wires shall not be smaller than No. 14 A. W. 1G. .
Copper-clad steel wire of No. 17 A. W. G. or large

Exception:
may be used. 5
(3) Lead-in wires on the outside of buildings shall not come

A . o
nearer than four inches to electric light and power wires unle

: el
separated therefrom by a continuous and firmly fixed nonco

: 3
ductor that will maintain permanent separation. The nonco

i iti y insulation on the wire. ‘

tor shall be in addition to any insu K

du‘(340)1' Lead-in wires shall enter building through a non-combusti
ble, non-absorptive insulating bushing.

(c) Protective Device. | . ! A

(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 pf)int where the w:ii'e
enters the building. The protector shall be zsolat(?d from eas 3{
ignitable materials or explosives, inflammable flyings or gases.

: A 1d
Note: (1) An effective protective device under thlls oréieg'v :;l:m.
be a li.ghtning arrester which will operate at a potential o .

0) volts or less. 5
dl'izg) ('51218) u:e of an antenna grounding switch, which when in its

om-
cloged position forms a shunt around the protective device is rec

mended. This switch should not have a slate base.

=g s
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(d) Disconnecting Switch,

A switch for disconnecting the receiving apparatus from the
antenna shall be provided,

Note: This should preferably be a double pole switch which wil]
disconnect the apparatus from both the antenna and ground connection,

(e) Protective Ground Wire.

(1) The ground wire shall be of copper or copper-clad steel.
If of copper the ground wire shall be not smaller than No. 14
A. W. G. and if of copper-clad steel it shall be not smaller than
No. 17 A. W. G. The ground wire shall be run in as straight a
line as possible to a permanent and effective ground, Preference
shall be given water piping. Gas piping shall not be used for
grounding protective devices,

Note: (1) Other permissible grounds are grounded steel frames
of buildings or other grounded metallic work in the building and
artificial grounds such as driven pipes, plates, cones, ete,

(2) The ground wire may be bare or insulated,

(2) The ground wire shall be protected against mechanical
injury.

(3) An effective ground clamp shall be used wherever the
ground wire is connected to pipes or piping.

(f) Wires Inside Buildings.

Wires inside buildings shall he securely fastened in a workman-

continuous and firmly fixed nonconductor making a permanent
separation. This nonconductor shall be in addition to any regu-

Note: Porcelain tubing or approved flexible tubing may be used for
encasing wires to comply with this rule, ;
(8) Receiving Equipment Ground Wire.

(1) The ground conductor shall be of copper, copper-clad steel
or other metal which will not corrode excessively under existing
conditions,

Note: This conductor may be either bare or insulated and may pe
run ingide or outside of building,

(2) The ground conductor shall not be smaller than No. 14
AW.G . '

Exception: 'Copper-clad steel wire of No. 17 A. W. G. or larger may
be used,
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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.

(c) 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 be;

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) ':I‘he ground conductor from grounding switch to ground
connection shall be securely supported and run to the same type of
;irggznd connection and in the same manner as required by Order

-€.

ini{;;:i.ngiﬁjlrﬁt:onductor need not be insulated nor mounted on

(e) Operating Ground Wire.

gl) The radio operating ground conductor shall be of copper
StI.']p not less than three-eighths inch wide by one sixty-fourth inch
th1c.k, or of copper or approved copper-clad steel wire having a
Periphery or girth (around the outside) of at least three-quarters
inch (for example a No, 2 A. W. G. copper wire).

(2) The radio operating ground conductor shall be firmly se-
cured in place throughout its length and protected and supported

in the same manner as required for lead-in conduct
e uctors by Order

(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, o i
| |

(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 cable
or metal raceways.

(2) If lead covered wire is used it shall be protected through-
out its length in metal conduit or metal raceways.

(h) Protection from Surges.

(1) In orfier to protect the supply system from high-potential
surges and k1ck—backs 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 :

1. Two condensers (each of not less than one-half microtarad- ca-
pacity and capable of withstanding a 600 volt test) in series across the
line and mid-point between condensers grounded; across (in parallel

with) each of these condensers shall be connected a shunting fixed

gpark-gap capable of not more than one-thirty-second inch geparation.

2. Two vacuum fube type protectors in geries across the line with the
mid-point grounded.

3. Non-inductively wound resistor
mid-point grounded.

4, Electrolytic lightning a

(2) In no case shall the ground wire of surge and kick-back
protective devices be run pa'rallel with the operating ground wire
when within a distance of thirty feet. ;

(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.

s connected across the line with

3

rresters such as the aluminum cell type.

keys, and other devices em-

APPENDICES OF PART 3

Appendiz C. Determining Required Size of Conduit.
¢ shown in Tables 1 and 2 of Order

For combinations of wire no
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 AL W. G. wires.

Area of a No. 12 wire is 038 square inches

Area of a No. 10 wire is 1049 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 is .122 square inches and hence would be to0

small., It would then be necessary

conduit, although it is somewhat larger than absolutely necessaty:

to use a three-quarter inch
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TABLE 1—WIRES IN CONDUIT. DIMENSIONS OF RUBBER-OOVERED WIRE

Wire Artea Wire Area - Wire Ate
i
14 081 295,000 C. M
u : M .66 | 1,000,000 0. M.
12 :gg gog% g. 1&. 58 | 1,100,000 8. lﬁ. %'gi
g 04 80,000 0. M. 169 | 1,2000000 Q. M. 2.16
8 00 30,000 0. 3. M7 | 1,250,000 O. M. 2.22
8 . 40,000 0. AL ‘83 | 1,300,000 O, M. .97
; 1 50,000 0. M. 92 | 1.400,000 . M. 2.40
8 19 F50,000 O M. Sl R g N 2
2 2 600,000 0. M. 1.19 | 1,700,000 C. M. 5
L 7 60000 Q. M. 1.97 | 1,750,000 O. M. 2.85
3 8 o, . M. 1.83 | 1,800,000 O. M 2.89
R 8 750,00 0. M. 1.39 | 1,900,000 C. M. 3.06
0000 i 850,000 O, M. il A ADL s
900,000 . M. 1.60
950,000 C, M. 1,68 ‘
TABLE 2-DIMENSIONS IN CONDUIT
7 ‘onduit Area 40% of Aren
o Conduit Area } 40% of Area
1% .306 .
1% .516 .122 gsﬁ ;'gi e
el AR R
114 2.08 . ggm 5 %g'g ?‘23
214 475 1.9 : g oy .52

Appendiz D. Motor Wiring Tables.

1. Alternating Current Motors.
qu assist those responsible for the selection of the proper sizes
? wires and .the proper sizes of fuses or circuit breakers for pro-
ecting the wires to a single alternating-current motor, operating

~under normal conditions, wiring tables are given herewith

f'Tf‘he table:s are baged on the following assumptions as to size
of fuse required to withstand the starting current without blowing :

Times Full Load

Type of Motor ¢ Current at
Starting
Single-phase, repulsion-induction;
I 1 5 witho
Eigg}: E]ﬁzze, re;iptisagn—inducticn; with Tﬁl:ﬂ:;lggtzstat. -------- goog
- o, aplit-phasa (thrown directly across 1ine).--.-- 7
ggg—ggn:e. slig»[ﬂnig wuugd mtor_dimcﬂy e e fgg
v-phage, squirrel-cage (with approved auto- ;
Poly-phase, squirrel-cage (thrown I;Iireetlsr gcﬁu%‘;a?{gg;:::: g.gng.s

'IThe current values used in these tables are the average current
values of motors of different types, all frequencies and standard
speeds. Therefore, a variation of 10 per cent higher or lower may
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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 CAPACITY OF COONDUCTORS FOR INTERMIT-
TENT SERVICE

: Code
Cl g :
w8 £ e Oarrying Capacity, Amp., for %
S8 i 1 Deg. Fahr. Rige
28 : £
A W.G =g £ 84
g | A
B -E'g S Indefi- Short Time in Minutes
e o 2 g g 3 rtgte
6}.5 8 g Time | a0 15 10 b
15 27.0 17 19 2 2% 30
20 31.0 22 24 26 29 35
9% 27.9 7 30 35 40 45
35 29.9 36 43 50 0 65
50 33.1 52 60 3 80 106
T e 56 69 &8 | 100 125
70 0.7 64 i 97 | 110 140
20 349 82 93 113 135 165
90 347 % | 106 130 155 195
100 39.1 96 126 154 | 180 925
125 41.2 110 147 182 210 276
150 4.8 130 179 290 260 340
175 89.4 150 213 270 320 490
A 175 247 | 310
225 57.6 180 256 325 395 515
240 |__________ 205 207 | a7 455 585
275 45.2 238 345 435 535 650
800 |- . 265 395 500
825 290 440 555 | 690
400 48.1 345 529 660 | 800 1,090
450 390 610 | 750 915 1,276
500 430 830 | 1,025 1,400
525 450 | ‘710 | 80 1,080 | 1,
550 465 745 905 | 1,120 1,525
600 495 810 975 | 1,210 1,665
650 525 | 870 | 1,000 1,25 | 1,80

* By Vietor H. Tousley,

safe Carrying capacity of Table 3 cdar ¢
Part 3 of the Code, ? & rder 1341-a-1, Section 134,

2. Direct Current M otors.

wire SiZGS for direct—curr ’
i : Gl ! : ent
otors are more 1BEld11y and more qulckly made on the _]Ob a

:

similar ire si i i
: - table of Wwire Sizes to supply a single direct-current motor
18 Very convenient and is here given

.

TABLE 'FwDIRECT—GURRENT MOTORS

;_R_E————R—*RE\“.%——‘E‘——_E‘RE -
Full Load Fus i i
Running Current gﬂ?ﬁtg%‘;]w Hle Gfsg ]rlgof? o s
Hopaliee—s ;
: e e e L )
10. v | 230 v. | 550 v ‘ ‘
_ | | . 110 v, (207, 550 V. | 110 V. ‘f 220 V. { 550 V.
5‘5 2.3 1| w ‘l 5 5 it 7 | 14
2 Sape L 10 10 5 14 | 14 1
A 5| 2 15 5 10 14 | i
2. : ) 5 35 2 | 10 8 | 12 | it
i 20 8 50 2% 15 6| 10 1
5 929 1.6 | 35 15 Al i
8 3 | 155 | 100 50 20 1 8 2
2 3 20" | o5 70 25 0| ol i
i gg 23 ' 150 o g0 000 i [ i
| 4 31 200 20 50 200,000 2 s
2| e 38 | 25 | 195 G000 0 ;
o 6 | o5 | 150 ) 70 300,000 | o :
wr | s { g A | 400,000 | 0 |‘ i
,?zg é?f lgg 450 %gg 90 508’8% I‘ e 5
1| ' 000 | 450 | 200 ’ '
\ | | | l 1,700,000{ 600 000} 200, 600

Note: Rubber, varnished cloth or

: other ingulatj i
cloth wires smaller than No. g may not mag a

be used,

3. Size of Wires for a Group of Motors,
The maximum horse
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