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BEFORE THE

PUBLIC SERVICE COMMISSION OF WISCONSIN

[U.—2776]

In the Matter of the Revision by the Commission of the Rules and

- Regulations Governing the Construction, Operation, and Main-
" fenance of Lines and Equipment Owned, Managed, Operated, or
2 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 Transmitted
or Conveyed.

. 'WHEREAS, An investigation has been conducted by the
- Engineering Department of the Public Service Commisgsion
jointly. with the Industrial Commission, involving the re-
‘of the standards of safe electrical construction and
peration; and

WI—I REAS, All railroads and public utilities under the
n: of this Commission and subject to the require-
ments of Chapters 195 and 196 of the Statutes have had
sonable notlce of the hearmg held in connec-
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map) of all lines to be built or rebuilt in the future and
described as follows: .

All construction projects in rural districts where grade
A or B construction i required which involve joint use of
poles by communication and/or signal circuits with supply
circuits or conflicts between communication and/or signal
circuits with supply lines.

Note (1): The above includes major communication
lines in conflict or in joint use with open wire supply lines
above 5000 volts. Also minor communication lines in con-
flict or on the same poles with open wire supply circuits
above 7500 volts. See definition of communication lines in
Order 1020.

Note (2): The full information called for above shall
include a statement that all utilities, individuals and rail-
roads known to be involved or affected by the construction
or changes have been notified.

This order will supersede and take the place of the order
of this Commission with reference to standards for the
safe construction and operation of electric systems, decided
November 21, 1930.

Dated at Madison, Wisconsin, this 15th day of October,
1934,

PUBLIC SERVICE COMMISSION OF WISCONSIN,

A. R. McDONALD,
F, 8., HUNnT,
Commissioners,
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WISCONSIN STATE ELECTRICAL CODE

INTRODUCTION

By Chapter 101 of the revised statutes, 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 fur-
ther 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
itu as to endanger other buildings or property.

The | lectrical code was adopted in 1917. Between -
e present: date, the 1917 code orders were re-
bt number of times. The third edition
Tective November 21, 1930 and a sup-
his edition ‘wags issued July 15, 1933. Later

hal ‘revisions in the electrical

é_c'_r_etary ' Committee, Industrial Com.-

: ington, I, C., U. 8. Burean of Standards
Madison;’ Wisconsin Utilities Association
‘Milwaukee; Fire Insurance Rating Bureau

1, State Telephone Association

ukee, Wisconsin Telephone Company

o, Blectrical Utilization Equipment Manu-

» C.:B. and Q. Railroad
raukes __Milwaukee Building Inspection De-

Ind strial Commission of Wisconsin
: Eleetrical Contractors and Dealers Asso-
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George E. Cooper, West Allis, Wiseonsin Manufacturers Asso-
ciation

G. H. Andrae, Milwaukee, Contractor, State Association of Elee-
trieal Contractors and Dealers

The persons consulted as technical advisers were as
follows:

V. H. Tousley, Chicago, Electric Field Engineer, National Fire
Protection Agsociation

W. 8. Wilder, Milwaukee, T. M. E, R. & L. Co.

C. T. Reisz, Chicago, Western Union Telegraph Co.

George Crowel], Milwaukee, Engineer, Wisconsin Telephone Com-

pany
W. E. Gundlach, Milwaukee, Engineer, T. M. E. R. & L. Co.
John Sargent, Green Bay, Engineer, Wiscongin Public Service Cor-
poration
E. O. Herzberg, Milwaukee, Manager, Milwaukee Braneh of the
Electrical Contractors and Dealers Association
R. E. Purucker, Wiscongin Public Service Commission

The final formal hearing was held at Madison on Au-
gust 28, 1934, at which time the committee made a report
to the two commissions. After fully considering the com-
mittee’s recommendations, the attached code was adopted
by the Industrial Commission September 7, 1934. The offi-
cial publication of this action of the Industrial Commission
took place in the official state paper on September 15, 1934
and hence became effective thirty days later; namely, Octo-
ber 15, 1934. The Public Service Commission’s order be-
came effective ag of the same date.

LOCAL ELECIRICAL REGULATIONS

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

However, nothing in this Electrical Code shall be under-
stood to Hmit the power of any village or city to enact and
enforce additional or more stringent local regulations, pro-
vided the same do not abridge or conflict with this code or

any other orders of the Industrial Commission. A number’
of cities already require interior wiring to be done in’ con-.
duit for a larger variety of buildings than this code does;:’

and where such is the case the local regulation must be m
In other words, the State Electrical Code sets forth:t
minimum construction requirements

for the entire sféte,
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]9ut where local regulations are more stringent, in whole or
in part, thga additional local requirements must also be met

Less.strlngent local regulations are held to be amended
or modified by similar orders of the Industrial Commission.

STATUTES AFFECTING INTERIOR WIRING, TRANSMISSION
LINES, ETC.

Section 167.16 of the i i
garding closteio woiim Statutc_es requires the following re-

Regulation of Electric Wiring. 167.16
made the duty of every contractor and other person who
does any el-ectric wirlng in this state to comply with
t?r}e Wlsconsm state electrical code, and the company fur-
nlshln_g the electrical current shall obtain proof of such
: comphance be:fore furnishing such service; provided, that
. nothing t_hel:reu'l contained ghall be construed as prohﬂ,oiting

any municipality from making more stringent regulations
than those coptained in the above mentioned code. Proof
of suc]q qomphance shall consist of a certificate furnished by
a. munlclp_al or other recognized inspection department or
d_ﬁi_cer, or if t:here is no such inspection department or officer
;;I_f;_shal_l consist of an affidavit furnished by the contractor
or: other person doing the wiring, indicating that there has

(1) Ttis hereby

bee( such compliance.

2): Any person who shall violate the g

2) A rovis i

tion: S%il'aﬂ be deemed guilty of a misde%leangglﬁlgfsilgﬁ

o punished by a fine of not less than twenty-five dollars

nor more than one hundred dollars, or by imprisonment in
t jail not less than thirty days nor more than six

following forms of affidavit, one fo
lowing ( s rm for the con-
d ne .f.or the electrical inspector, are suggested.

FORM OF AFFIDAVIT TO BE U
_ SED
ELECTRICAL INSPECTOR o

.

o , do hereby certif
1y apy ngﬁe%,Ianliﬁed and acting electricaﬁ
't tha ave inspected the T i
rle wiring ingtalled by, _.______ (i Howing
oo on the premises oceu _i;a-.k;_
and located at No. P y




Street, in said City, and that said wiring

complies with the Wisconsin State Flectrical Code.
Deseription of wiring inspected, oo - [,

Electrieal Inspector.

SUGGESTED FORM OF AFFIDAVIT TO BE USED BY
ELECTRICAL CONTRACTOR

STATE O0F WISCONSIN
COUNTY OF___ ———__

, being duly sworn on oath,

says that he is the person who* - the following
e*#

deseribed work of wiring for electricity in th
, oceupied by ooy

County of o _
gaid described electric wiring at the location above was

dome g0 as to comply, and does comply, with the Wisconsin
State Hlectrical Code, and that this affidavit is made pur-
suant to and in compliance with the provisions of gection

167.16 of the Statutes.
Description of wiring done oo

(Signed) — -
Qubsecribed and sworn to before me,
this ____dayof o~ , 19,
Notary Public, - —.___ County, Wis.

“Qid” or “supervised.”  *¥ Specify resi-

* Space left for the word _ 3
¢h wiring was done. ***1In vil-

.dence, barn or other building in whi
lages and cities ingert street and number and

In unincorporated terri

Some of the other laws that have a bearing on _el_e_c't_:i_'_i'p
.construction and safety are as follows: R R

name of city or village:
tory insert section number an_c_l name_of_. town.
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Section or Chapter

Laaws of 1983 Subject Matter
Chapter 101_______________ Creation and duties of Industrial Comm,
Chapter 102_______________ Workmen’s compengation act
Chapter 195 and 196...._. _.Creation and duties of Public Service

: Commission

Section 86.16______.______. Poles .on highways
Section 180.17_ . ______. Transmission lines
Seetion 180.18_____ . _____. Wires over railroads
Section 196.67_____________. Transmission lines and warning signs
Bection 19674 ___________ Safety and Interference
Sections 343.17 and 3438.33__Diversion of current
Section 343,724_____________ Poles on private property
Section 348.43_____________. Injury to property

. Section 348.38_____________. Injury to wires

OTHER INDUSTRIAL COMMISSION PUBLICATIONS

Thg following publications will be furnighed on request
by the Industrial Commission:

1é:'mméb1e-Liquids Code
Building. Code (Issued and sold by Bureau of Purchases)

SENFORCEMENT

plication of inspection, the enforcement of
been divided between the Public Service Com-
ndustrial Commission as follows: '
rvi Commission will inspect the properties
5 wh h_,_ in the main are covered by Parts 1,
- trial Commission and local inspection
ents will enforce Parts 3 and 6. :

I _g_":'i'}e__\_riée(:i 1934,
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INTRODUCTORY PART

GENERAL REQUIREMENTS, DEFINITIONS,
GROUNDING METHODS

Order 1000. Scope of Code.

This code ghall apply as minimum fire and safety re-
quirements for the construction and installation of all elec-
trical, communication, signal, radio and lightning rod equip-
ment; and the operation of electrical equipment and lines.

SECTION 101. GENERAL REQUIREMENTS

Order 1010, Character of Construction, Maintenance and
Operation.
ATl electrical equipment and lines shall be of such con-
struction, and so installed, operated and maintained as to
minimize the life and fire hazard.

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

Order 1011.
Methods.
(A) Materials. No materials, employed in construction
covered by this code, shall be used which have not been ap-
proved by the Industrial Commission or Public Service
Commission.

Use of Approved Materials and Construction

Exception: Materials which comply with the requirements of this
code are hereby approved.

Note: Ti will be the policy of the administrative authority to ap-
prove materials, devices, and systems which are listed as standard by
the Underwriters’ laboratories if they do not conflict with the re-
quirements of this code.

(B) Methods of Installation. No methods of installing

electrical materials or devices in construction covered by
this code shall be used which are not approved by the_ Indus~. R

trial Commission or Public Service Commlsmon

Exception:
guirements of this code are hereby approved.

Methods of installation which comply w1th the re-”
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Order 1012. Inspection and Repairs.
All construction shall be ingpected from time to time,
cleaned- when necessary, and if defective shall be promptly

repaired or permanently disconnected. (See also Orders
1211 and 1213)

Note: Repairs, additions and changes to electrieal equipment and
conductors should be made by properly gualified persons only.

Order 1013. Application of Orders.

" (A) Waiving Orders. The Orders are intended to ap-

ply to all installations except as modified or waived by the

proper administrative authority or its authorized agents.
~ They are intended to be so modified or waived in particular
- cases wherever any rules are shown for any reason to be
mpracticable, such as by involving expense not justified by
the:protection secured; or if equivalent or safer construe-
tion iy secured in other ways.
S(BY: 'A’p’plicat@lon The intent of the Orders will be rea-

1 advantage of construction in com-
r0v1d1ng the eXlstmg construc’clon

he: failure ‘of thé-"employer to
any Ia_,wful order of the in—

v
res Y where provided by the employer, or
7 sults from the employee’s willful failure to
bie rijl adopted by the employer for the safety of

. es ts from the intoxication of the employee,
n and’ deat beneﬁt provided herein shall be reduced

I stallatwns It will sometimes be
T i dlfy or waive certain of the rules in case of
af, ns or installations which are shortly
“or: reconstructed. Such temporary.con-
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struction may be used for a reasonable length of time pro-
vided it is under competent supervision while it or adjoin-
ing equipment is alive or if it is protected by suitable bar-
riers or warning signs when accessible to any person, with-
out fully complying with this code; but all such construction
ghall be made reasonably safe.

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

(F) Emergency. In case of emergency or pending de-
cision of the administrator, the person responsible for the
installation may decide as to modification or waiver of any
rule, subject to review by proper authority.

SECTION 102. DEFINITIONS OF SPECTAL TERMS

Order 1020. Definitions.

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

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

(2) Administrative Authority means the Industrial
and/or the Public Service Commission.

(8) Adjustable Speed Motor means one in which the
speed can be varied gradually over a considerable range,
but when once adjusted remains practically unaffected by
the load, such as shunt motors designed for a variation of
field strength. ' e :

(4) Alive or Live means electrically connected to a source
of potential difference, or electrically charged so as to have

a potential different from that of the earth. The term -

“live” is sometimes used in place of the term “current-cat-

rying” where the intent is clear, to avoid repetitions of the '

longer term.

(5) Antenna Conflict means that an antenna or its guy -

wire is at a higher level than a supply or communication
conductor and approximately parallel thereto, provided the

ELECTRICAL CODE—ORDER 1020 17

brealfing of the antenna or its support will be likely to re-

sult in contact between the antenna or guy wire and the

supply or communication conductor.

(6) Appliance. Appliances are current-consuming equip-
ment, fixed or portable; for example small heating, cooking
and motor-operated equipment.

(7) Armored Cable is flexible metallic tubing in which
the conductors have been inserted in the process of manu-
facture. :

(8) _Approved means acceptable to the administrative
authority enforeing this code. (See Order 1011)

(9) Authorily (See administrative authority).

: (_10) 'Automatic meang self-acting, operating by its own
: n;gg_:hamsm when actuated by some impersonal influences
as, :for__ example, a change in current strength., Not man-
‘ual; without personal intervention. Remote control that re-
s persc_)nal intervention is not automatic, but manual,
._1_1) Automqtic Fire Door. One which closes automat-
1y by means of a device operated by heat.

2)B neh Circuit means that portion of a wiring sys-
em extep nfg’ bey_qr_id the final automatic overload protec-

uity supplying energy
es or to attachment
enience “‘outlets,
d appliarices and
e circuit; such

structures by unpierced

sure designed either for
_ Qr(_)_\rlded with a frame, matt
hdlng doors are placed. (see

leans a stranded conductor (single-conduct-
ibination of conductors insulated from one
e-eonductor cable).

nieans in general a conductor, or system of
ne d equipment designed to carry an
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(17) Cireuit-breaker means a device designed to open
under abnormal conditions a current-carrying circuit with-
out injury to itself. The term as used in this code applies
only to the automatic type designed to trip on a predeter-
mined overload of current.

(18) Climbing Space means the vertical space regerved
along the side of a pole or supporting structure to permit
ready access for linemen to equipment and conductors lo-
cated thereon.

(19) Common Use means simultaneous use by two or
more utilities of the same kind.

(20) Communication Lines means the conductors and
their supporting or containing structures which are located
outside of buildings and are used for public or private sig-
nal or communication service and which operate at not ex-
ceeding 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. When operating at less than 150
volts no limit is placed on the capacity of the system.

Telephone, telegraph, messenger-call, clock, fire or police
alarm, and other systems conforming with the above are in-
cluded. ‘

Lines used for signaling purposes, but not included un-
der the above definition are considered as supply lines of
the same voltage and are to be so run. : IR

Exception is made under eertain conditions for communication
eirenite uged in the operation of supply lines. ~ {See order 1288).

Communication lines earrying not more than two cirenits
ysed mainly for local telephone or telegraph service, or for
police or fire alarm service are referred to as minor com-

munication lines.

(21) Concealed means rendered inaccessible by the
structure or finish of the building. Wires in concealed race-
ways are considered concealed, even though they may be-

come accessible by withdrawing them.
(22) Conductor means a metallic conducting material,

usually in the form of a wire or cable, suitable for carrying

an eloctric current. In this code when conductors of the

bus-bar type are referred to, they will always be designated

as bus-bars.

(23) Conductor Conflict means that a conductor is_" 50511;— :
uated with respect to a conductor of another line at a low-:"
er level that the horizontal distance between thér__fl_’r_ _1'_s'__'1=és_s_ E

than the sum of the following values.
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(a) Five feet, plus

(b) One-half the differen f
oTe COmOREs. Dl ce of level between the conduct-
(e) The value required in Tables 6. 7 y
] ; 6, 7 and 8 of Order 1
for horizontal separation between conductors on thirsazri))lz

support f i - .
COiEerne d(?r the highest voltage carried by either conductor

(24) Conduit means a tube or d i
uct especially const
for the purpose of inclosing electrical conductgrs?ns rueted

By rigid steel conduit is meant a tu i
thrgaded gnds, for electric wires and CEIEII:'SF ﬁfi;vgya‘zétrh
rosion resistant coating on all surfaces, excei)t threads anci
a 1_1_n1f0rm1y gmooth interior coating of enamel or like, m
terl_a,lj, made qf mild steel pipe of circular cross section ha?r:

%hwgéls which in the various electrical trade sizes cémply
_\.1513105;0_3 '.e:;_“:ntr:lgasurements and weights set forth in Order
_ ible metallic conduit is a flexible rac i
Cros sectior_l_'_ (—::s'pecially constructed for theegual?;a(?s:fecgf“c;}ealf

ng. drawing in or withdrawing of wires and cables

and ity fittings are in place, and is made

teel with metallic corrosion re-
id"and with interlocking edges.

elec-

e designed for sur-

d  ha _sv_vi_nging or sliding
rectly to and telescoping with the
(See cabinet)
.. A well grounded network of
formed . by connecting together within
Le tral conductors of a low-voltage

em,. ..

a.n_s_.f_;ji? from any electrical connection to
:d§ erence and from electric charge:

fferent from that of the earth, The

ith reference to current-carrvi
i A g Tyin
eg alive, ving parts
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(31) Demand Factor means the ratio of the maximum
demand of the system, or part of a system, to the total con-
nected load of the system or part of a system under con-
sideration.

(82) Disconnector-Disconnecting Switch meansg a
switeh which is intended to open a circuit only after the
load has been thrown off by some other means. (See Defl-
nition of Switch)

Note: Switches designed for opening loaded circuits are usually

installed in eircuits with diseonnectors, to provide a safe means for
opening the circait under joad. [See (58) Isclating Switch]

(38) Diversity Faclor means the ratio of the sum of the
maximum power demands of the subdivisions of the sys-
tem, or part of a system, to the maximum demand of the
whole system, or part of the system under consideration,
measured at the point of supply.

(34) Duct means (in underground work) a single tubu-
lar runway for underground cables.

(85) Dust-tight means so constructed that dust will not
enter the incloging case.

(36) Electrical Metallic Tubing is a thin-walled steel
raceway of circular cross-section, constructed for the pur-
pose of pulling in or withdrawing wires after it is installed
in place, coated inside and out to be corrosion resistant and
connected by means of threadless fittings. .

(87) Electrical Supply Equipment means equipment
which produces, modifies, regulates, controlg, or safeguards
a supply of electrical energy. Similar equipment, however,
ig not included where used in connection with signaling
systems under the following conditions:

(a) Where the voltage does not exceed 150.

(b) Where the voltage is between 150 and 400 and the
power transmitted does not exceed 8 kilowatts. (See defini-
tion of Utilization Equipment) _ '

(88) Electrical Supply Lines means those conductors
and their necessary supporting or containing structures
which are located entirely outside of buildings and are used
for transmitting a supply of clectrical energy. (See Defini-
tion of communication lines)

Railway signal lines of more than 400 volts to ground are

always supply lines within the meaning of these rules, and
those of less than 400 volts may be considered as’ s’t_lp_ply o

lines, if so run and operated throughout.

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

(89) Electrical Supply Stalion means any building,
room, or separate space within which electrical supply
equipment is located and the interior of which is accessible,
as a rule, only to properly qualified persons.

This includes generating stations and substations and
generator, storage battery, and transformer rooms, but ex-
cludes manholeg and isolated transformer vaults on private
premises. (See definition of transformer vault)

(40) Enclosed: See incloged.

(41) Eaplosion-Proof. Explosion-proof means inclogsed

in a case which is designed and constructed to withstand an
explosion of a specified gas or dust which may occur within
it, and to prevent the ignition of the specified gas or dust
rrounding the inclosure, by sparks, flashes or explosions
f the specified gas or dust which may ccecur within the

) Eaposed {applied to circuits or lines) means
sition that in case of failure of supports or in-
contact with another cireuit or line may vesult.
FExnosed (applied to equipment) means that an ob-
inadvertently touched or approached
tan “any persom. 1t is applied to

d' plant, or by a sub-
rmitting access from

éE_'l,E.T_l_'S a 'system having a perma-
rical connection to earth. This
‘at one or more points.

in nsed, means a connection to earth of
'_aqd high current-carrying capacity to pre-

he ground wire from eausing a harmful voltage
: g;rqun_ded conductors and neighboring exposed
ieh sre in good contact with the earth, or with
the ?arth itself, under the most severe con-
o aiige in practice,
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(47) Guarded means covered, shielded, fenced, inclosed,
or otherwise protected, by means of suitable covers, cagings,
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 otherwise protected, are not considered
as guarded. (See Definition of Insulated)

(48) Hondhole means an opening in an underground
gystem into which workmen reach but do not enter.

(49) Houschold Appliances means flatirons, washing
machines, toasters, percolators, vibrators, heating pads and
other portable current consuming devices intended for use
in the home and similar places.

(50) Huazordous Localion means premiges, locations,
rooms or portions thereof in which (1) highly flammmable
gases, flammable volatile liquids, mixtures or other highly
flammable substances are manufactured or used or are
stored in other than original containers; or (2) where com-
bustible dust or fiyings are likely to be present in quanti-
ties sufficient to produce an explosive or combustible mix-
ture; or (3) where it is impracticable to prevent dust from
collecting in such quantities on or in motors, lamps or
other electrical devices that they are likely to become over-
heated because normal radiation is prevented; or (4) where
easily ignitible fibres or materials producing combustible
flyings are handled, manufactured, stored or used.

(51) Hoistway means a hoistway in any shaftway,
hatchway, well-hole, or other vertical opening or space in
which an elevator or dumbwaiter is designed to operate.

(52) 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 accumu-
lation of flyvings or dust nor transmit sparks or flying par-
ticles to the accumulations outside.

(53) Insuluted means separated from other condueting
surfaces by a dielectric substance or air space permanently
offering a high resistance to the passage of current and fo
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 subjected. Otherwise, it iz within the purpose of these rules, un- .\ -
insulated. Insulating covering of conductors is one means of mak-

ing the conductors insulated.

(54) Imsulation (when applied to a materlal or: devxce._:'.':_:..'
such as the covering of a conductor or fo clothmg, guards
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rods, and other safely devices) means that the material or
device, when interposed between a person and current-car-
rying parts, protects the person making uge of it against
electric shock from the current-carrying parts with which
the device is intended to be uged. (The opposite of conduet-
ing).

(55) Isolated means that an object is not readily acces-
sible to persons unless special means for access are used.
(8ee Definition of exposed.)

(56) Isolation by Elevation means elevated sufficiently
so that persons may safely walk underneath. (See Defini-
tion of exposed.)

(67) Isolated Plant. A private electrical installation de-
riving energy from its own generator driven by a prime
mMover.

_ (68) Isolating Switch. A switch intended for isolating
a circuit Trom its source of power. Tt is to be operated only
when the circuit has been opened by some other means,
(See (SZ)MDISCOHHGC’EOT)

59) J 'rLi: Use means simuitaneous use by two or more

"'i_n a general horizontal direction at
al- direction of the line conductors.
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of installing cables, transformers, junction boxes, and oth-
er devices, and for making connections and tests.

(66) Manual means capable of being operated by per-
sonal intervention,

(67) Master Service means the service conductors sup-
plying a group of buildings under one management.

(68) Minor Communication Lines. Lines carrying not
more than two circuits used mainly for local telephone or
telegraph service or for police or fire alarm service are re-
ferred to as minor communication lines.

(69) Minor Tracks means railway tracks included in the
following Hst:

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

(b} Branches on which no regular service iz maintained
or which are not operated during the winter season.

(c) Narrow-gauge tracks or other tracks on which
standard rolling stock cannot, for physical reasons, be op-
erated.

(d) Tracks used only tempora.rlly for a period nof ex-
ceeding one year,

(e) Tracks not opera.ted as a pubhc utility, Such ag in-
dustrial railways used in logging, mining, ete,

(70) Motion Picture Studio. Any building or portmn
of a building in which motion picture films are manufac-
tured, developed, printed, rewound, repaired, stored or
otherwise exposed.

{(71) Motor-Cirewit Switch. A switch intended for use
in a motor-branch-circuit. It is rated in horsepower and
is capable of interrupting the maximum operating overload
ecurrent of a motor of the same horsepower rating at the
rated voltage. The maximum operating overload current
of A. C. motors is gix times the rated current, and of D C.
motors is four times the rated current.

{(72) Moveble Equipmeni means electrical apparatus
which is heavier than portable equipment as defined below,
but which, nevertheless, is designed to be transported from
place to plaee for use; equipment which is stationary when

in use, but is deqlgned for being transported from ]Ob to

job. (See Definition of Portable Equipment.)

(78) New Construction means all new electrical mstalla? :
tions and all extensions and renewals which constltute a

substantial portion of the installation.
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(74) Open Wires means overhead wires not in conduits
and consisting of single conductors or of individual twisted
pairs, as opposed to multiple conductor cables.

(75) Outlet means a point on the wiring system at which
current is taken to supply fixtures, lamps, heaters, motors
and current-consuming devices generally.

(76) Panelboard means a single panel, or group of panel
units designed for assembly in the form of a single panel,
including busses and with or without switches and/or auto-
matic overload protective devices for the control of light,
heat, or power cireuits of small individual as well as aggre-
gate capacity designed to be placed in a cabinet or cutout
box placed in or against a wall, or partition, and accessible
- only from the front. (See definition of switchboard).

(77) Permanently Grounded means such an effective

connection to the earth (by means of an underground sys-
tem of metallic pipe mains or other suitable means) ag de-
scribed in Definitions of Grounded and Grounded System.
... (T8) Pole Face means that side of a pole on which cross-
rms are attached, or which is so designated by the com-
anies owning or operating the pole.
79) Portable Applionce means small electrical appara-
‘such as grinders, drills, etc.,, which are supplied with
rent from a portable conmection; apparatus which can
sily moved ahout or lifted and is intended to be so han-
vhen in use; does not include household appliances as
erem (See movable equlpment)

ceway means any channel for loosely holding
bles in interior work which is designed expressly
ed solely for this purpose. Raceways may be of
(if spemﬁcally permitted) or insu]ating ma-

3: Capable of being reached
;- renewal or inspection, without re-
ready access iz requisite to climb
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over or remove obstacles or to resort to portable ladders,
chairs, ete.

(84) Reconstruclion means rebuilding or remodeling an
existing installation, but does not include ordinary mainte-
nance replacements. (Reconstruction of a substantial por-
tion of an installation is New Construction). (See Defini-
tion of New Construction)

(85) Rural Districts means all places not urban, usually
in the country, but in some cases within city limits. (See
Definition of Urban Districts)

(86) Sag—Apparent sag of ¢ spon means the departure
of the wire in a given span from the straight line between
the two points of support of the span at 60° T., with no
wind loading. Where the two supports are at the same level
this will be the normal sag.

(87) Seg—Apporent sag ol any point means the maxi-
mum departure of the wire at the particular point in the
span from the straight line between the two points of sup-
port of the span, at 60° F., with no wind loading.

(88) Sag—Normal seg means the difference in elevation
between the highest point of support of a span and the low-
est point of the conductor in the span (or in the curve of
the conductor in the span produced) at 60° F., with no
wind loading.

(89) Sealuble Equipment. Equipment inclosed in a case
or cabinet that is provided with means for sealing or lock-
ing so that live parts cannot be made accessible without
opening the inclosure. The equipment may or may not he
operable without opening the inelosure.

(90) Secondary Neutral Grid. A well grounded net-
work of neutral conductors formed by connecting together
within a given area all the neutral conductors of individual
transformers secondaries of the supply system.

(91) Service. A service is the conductors and eguip-
ment for delivering electrical emergy from. the main or
feeder or from the transformer to the wiring system of a
building. _

(92) Service Conductors. That portion of the supply
conductors which extends from the street main or duct or
from transformers to the service equipment of the building
supplied. For overhead conductors this includes the con-
ductors from the last line pole to the service equipment.:: -

(93) Service Drop. That portion of overhead service

conductors between the pole and building and extending to. -
the junction with the service entrance conduetors: -
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(9_4) Service Entrance Conductors. That portion of
service conductors between the terminals of service equip-
ment and a pogint outside the building, clear of building
walls, Where; Joined by tap or splice to the service drop or
to street mains or other source of supply.

there servicg equipment is located outside the building walls, there
may be no service entrance conductors t i
Y e s , or they may be entirely out-

(95) Service FEquipment. The necessary equipment
usually gonsisting of ecircuit-hbreaker or switch and :Euses’
_ a_,J_f_ld their accessories, located near point of entrance of,
... supply conduetors to a building and intended to constitute
h -main control and means of cutoff for the supply to the

Se'r’v’{ce Baceway. The rigid steel econduit or elec-
metallic tubing that incloses service entrance con-
97) Service P_@'pe. The conduit or pipe that contains
d'service conductors and extends from the junc-
( ts € '_su;oply__wir_es_ into the consumers premises.
Cabl Service conductors made up in the

qu [n general, recom-
-print notes or paragraphs

-.-(as applied to a pole line)

tuated with respect to a second
urning (at the ground line) of the first
contact between its poles or conductors

5 are on bpposite sides of a highway, street or
a.tg(i: Oy _a__c_i_lstgnce not less than 60 per cent of
r:pole a_nd- not less than 20 feet.

's_'_so constructed and arranged as
h-_apd fll}rability for the service
he prevailing conditions.
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(104) Switeh means a device for opening or closing or
changing the connection of a cirenit. In these rules, a.
switch will always be understood to be manually operated.
unless otherwise stated. ’

(105) Switchboard (Supply Station Switchboard) means
a large single panel, frame, or assembly of panels, on which
are mounted, on the face or back or both, switches, over-
load and other protective devices, busses, and usually in--
struments, Switchboards are generally acceseible from the
rear as well as from the front and are not intended to be
installed in cabinets. (See Panelboard.)

(108) System Ground Conductor: An auxiliary, well
grounded conductor used for connecting together the indi-
vidual grounding conductors throughout a given area, but
which is not a part of a circuit wire.

(107) Tags means tags or other markers of distinetive
appearance, indicating that men are at work on the eguip-
ment or lines so designated.

(108) Totally Inclosed Motor. A motor which is so com-~
pletely enclosed by integral or auxiliary covers as to prac-
tically prevent the circulation of air through the interior.
Such a motor is not necessarily air-tight.

(109) Transformer vault means an isolated, fireproof in~
closure, either above or below ground, in which transform-
erg, and the devices necessary for their operation, are in-
stalled and which is not continuously under attendance dar-
ing operation.

(110) Urban Districts means thickly settled areas,
whether ingide city limits or not.

(111) Utilization Equipment means equipment, devices,
and connected wiring, which utilize electrical energy for
mechanical, chemical, heating, lighting, testing, or similar
purposes and are not a part of supply equipment, supply
lines or communication lines. (See Definition of Wleéctrieal
Supply Equipment.) I

(112) Vapor-tight:
ter the inclosure,

(118) Ventilated: Provided with a means to permit cir-
culation of the air sufficiently to remove an excess of heat,
fumes or vapors. '

9p inclosed that vapor will not en-

(114) Vertical Conductor means, in pole wiring W_O_I‘k; a

wire or cable extending in an approximately vertical direc=-

tion. (See Definitions of Lateral and Line Conductors.)
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(115) Voltage (of a circuit): 'The greatest effective dif-
ference of potential between any two conductors of the cir-
cuit eoncerned.

On various systems such as 3-phase 4-wire, single phase 3-wire,
and 3-wire direct current, there may be various circuits of varicus
voltages.

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

Note: - Direct connection implies electrical connection as distin-
guts_hed from conmection merely through electromagnetic or electro-
static induetion.

‘ (118) Voltage to Ground: The voltage between the
given conductor and that conductor of the circuit which is
grounded; in ungrounded circuits, the greatest voltage
between the given conductor and any other conductor of
- the eircuit.
et e Waterproof means so constructed or protected that
are with its successful operation.

applied to the protective cover-
sovering made up of braids of
saturated: with a
: ve  been

‘Wwire gauge
“Sharpe (B. & 8.),

apply to where and how sup-
I stems, equipment, arresters,
it, or other metal raceways, and the like
\ -he’n_ uch grounding is intended as &
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) : Order 1031. Grounding Electric Systems,.
Additional (A) Direet Current. (1) Two wire direct-current sys-
tems supplying inferior wiring systems and operating at
not to exceed 300 volts between conductors shall be grounded
on one conductor at the supply station but not at individual

permanent and effective protective measure.
requlrements and information will be found in the follow—
ing orders:

Grounding supply equipment in supply stations___Order 1123

Grounch:ng equipment during repairs ... .. QOrder 1123C services or elsewhere on the interior systems.

Grounding machine frames in supply stations__.._Order 1132 -

Grounding instrument transformer circuits____.__ Order 1151 It is recommended that such 2-wire direct-current systems operat-

Grounding transformer cases in stations____.. ...~ Order 1152 ing at more than 300 volts between conductors be grounded if a

Grounding deviees o Order 1173 neutral point can be established such that the maximum difference of

Grounding noneurrent carrying parts of switches, - potential between the neutral point and any other point on the sys-
ete. Order 1177 tem does not exceed 300 volts. It is recommended that 2-wire direct-

Grounding switehboards . .. Order 1185 current systems be not grounded if the voltage to ground of either

Ground for temporary grounds._________________ Order 11858

Grounding lightning arresters ___ . o __ Order 1193

Using ground as part of the eircuit o ________ Order 1215C

groun?ng Pfins_ P Order 10211?;? iggE;B systems shall be grounded on the neutral at one or

rounding of viser pipes . o -

Grounding communication cireuits and equipment.Order 1360.05 ply Statmns but not at individual services or else-

Grounding lines .. Order 1423F

Malking protective grounds _ .. o _____ Order 1424 B): (1) Secondary alternating

Grounding metal supports on roofs . Ol:gdef igé‘i? uting systems supplymg wiring systems serving util-

Radio ground connections . ______.__ ec. . ; .

Grounding of lightning vods _ . e ___ Order 1617 B ent shall be glounded if they can be so

Additional references to other orders referring to ground-
ing will be found in the orders which follow, for example,
in Order 1033.

These orders do not apply to the grounded return of elec-
tric railways, nor to the grounding of lightning protection
wires.

(B) Where wiring systems, circuits, equipment, arrest-
ers, cable armor, conduit, or other metal raceways, and the
like, are grounded as a protective measure, the grounding
shall be o arranged that there will be no objectionable
passage of current over the grounding conductors.. The
temporary currents set up under accidental conditions,
“while the grounding conductors are performing their in-
tended protective functions, are not to be considered as ob-
jectionable. Where an objectionable flow of current oceurs
over a grounding conductor, due to the use of multiple Feewir Systems the ground con-
grounds, (1) one or more of such grounds shall be aban- ' _' e bonductor common o both
doned, or (2) their location shall be changed, or (3) the = 3 p
continuity of the conductor between the grounding connéc- .
tions shall be suitably interrupted, or (4) other means sat-
isfactory to the authority enforcing this code shalI be taken'_'_: :
to limit the current. PEEI

1_1 neutral pomt of each phase.
three-wire; delta systems, the ground
[¢ o1 One cqnductor or on the neutral
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Where the ground is made to the neutral point of one
not extended to a building gervice, two ground
laced at the pole with the

Note:
phage and the neutral
wires and two ground clectrodes shall be p

transformer.

(¢) Where one phase of a two or
used for lighting, that phase ghall be
neutral conductor, if one is used.

(f) In three-phase, three-wire or four-wire, star con-
nected systems, the ground connections shall be made at the
point common to all the phases.

(3) Interior wiring gystems shall be grounded at the
service entrance when such grounding results in voltages
to ground not to exceed 300 volts.

(a) For an interior system not electrically connected to
an exterior secondary distribution system, the grounding
connection shall be made at the transformer, generator, or
other source of supply,

supply side of the first switch controlling the system. o

(b) In a property comprising more than one building
under single management such as a farm or institution and
served by a master switch, the interior wiring systems and:
the metal raceway system if used
shall be grounded together at the entrance

buildings. - .
Note: See See. 130.5 fo;'__w_iril_l'g'_m‘etho_d._ _

(e) For alternatihg—burreﬁf interior wiring systems the

conductor to be grounded shall be as follows:
1. Single-phase, 2-wire: the identified conductor.
9. Qingle-phase, 3-wire: the sdentified neutral conductor.
8. Multiphase systems having one wire common
phases: the jdentified conductor.
4. Multiphase systems hav

identified conductor.

three phase system is
grounded and at the

to the various

5. Multiphase systems in which one phase is used as iri-_
One phase only can

(2) ; the identified neutral conductor.
be grounded.

Note: The identified conductor is ¢
wire™.

ommonly known as “the whiti

system shall be made at one point only within a buildin
(e) Where transformers supply a common set of digtri
bution mains, such fuses as are installed shall be so place
a8 not to leave any portion of the secondary system with
grounding protection after the fuses have opened.

or at the switchboard and on the :

in the various buildings.

to all _'

ing one phase grounded: the

(d) The grounding connection for an interior wiring:
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(f) Electric furnace circuits need not be grounded.

‘(g) In the. abgence of a direct ground eonnection at all
building servieces, ground connections shall be made to the
grounded neutral or other grounded conductor of a second-
arsf.system supplying more than one utilization equipment
?.t mterv_als that will fulfill the resistance and current carry:
ing requirements of Order 1035,

Note:
services.

This is to take care of older installations without grounded

_ (C). Lightning Arresters and Ground Detectors. TFor
hght.mng arresters and ground detectors the ground con-
nectlon. shall be at such a point that the grounding con-
ductor is as short and straight as practicable, and free from
sharp hends.

Order 1032. Grounding of Conduit and Other Metal Race-

: ways or Inclosures,
“~Note: For special requirements in hazard i
tion 133.2. See See, 130.5. ous locations see Sec-

A) M_etal conduit, cable armor, and other metal race-
ays or nj.closures for wires, shall be grounded, whether
the. contained interior wiring system conductors are
unded or not, unless in runs of less than 25 feet which
Aree ._f_rom contact with ground or grounded metal, and
here situated within reach from grounded surfaces, are
g:a.l_nst contact by persons. See also 1350.02.
_Service raceways and service cable sheaths and/or
ng Sl__l?.ll b_e grounded. Where there are meter cabi-
_ ﬁ ings interposed in the service run, the sections
eway or sheath or armor shall, unless threaded con-
re employed, be bonded fogether by means ap-
or the purpose. Service conduit or metal pipe from
ound supply is considered to be grounded if it con-
sheathed cable bonded to a continuous under-
al sh th_e_d cable system. (See Order 1304.04j.)
or: of service cable from underground
1 _(_);__be grounded if it is metallically con-

underground metal sheathed cable

ntinvous

_cable armor, and other metal race-
wires, ghall be metallically joined to-
lectrical conductor. In wet loca-
-and all outlet and terminal fit-
In dry locations, such boxes, ete.,
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shall be grounded unless kept free from contact with for-
eign metal other than short runs of isolated conduit, ete.,
as provided in paragraph (A) of this Order. Metal boxes,
cabinets and fittings, if metallically connected to grounded
conduit or other metal raceway, are congidered to be
grounded by the connection to the raceway or armor.

Note: It is reecommended that where knob and tube wiring or
non-metaliie sheathed cable it used, these boxes, ete., be kept clear of

metal lathing by cutting away the metal lath for a sufficient distance
around the box.

(D) Where a raceway system contains any conductor at
more than 150 volis to ground, the electrical continuity of
the system shall be assured by one of the following methods

1. Approved threaded fittings with joints made up tight.

2. Approved threadless fittings, made up tight, including
fittings for rigid conduit, electrical metallic tubing, armored
cable, and flexible conduyit,

3. Bonding jumpers of a size equal to that specified for
the grounding conductor for interior conduit (See Order
1036) and with proper fittings.

4. Two locknuts, one ingide and one outside of boxes or
cabinets,

5. Other devices approved for the purpose,

In hazardous locations the locknut bushing and double-
locknut type of contact shall not be depended upon for bond-
ing metal boxes, cabinets, and the like, irrespective of the
voltage of the circuits contained therein but bonding jump-
ers with approved fittings or other approved meang shall
be used. (See section 133.2)

Note: For service entrance conduit see Order 1032B.

(E) TIsolated sections of conduit, cable armor, or other
metal raceway, required in Order 1032 (A) to be grounded,
shall preferably be grounded by interconnecting to grounded
condquit, cable armor, or other metal raceway, or when this
is impracticable, by separate grounding connections.

Order 1033. Grounding of Fixed Equipment. .
(A) Exposed non-current carrying metal parts of fixed
equipment shall be grounded as follows : o

Note: See Order 1030 for further references to the groundi'ri'
fixed equipment, ete.

(1) Metal inclosures for serviee equipment as p vided
in Order 1804.05j. RS
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(2) Generators as provided in Order 1310.06a.

(3) Motors as provided in Order. 1810.06b. {006

{4) Controller cases, as providegi in Order 1'3}1 . C'Wire

(5) Switch and circnit-breaker inclosures Wlt gnyorder
operating over 150 volts to ground, as provided in

12.024d. ‘ . ”

e (8) Switchboard frames, as p1:0v1dgd in Ordefg%i%‘ag(}le.
(7) Lighting fixtures, as provided in Order .lt. i
(8) Arc lamps on circuits in5 S)Z{E)ess of 150 wvolts

d, as provided in Order 1315. b,

gI‘O(gI; Merfury-vapor lamps where within easy reach from

grounded surfaces, as provided in Order 15:15.{?3b. . 150
(10) Electrically heated appliances on cireuits above

volts to ground as provided in Order 1-316.0631. i
(11) Resistors, reactors, and capacitors, as provide

© 1817.01e. . . . .

7 (12) Lightning arresters as provu_led jn 1319.01i. ided

. (13) Tracks and frames of electrie cranes, as provide

der 1330.08a.
’ (01121)e Elevators, as provided in Order 1331.01d and Order

1.04a to e inclusive. ‘ . )

3115) Eguipment in hazardous locations, as provided in
Orders 1832.03p, 1332.040, 1832.060, and 12?)32.06}(). Order
"Equipment in garages, as provided in Or

Motion picture projection equipment, as provided
1885.01e. _ .
tipment in theaters, as provided in Ovder

nid troughs for outline lighting, as provided
1338.064. _ _
vum and inert-gas systems, as provided in Or-

and capacitor cases, except instru-
ag provided in Order 1311.02e and Or-

m t:. (unless suitably isolated) re-
ontinuously wet places.
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(B) Non-current carrying parts of fixed equipment may
1131;15 %rlounded by meta%}cally connecting them to the grounded
etal raceway or cable armor, or otherwise rovided i
Order 1035. (See 1038J.) fs provided i

.(C_) Instruments, meters, or relays which operate with
windings or working parts at 300 volts or more to ground
shall have the cases and other exposed bare metal parts
groul}ded ur_ﬂess isolated by elevation or protected by suit-
able insulating barriers or guards. An exception is made
where th\_e equipment is inaccessible to other than qualified
persong, in which case the above protection is not required
up !:o and including 750 volts. Above 750 vols cagses shall
be isolated by elevation or protected by suitable barriers
_grounded metal, or insulating covers or guards. Where:
mstrmpen_ts, meters, or relays are operated from current or
potential instrument {ransformers on circuits of 300 volts
or more to ground, having ungrounded secondary circuits
and ungrounded primary circuits, the cases and other ex-
posed bare metal parts shall be grounded. See Order
1036(Q).. For exception see 1313.02g.

(D) Fixed non-current carrying parts on poles which
are more than eight feet from the ground such as trans-
former cases may or may not he grounded depending on
the.company’s rules, The company shall follow a stand-
ardized praqtice and make their operating rules conform
to the praptlce adopted. If any portion of these non-cur-
rent carrying parts are located within 8 feet of the ground
they shall be grounded.

Order 1024. Grounding of Portable Equipment.

(4) }?}xposed non-current carrying metal parts of port-
able equipment shall be grounded as follows:

1. Portable motors which operate at more than 150 volts
to ground, as provided in Order 1310.08b.

Note: It is recommended that the fram

\ eg of portable motors
which operate =zt less than 150 volts to ground b X

this can be readily aceomplished. # © grounded when

2. Portable electrically heated appliances operating on

circuits in excess of 150 volts to ground, as provided in '

Order 1316.06a.

3. Portable lamps or other portable current consuming |

appliances in hazardous locations as provided in' Orders
1832.03p, 1332.040, 1332.050, and 1332.06p. LR

4, PO-I‘tablt? apparatus operating at more than BOO:V'o'lts',-
as provided in Order 1338.08e. T
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(B) The grounding of non-current carrying parts of
portable equipment may be accomplished by metallically
connecting such parts to the grounded metal raceway or
cable armor of the circuit supplying the equipment or,
otherwise as provided in Orders 1035A, 1085C, 1035D,

1036K.

Order 1035. Grounding Electrodes,

(A) General. The ground connection ghall be perma-
nent and effective and shall be made as indicated below, but
circuits and equipment shall always be grounded where
required to an extensive continuous metallic underground
water piping systems if they are available.

" Note: “Available” in this rule means ordinarily within 500 feet
“for stations. In interior wiring available means within the building

“served.
(B) Piping Systems. (1) In supply stations, ground
onnections for circuits and equipment shall be made to all
.ilable active extensive metallic underground water pip-
systems between which no appreciable difference of
shtial normally exists, and to one such system if appre-
ple differences of potential do exist between them.
Y In other places circuit and equipment ground con-
ns shall be made to at least one such system.

Gas piping systems within buildings connected to
ous metallic underground exterior systems may be
vound electrode but only when a continuous
itig’ system is not available. Gas piping, how-
derve as the sole ground for small fixtures located
derable distance from water piping. Where gas
the house side of the meter is utilized for ground-
ures, it shall be bonded to the water piping
iy points of entrance and a bonding jumper

und the gas meter. If no water piping
onding jumper around the gas meter ghall
-a:grounding connection is made to gas pip-
1'small fixtures, it shall follow the same
or water-piping, except that the connec-
> made on the street side of the meter.
ot be insulated from otherwise well-

thods. Where suitable extensive un-
g systems are not available, one
i may be employed:
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1. The metal frame of the building when effectively
grounded, ‘

2. An artificial ground whose electrode consists of a
driven pipe, driven rod, or buried plate.

3. An extended system ground wire which ig properly
grounded at a number of points.

(D) Artificial Grounds. When resort must be had to
artificial grounds, the number of erounds shall be deter-
mined by the following requirements.

(1) No more than one such ground is required for light-
ning arresters, except where for large current capacity {See
also Order 1037J).

(2) At least two grounds are required for low voltage
alternating current distribution circuits, one at transform-
ers or elsewhere on the secondary and one at each custom-
er’s service,

Exeeption: When an extended gystem ground wire is uged the

connection at the service entrance shall be made to the ground wire.
Also see (3) below.

(3) Where no part of the circuit or equipment protected
can be reached by persons while they are standing on the
ground or damp floors, or by persons while touching any
metallic piping to which the ground wire is not effectively
connected, a single artificial ground may be used even if the
resistance exceeds that specified in Order 1086F. In such
cases the grounding conductor must be guarded according
to Order 1036P.

(B) Connections to be Avoided and Recommendations.
(1} No electric conductor or noncurrent carrying part of
electric equipment shall be grounded to a small water 8y~
tem, small sewage system, wells, pump casings, small gas
systems, gas tanks, or any small metallic systems, parts of
which are at times in contact with persong or animals unless
a permanently assured ground resistance of less than 8 chms
is obtained.

Note: It is advisable from a safety standpeint to keep lightning
rod grounds free from such metallic structures ag pumps, cow
stanchions, ete. which are frequently in contact with persons or ani-

mals. It is advisable in installations such as farms that the pumip
motor be insulated from the water pump. (See Note under Sec. 130.5):

(2) The grounding conductors for circuits, conduit,

equipment, and the like shall not be connected to lig'htnih'g'f__

rod conductors.

Note: Such grounding conductors and lightning rods shou]d"be
kept at least 6 feet apart. o
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(8) Grounds to Railway Retu_rns. 3a11_s or otheré
grounded conductors of electric raﬂway cu“cu%ts sh.all no
be uged as a ground for other than ra%lway lightning ar-
rester and railway equipment, conduit, armored c_ablei
metal raceway, and the like. In no case sha}l such rails Ol«
other grounded conductors of railway circuits be used for
grounding interior wiring systems other than those sup-
plied from the railway itself.

i rohibi king of drainage con-
Note: This order does not prohibit the ma d»;
nections (which are not protective grounds). hetween piping systems
and railway return cireuits for the prevention of electroiysls‘;;:
i ifici y de on other cireuits neaxr
Where multiple artificial grounds are ma ' :
such railway veturns, they should be so arranged as to pl'event 1Ehe
* flow of any ccnsiderable current in and between guch connections, thus
- yedueing their effectiveness, or causing other damage.

(F) Sizes, Number and Resistance of Grom‘ad E’Ze?tmdesa
'(1) The combined resistance of the grounding wire afn
th connection with the ground shall not exceed 3 ohms for
‘water-pipe connections.

(2) Artificial grounds. . .
'a). Where artificial grounds, plates, or rods are use
(3? 1'12{1 as far as practicable, be embedded below perma-
ent moisture level.
Where buried plates are used they :cshall presant not
112 square feet of surface to extergor_ soﬂ.. If such
es not produce or it is doubtful if it will prodqce
e to ground (grounding wire and connections in-
95 ohms or less, a plate or plates shall be in-
whiich will present not less than 4 square feet to the
l. - Electrodes of plate copper shall be at least
hickness. Electrodes of iron or steel plates
east 14 inch in thickness.
of iron or steel pipe shall he galvanized
ha 34 inch internal diameter. El.ectrodes of
ron shall be at least 34 inch minimum cross
~Approved rods of nonferrous materials
equivalent used for electrodes shall be

ber of electrodes used.

‘here an eight foot rod or pipe can-
w ceiling height and where the base-
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40 ELECTRICAL CODE—OQRDER 1035 . ttch shall be placed in the
. | ¢
E) No automatic cutout or swi ha anless
ment floor level is at least 2 feet below the surrounding outside soil, gréunding conductor of an mt?fc.l%rdwlrolﬁﬁe;ft:flnsources
d ipe dri t depth f b d. : : Wite 18C
: ]ﬁj(;{ce%l:cigrllpze 2%1\{’?’1111@(; armf]f isOfen?:ouelf‘;ce:‘:;g,y r(?d;ls?nay be driven the opening of the cutout or s

obliquely for a length of at least 8 feet or plates shall be used,

Where driven pipes or rods are used, at least one rod
shall be used at each location called for if a resistance of
25 ohms or less can be obtained. Where this resistance
cannot be obtained with one rod, 2 rods or pipes shall be
installed at least six feet apart,

Artificial grounds may be arranged to minimize the po-
tential gradient along the surface of the earth by use of
radial connecting wires underneath the earth surface or by
other suitable means,

Pipes or rods shall have clean metal surfaces and shall
not be covered with paint, enamel, or other poor conducting
materials.

Each artificial electrode used shall be separated at least
six feet from any other electrode, including those used for
signal circuits, radio, lightning rods, or any other purpose.
(Bee 103683)

(d) If the metal frames of buildings are used the ground
connection must be such that there is g resistance to ground
substantially less than 25 ohms.

(e) All single artificial grounds on customers’ premises
shall be tested when installed. All grounds or grounding
systems installed by the utility shall be inspected and/or
tested periodically and if found deficient shall be made to
comply with the requirements of this code.

Order 1036, Grounding Conductor,

(A) A grounding conductor for a direct-current supply
system shall have g current-carrying capacity not less than
that of the largest conductor supplied by the system and
in no case less than that of No. 8 wire. -

(B) A grounding conductor for an alternating current
system shall have a current-carrying capacity not less than
one-fifth that of the conductor to which it is attached and
in no case less than that of No. 8 copper.

{C) The grounding conductor of a wiring system shall
be of copper or other nomcorrodible material. Execept in
case of bus bars the grounding conductor shall be without -
joint or splice throughout its length, o

(D) The grounding conductor of an interior wiring Sys-
tem shall comply, both as to insulation and installation (ex-
cept as otherwise provided in 1036I) with one of the sy
tems of circuit wiring recognized in Section 130.5. -

of FFI‘H)argl.\Ty(-) switch shall be inserted in the grounding con-

i it is in plain sight, and
in supply stations unless it is in plal ‘
gggfr(i)ged Witgpdistinctive marking and effectively isolated
from unqualified persons. tuit and other
(G) The grounding conductor for con 11]1O nd other
: ‘metal raceway or inclosure sor.wmgs;urrr:agth; séparately

gogd - -

-other conductor, msulatgd or aut'e,1 e aai
or.in cable or other wire assembly, or 1t m

ondtii?:iaor steel pipe, except that uéldetr coxildlﬁl(g;s (f;.\;oorgll)aéi
o Gorrosi i uctor sha
o corrosion, such grounding con T e e e
Yo corrodible material and shall m ‘
ﬁionoi'lequirements asg applyhto groulzicgé:lgciigﬁﬁjuggci
or wiring system, The groun

pirﬁterior wiring system shall not be usie‘(li( for
onduit, cable armor, equipment, and the like.

)’”service raceway or service cable armor-
sabinet or cutout box, and (3) in-
S0y cablé’ armor system, are bon_ded
: “clamps, or other devices
: grounding conductor
together, independent

- whichever calls
grounding con-
may be attached
vithout use of knobs,
“éight feet of the
the. grounding con-

meta inelosure of the conductors
vhen such metal inclosure is con-
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nected to the exposed parts of the equipment by approved
fittings.

(2) By means of a grounding conductor run with the
circuit conductors in wire assemblies, when such conductor
is connected to the exposed parts of the equipment and to
the grounded conduit or armored cable system by approved
fittings,

(3) By a separate grounding conductor complying with
1036G and 1036L.

(4) By permission of the authority enforcing this code
other means for grounding fixed equipment may be used.

(K) Portable equipment may be grounded in one of the
three following ways:

For grounding portables in hazardous locations see Section 138.2.

(1) By means of the metal inclosure of the conductors
feeding such equipment, provided an approved multi-prong
plug or equivalent is used, one prong for the purpose of
grounding the metal inclosure.

(2) By means of a grounding conductor run with the
circuit conductors in wire assemblies, provided an approved
multi-prong plug or equivalent is used, one prong for the
purpese of connecting such grounding conductor to the
grounded conduit or armored cable system.

(8) By means of a separate flexible wire or strap, insu-
lated or bare, protected as well as practicable against me-
chaniecal injury.

(I.) The size of the wire, conduit, or steel pipe used as
the grounding eonductor for interior conduit, cable armor,
and other metal raceways or inclosures, shall be not less
than the following:

Capacity of Automatic
Overcurrent Pratective

Device in Clreuit

Ahead of Kquipment, Size of Grounding Conductor

Condulit, ete. Copper Nominal Diameter
Not Exceeding Wire of Conduit or Pipe
(Ampereg) (No.) (Ineh)

14 1%
10 1
8 ¥

6 e

4 %

2 i

0 1
00 1
0on 1

(M) The size of the wire or steel pipe used as the ground- .
ing conductor for service conduit or service cable shall be
not less than the following: -

(See 1036I)

]
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2 ' Gr ding Conductor
Size of Groun llgc_:mina%
Nominal i Copuer Diam, of
ok Séa;lx)rige Wire C‘on)dult C;l])
ggz;]xg‘(:?t Conductors (No.) Ripe 1E{Inc
72 N 1 1) ) S ——— No. 2 or smaller g 1;
11411 ineh e 1or p § o
2ineh - —~ 00 or 000 : %
234 inch ___ 300,040 CD 2 :
2 eh, - _ 500,000 OM o L
3l—4 inch . oo !

Abovedineh oo~

S r grounding portable or pendent eqL.upIr‘lent: the
. coé(l;{z)cti% tg which are protected by fuses or mrqmt—bl eaé:
‘org at not exceeding 15 amperes, No. 18 copper wire rtnfaysed
ded. For grounding portable or pender}t equlpmen][1 1111 ad
for. more than 15 amperes, the table in 10836L sha
fou-g‘;e%&etal boxes, cabinets, and all outlets and termu};siﬁ
-’[:ting"é", when not connected with grounded rnv:?tnald ia bg
heath, conduit, or other raceway, and when requl% e1 : o
rounded, may be grounded in one of the two ollowing

5

grounding conductor run with the circuit con-
wire assemblies.
\i a‘.}:‘;é;arate grounding conductor in»stalle(_I the same
inding: conductor for conduit and the llkg.
wlation and Guarding. (1) The groqndmg con-
ystems when not consisting of or inclosed in
ing’ &hall have an insulating covering on the
ich complies with all requlremen‘ts of t@rus
ré4.of the voltage of the circuit to which

al ‘supply stations, transformer vaults, and
sotinding conduetors may be used.

ond tors- are accessible to un-
“public, or: when exposed to me-
nductors shall be protected by

nding conductors, if laid under-
“hanically. protected, be
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(4) If the resistance of the ground connection is in ex-
cegs of three ohms, the grounding conductors shall be pro-
tected and guarded by being inclosed in insulating conduit
or molding to protect persons from injury by coming in
contact with it,

(5) Lightning-arrester grounding wires shall be pro-
tected by nonmagnetic material unless the grounding con-
ductor is electrically connected to both ends of the protec-
tive covering.

(Q) The grounding conductor for instrument cases and
secondary circuits of instrument transformers shall not be
smaller than No. 12 if of copper, or if of other metal, shall
have equivalent current-carrying capacity.

(R) Secondaries of current and potential instrument
transformers and/or the cases of instruments connected to
such circuits, when grounded, shall not be connected with
a grounding conductor used for other circuits or for con-
duit, equipment, and the like, but shall have an independent
grounding conductor except where a general ground busg is
provided or where provisions of 10361 are fulfilled.

(8) The grounding conductor for a lightning arrester
shall not be connected to an artificial ground electrode
which is used for cireuits or equipment and the like, (unless
a grounding bus with resistance to ground of less than
3 chms is used) but shall be kept at a digtance of at least
6 feet. A greater distance is recommended. The ground-
ing conductor shall have a current-carrying capacity suffi-
cient to insure the continuity and continued effectiveness of
the path to ground under conditions of excess current
caused by or following the discharge of the arrester. No
individual grounding conductor shall be smaller than No. 6.
(See 1037J (1) and (2))

(T) A grounding conductor may be run in the same
conduit, metal racewsay, ete. with other wires of the gystem
to which it is connected.

(U) The path to ground provided by a system grounding

conductor shall, in general, have current-carrying capacity
sufficient to insure the continuity and continued effective

ness of the path under conditions of excess current caused

by accidental grounding of any normally ungrounded con:

duetor of the circuit of the system to which it is electrically :

connected. '._

Order 1037, Grounding Connections. _
(A) The grounding connection for interior metal rac
ways, cable armor, and the like, shall be made at a point’
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near ag practicable to the source of_ supply and shall be so
arranged that no raceway and the like is grounded through
a run.of smaller size than is called for by 1036L. -

(B) The grounding conductor shall be atj;ached _to ciy-
cuits, conduits, cabinets, equipment and the like, which are
to be grounded, by means of suitable lu_gs, clamps, blocks,
or other approved means. For conduit, armored cable,
frames of generators, motors and transformers, anfi other
noncurrent-carrying metal parts of electrical _eqmpment,
the point at which the grounding conductor is attached
shall be accessible if practicable.

(C) The grounding conductor shall be attached to the
grounding electrode by means of (1) an approved bolted
* clamp of cast bronze or brass, or of plain or mallea]ole cast
iron to which the conductor is soldered or otherxiwse con-
nected in an approved manner, or (2) a vipe ﬁttu}g, plug
or other approved device, screwed into.the pipe or into the
fitting, or (3) other equally substantial approved means.
Not more than one conductor shall be (:,onlnected to the
grounding electrode by a single clamp or fitting, unless the
Jamp or fitting is of a type approved for such use. For
the srounding conductor of an interior wiring syste.m the
t metal strap type of ground clamp is not considered
dequate unless it has a rigid metal basg seated on the
raterpipe or other electrode and the strap is of such mqte-
“nid dimensions that it is not liable to stretch during
after installation.
ground connection to metallic piping systems gnd
hall be made in such a manner that good electrlczjtl
elween the grounding wire and pipe surface is
ed, ‘and that the possibility of increase in resistance
int through corrosion is minimized. All connec-
1l be ‘accessible.
With bell and spigot joint pipe it may be necessary io

overdl lengths where circuits or equipment of Iqrge cur-

S spacity are being grounded. For this.condlthn t}}e
" ethod of making the ground connection consists in
the bell, tapping it, and screwing in a brass plug
d wire iz soldered. The joint thus made and the
‘in the immediate vicinity should be heavily coated

alent material to prevent corrosion. The point of
o secessible and its position recorded.
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are not liable to be damaged or (2) by being inclosed in
metal, wood, or equivalent protective covering.

(E) Where a nonconductive protective coating such as
paint or ename] is used on equipment, conduit, couplings or
fittings, such coating shall be removed from threads and
other contact surfaces in order to insure a good metallic
connection,

(F) Piping Connections. Ground connections to metallic
piping systems shall be made (except as permitted below)
on the street side of meters, but connections may be made
Immediately inside building walls to secure accessibility
for inspection and test. (Water piping systems should he
used if available)

Exception: (1) When meters are located outside of buildings or
in concrete pits within buildings where piping connectiens are em-
bedded in or under concrete flooring, or other flooring reasonably in-
suring against the disturbance of the pipe, the ground connections
may be made on the building side of the meters, if meters are suit-
ably shunted.

(2} Ground Connection for noncurrent-carrying parts guch as
equipment or metal raceway systems, (but not for cireuits) may be
made to the piping system at z point near the part to be protected,
provided there are no insulating 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 be-
come alive) and to shunt the pipe system where necessary around
meters, ete, in order to keep the connection with the underground
piping system continuous,

(G) Bonding jumpers between grounding electrodes and
around water meters, gas meters, unions, and the like, shall
be of copper or other noncorrodible metal and shall be of
sufficient size to have current-carrying capacity not less
than is required for the corresponding grounding conductor.
They shall be attached by one of the methods given in
Order 1037B.

m’(H) Bonding jumpers in cabinets and the like shall be
of copper wire or the equivalent and of such size as to have
current-carrying capacity not less than is required for the
corresponding grounding conductor. They shall be at-
tached in the manner provided in Order 1037R.

(I) Where two or more grounding conductors are used
under a condition where, in accordance with the provisions

of Orders 1036 (H), 1086(1), a common grounding con- .

ductor is permissible, a common connection to the ground-
ing electrode may be employed. In all other cases each
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erounding conductor shall have an independent connection
rounding electrode. ) ) i
v 1(;}5(; g(iﬂ)l Accge;ptable lightning protecthe devices hav1tn§
valve characteristics may have their ground leads conniclia‘ d
directly to the secondary neutral where extepded I}?etat }118
water systems are available and used, provided ifi at o
neutral or protective device is connected to ground a e
transformer and the utility connects the neatral to ;(ilfex’;
tensive underground metallic water system at least 'ti‘:aed
from the transformer. The second ground may be O’im et
if the neutral is connected to an extended water system a
customers’ entrances. )
ot l(eza)St\;cV“};?are extensive undergrouqd mgtalhc Wate:r s§s~
féms are not available, accep_taiple lightning prot}ac’mve e(i
vices having valve characteristics may have their groun
leads econnected to the secondary neutral through a gzlg
having a breakdown of not less. than 1‘5 ;K V r.dml. Sd 0
yele provided that the protectlve'(_iewce s groun esti
un directly to ground and the utility places a grmin tlon
the secondary neutral at least 20 feet from the protective
\E an?llll;% the grounding electrode is-also used for
ounding lightning rods, as for example, in case of con-
Tuous metallic water pipe systems, the grounding connec-
oni shall be entirely independent of, .apd separated from,
lightning rod connection to the piping system.
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PART I

ELECTRICAL SUPPLY STATIONS, SUBSTATIONS
AND EQUIPMENT

SECTTON 110. SCOPE OF ORDERS

Order 1100. Electrical Supply Equipment in Stations,
Substations, Factories and Elsewhere,

The following orders (1100-1194) apply to the electrical
supply equipment of indoor and outdoor stations and sub-
stations. Provided the equipment is in separate rooms or
enclosures, under control of properly gualified persongs and
accessible only to sueh persons, the orders also apply to
similar equipment, including generators, motors, storage
batteries, transformers, lightning arrestors, efe.,, when in-
stalled in factories, mercantile establishments, vehicles, or
elsewhere. (See also Section 130, Part 3.)

For the intent of the rules, walivers, ete., see Order
1013,

SECTION 111. GENERAIL PROTECTIVE ARRANGEMENTS OF

STATIONS AND SUBSTATIONS

Order 1110. General Requirements for Rooms and Spaces.

(A) Inclosure of Rooms and Spaces. Rooms and spaces
shall be arranged with fences, screens, partitions, or walls
80 as to prevent entrance of unauthorized persons or inter-
ference by them with equipment inside, and the entrances
not under observation of an authorized attendant shall he
kept locked. Signs prohibiting entrance to unauthorized
persons shall be displayed at entrances.

(B) Rooms and Spaces. All rooms or spaces in which
electrical supply equipment is installed ghall comply with
the following requirements,

(1) Fireproof Construction.
practicable, noncombustible.

(2) Storage and manufacturing processes. They shall
be used neither for the storage of material nor for manu- _
facturing processes caunsing hazard to electrical operators,

They shall be as far as
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except those materials or processes attendant upon the pro-
duction or distribution of a supply of electrical energy.
(8) Hazardous Conditions. They shall be free from
combustible dust or flyings, flammable gas, or acid fumes
in dangerous quantities. (For battery rooms, see Section
114. For auxiliary equipment in hazardous locations, see
Order 1127) Also see General Orders on Dusts, Fumes,
. Vapors and Gases published by the Industrial Commission.
:(4) Ventilation. They should be well ventilated. See
Industrial Commigsion codes.
(5) Moisture and Weather. They should be dry. In
outdoor stations or stations in wet tunnels or subways, all
live parts of equipment should be enclosed in weatherproof
13es, unless the equipment is suitably designed to with-
stand the. prevailing atmospheric conditions.
Rotating Machinery. Rotating machinery shall be
talled upon: suitable supports or foundations and if
ssary: secured in place.

(See also Order 1144)

itions. Rooms and spaces where
or machinery is located shall have
uminati wccordance with the fol-

.Mudcrn Practice
Foot-Candles

Minimiim: -

Foot andles’

ify the Towest illumination for
ndles” are recommended.
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(B) Emergency Lighting. A separate emergency source
of illumination shall be provided in every station Whet:e an
attendant is located. This source shall bfa ermLan mdp—
pendent generator, storage battery, gas main, or other suit-
able source,

Note: Flame lamps (gas or oil) should not be used in hattery
rooms,

hading of Lamps. Overhead and local lamps shall
be(s?l;dgd as rgqu};red b?;* the Indugtrial Lighting Code pub-
lished by the Industrial Commission.

(D) Fixtures, Pendants and Plug Receptacles.
also Section 131.4 of Part 3)

Arrangements of permanent fixtures and plug recepta-
cles shall be such that portable cords need not be brought
into dangerous proximity to live or moving apparatus. All
lamps shall be arranged to be controlled, replaced, or
trimmed from safely accessible places.

Pendent conductors shall not be insta}led where tl}ey can
be readily moved so as to bring them in contact with live
parts of electrical supply equipment.

(E) Attachment Plugs. Portable conductors shall be
attached to fixed wiring only through separable at‘@achment
plugs which will disconnect all poles by one operation.

Order 1112. Buildings, Yards and General Safety. .

(A) Buildings to Comply with Building Cocle. Build-
ings in which electrical supply equipment is mstalled. s}_zall
be constructed in every detail to comply Wl'th the Building
Code published by the Industrial Commission. . '

(B) General Orders on Safety to be {Jomplzed With.
Floors, passageways, stairways, floor openings, platforms,
runways, moving machinery, ete., shall be constructed and
safeguarded as required by the G_em_aral Orders on Safety
published by the Industrial Commission. .

(C) Protection from Rain aend Folling Objects.

{See

(D) Ewits.

which shall be kept clear of all obstructions.

If the plan of the room or space and the character and ar-
rangement of equipment are such that an a.cmden_t Wou!_d__
be liable to close or make inaccessible a single exit, as i

Flec-
trical supply equipment located outdoors, vyhen necessary,.
shall be protected against injury from rain, gnow, sIeet,_
flying or falling objects. R
Y FEach room or space and each Work_m.g
space about equipment shall have suitable means of exit
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the case of long narrow rooms, platforms, passageways,
spaces behind switchboards, or wire and pipe tunnels, a
second exit shall be provided if practicable. In all cages the
Building Code should be consulted.

(E) Floors. Floors shall have even surfaces and afford
secure footing. Projecting nails, loose boards, uneven or
greasy floors, and slippery floors should be avoided.

Note: Otherwise slippery fioors or stairs should be provided with
antislip treads.

: (F) Passageways. Passageways (including stairways)
- and working spaces shall be unobstructed, and (except such
as are used solely for infrequent inspection, construction
“and repair) shall, where possible, provide at least 6.5 feet
eadroom. (See Order 1124 for working space) The Gen-
“eral Orders on Safety by the Industrial Commission also
atain orders applying to passageways.

(G) Runwoys and Platforms, Roils and Toe Boards,
‘See General Orders on Safety published by the Industrial
mmission).

H) Stairwoys, Hondrails. (See General Orders on
¢ty published by the Industrial Commission.)

latforms with Stairways or Stationory Ladders.
neral Orders on Safety published by the Industrial
sion.)

Continuity. The heads of permanent ladders shall
ided with guards such as gates or sliding pipe see-
ever the heading breaks the continuity of a rail-
tito working space.

I_éi_l_g. _adders oceasional landings, turns, or safety loops
nded;:

Toe Bouards. Toe boards shall, where prac-

anged at back of stairway treads where over

moving parts or over working gpaces, pas-
tairways.

Platforms for Ouverhead Work. {See

fety published by the Industrial Com-

ighting Appliances.

Wwhere an operator is in attendance
adequate approved fire-extinguish-
lently: located and conspicuously
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For proper type or extingunisher to be used on live parts

Note:
or at other locations see N. F. P. A. Regulations on First Aid Fire
Appliances.

Extinguishers which are mot approved for use on live parts shall
be conspicuously marked with a warning to that effect.

Order 1114. 0il Filled Apparatus.

For the purpose of these rules, oil-filled apparatus is di-
vided into three classes, each of which requires different
treatment: (1) OQil switches and circuit-breakers: (See
also Section 117) (2) transformers, induction regulators,
ete.: (See also Section 115) and (3) lightning arresters:
(See also Section 119). The necessary safety precautions
depend largely on whether they are located in buildings or
outdoors.

(A) Oil switches or circuit-breakers. When located on
floors of buildings or in galleries, oil switches or circuit-
breakers should be separated from other apparatus by ade-
quate nonflammable barriers, or otherwise adequately iso-
lated. Floors and floor drains should be so arranged that
oil will quickly collect in a suitable drainage or storage
system provided for the purpose either inside or outside of
the building as may be advisable.

Where switches or switch compartments are constructed
to prevent an appreciable amount of oil being thrown out-
side of the compartment, exterior drainage or storage sys-
tems are not necessary.

When located outdoors they should be adequately isolated.

When located near building walls the walls should be of
fire resistive construction and should have doors or win-
dows so located and arranged that burning oil is not Hable
to pass through them to flammable material or apparatus.

It should be recognized that oil-switch or circuit-breaker
failures may depend upon the size and rupturing capacity of the
gwitch or circuit breaker and the short-circuit duty that may be re-
The short-cireuit current depends on the generating:
capacity supplying the system on which the switch or circuit-breaker:

Note:

quired of it.

is used as modified by the current-limiting characteristics of the sy
tem or by speeial apparatus installed for that purpose. By “oene
ating capacity” is meant all of the apparatug contributing to th
short-cirenit current. :

(B) Transformers, induction regulators, efc. See Orde
1153. When in buildings, transformers, induction regula
tors, ete., should preferably be located on lower floors ori
basements so that oil which leaks out or is spilled can’
drip on other apparatus. Where this is not practicabk
adequate provision should be made to prevent leakag
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other apparatus. Floors and floor drains should be so ar-
ranged that oil will quickly collect in a suitable drainage or
stora_tge system provided for the purpose either inside or
outside of the building as may be advisable. When the ap-
paratus contains large quantities of oil, each unit or group
should preferably be placed in a separate fireproof com-
partment suitably ventilated. Induction regulators when
nonautomatic should be arranged for remote control.
When located outdoors, transformers, regulators, break-
ers, ete., should be adequately isolated. Provision should be
made for quickly draining away to a safe distance any oil
_ thaf-: may be spilled. This may be done by ditches and
drains or the oil may be absorbed and danger of spreading
““removed by paving the yard around the trangformers or
other devices with cinders or other absorbent material to a
“"depth of several inches.
When locgted in buildings, transformer tanks containing
arge quantities of oil shall, where practicable, be so ar-
nged that approved fire-quenching material may be in-
oduced above the oil inside the tank or in the surround-
; 'or}lpartment, except where tanks are completely filled
ith oil or where the space above the oil is filled with an

C). Lightning arresters. When located in buildings,

g _arresters- containing oil should be separated from

equipment by fire walls adequate to completely iso-
i case of fire.

"en_}p'c'a}ted outdoors they should be adequately iso-

P; 1s_ion for quickly draining away oil should be

indicated for transformers in (b) above.

ON i_iz‘. PROTECTIVE ARRANGEMENTS OF
: EQUIPMENT

20. General Requirement,
17 supply equipment shall be of such construc-
talled and maintained as to reduce the life

: Electrical supply equipment
1ese orders when placed in service, and
_r;qdically cleaned and inspected. De-
b f'pl_lt. in good order or permanently
‘wiring when hazardous shall be
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(B) ldle Equipment. Infrequently used equipment or
wiring maintained for future service should be thoroughly
inspected before use to determine its fitness for service.

(C) Emergency Equipment. TEquipment or wiring
maintained for emergency service should be periodicaily in-
spected and, where necessary, tested to determine its fit-
ness for service.

(D) New Equipment. New equipment should be thor-
oughly inspected before being put in service,

Order 1122. Guarding Shaft Ends, Pulleys and Belts, and
Suddenly Moving Parts.

(A) Tronsmission Machinery. Thig code is supple-
mented by the General Orders on Safety and other Indus-
trial Commission requirements which specifies methods for
safeguarding pulleys, belts, and other equipment used in
the mechanical transmission of power.

(B) Suddenly Moving Parts. Parts of equipment which
move suddenly in such a way that persons in the vicinity
are liable to be injured by being struck, such as handles
and levers of cireuit breakers, shall be guarded or isolated.

Order 1123. Protective Grounding.

(A) Grounding Method. All grounding which i3 in-
tended to be a permanent and effective protection measure,
such as lightning arrester grounding, grounding of circuits,
equipment or wire raceways, shall be made in accordance
with the methods specified in Section 103 of the Introduc-
tory Part.

(B) Grounding Noncwrrent Carrying Metal Parts. Al
electrical supply equipment, if operating at more than 150
volts to ground, or if in hazardous locations, shall have the
exposed noncurrent-carrying parts, such as frames of gen-
erators and switchboards, cases of fransformers, lightning

arrvesters and switches, and operating levers, permanently -

grounded.

It iz recommended that exposed noncurrent-carrying parts of elec-
trieal apparatus operating at 160 voltz or less to ground be perma-

nently grounded.
It is recommended that all metallic guards (including rails, screens,

gte.) about electrical supply equipment should be permanently’

grounded where such grounding will reduce the hazard.

Except in hazardous locations, exposed noncurrent-carrying parts
of equipment operating at move than 150 volts to ground may be left:

ungrounded and either isolated, or guarded, or provided with insulat-
ing mats as required for live parts at the same voltage. Such isola

tion, guarding, or mats should be so arranged that persons can not
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inadvertently touch these parts while also touching a grounded
surfaece,

Note: Haz_ardovfs locations include those where dampness, acid
fumses, explosives, inflammable gas, or flyings normally exist. (See
Section 133.2 Part 3)

Excegtion 1: Exposed nonecurrent-carrying metal parts of sup-
ply equlp_ment 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 addi-
tion suitable permanent insulating barrier guards shall be installed
50 that‘ a person cannct, while touching such insulated frames, at the
same time inadvertently touch or stand upon other grounded bodies.

Excepf:ion 2: Exposed noncurrent-carrying metal parts of sup-
ply equipment for communieation circuits are exempted from this
order, providing they are suitably insulated from the ground and
neighboring grounded conductors and surfaces.

Exce}}»tion.‘a‘: Metal shell sockets and metal guards of portable
lamps, if suitably insulated, are exempted from this order.

w2 (C) Grounding Equipment During Repairs. Electrical
quipment or conductors normally operating at more than
2750 volts, on or about which work iz occasionally done while
parated from a source of electrical energy by switches or
‘disconnectors only, shall be provided with some means, such
‘switches, connectors, or readily accessible ground con-
ctor, for grounding them. (See orders 1428 and 1424)

det: 1124. Guarding Live Parts.
(&) Where required: (1) Guards shall be provided for
rts exceeding 300 volts to. ground unless the boundary
he guard zone around the part has a vertical clearance
‘than 7 feet 6 inches for voltages up to 7,500, and
i hes for voltages of more than 7,500, above any
lent supporting surface for workmen, or a horizon-
ance of more than 3 feet from the nearest edge of
surface, or both. This includes parts exposed
ndows, wall openings, etc.

rds need not be provided where it is necessary to
nspection of rotating equipment as required under
tiong.

:applies to the electrical parts energized or con-
or service in temporary or partially completed in-
to permanent ingtallations.

e guard zone means the space of minimum clear-
'elagt}'ical parts where guards may be installed
efinite engineering design. The radius of this
2 voltape as specified in column 4 of the table
1492 f the code for working clearances above
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“Permanent supporting surfaces for workmen” include floors,
platforms, or structures used regularly and frequently by workmen
for inspections and maintenance near live adjacent parts: rTunways,

ladders, stairways, efe.

(2) Parts over or near frequently traveled passageways
through which material may be carried, or in or near
spaces, such ag corridors, storerooms, boiler rooms, ete.
used for non-electrical work, should, where practicable, be
guarded or given clearances in excess of those specified as
may be necessary to secure reasonable safety. The guards
should be substantial; should, where practicable, completely
shield or inclose without openings the parts; and when in
spaces used for non-clectrical work should be removable
only by means of tools or keys.

TABLE NO. 2

Minimum Clearances from Live Parts

§
Minimum Cleaz-
ance from Guards
o Parta. Radius
of Guard Zome

1 3
Minimum Horizontal

Clearance of
TUnguarded Parts

2
Minimum Vertical
Clearance of

Voltage Between Phases Ungusrded Paris

Feet: Inches Feat Inches Inches

o e £ Y mT Y
=

Sowcm
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o0

2
3
4
0
a
12
16
23
30
a7
44

o o O R e e O S 05 D2 S0

—
<
(RN P12 Py

Note: Interpolate for intermediate values.

The clearances in column 4 of this table are not a requirement for
definite engineering design of either apparatus or guards, but are
solely for the guidance of workmen installing guards without such
design.

For example, the minimum clearances in the table above are not

intended to refer to the clearances between live parts and the walls :
of cells, compartments, or similar incloging structures. They do not
apply to the clearances between bus bars and supporting structures,:
nor to clearances between the blade of a disconnecting switch and.

its base.

(3) Parts of indeterminate potential, such as telephone ;
wires exposed to induction from high-tension lines, un-

grounded neutral connections, ungrounded frames, un
grounded parts of lightning arresters, ungrounded instru
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ment cases connected directl i ireui
4 ¥y to the high-voltage circuit,

e}tlc., shg.]l be class1ﬁe'd and, where practicable, guarded on

the basis of the maximum voltage which may be present.

(B) Strength of Guards. Guards shall be sufficient!
strong and shall be supported rigidly and securely enoutgl)i
to prevent them from being displaced or dangerously de-
flected by a man slipping or falling against them.

(Q) Types of Guards. (1) Location or isolation. Parts
having clearances equal to or greater than specified in (a)
ab(_)ve are guarded by location. Parts are guarded by iso-
lation when all entrances to inclosed spaces, runways lad-
Sﬁif,a I;eg:c., are I;e.pilz} locked or warning signs posted .‘:Lt all

es, in which case n
e o other permanent guards need
(2) Grounded metal cable sheaths. These are suitable
__gg_ards except where exposed to mechanical injury. Where
S0 _e_axposed metal condnit or other suitable guards should be
‘provided.
(3) Railings. Railings are not substitutes for com
uards, and if used shall be located at a horizontal distglrig
a iﬁast 3 feett (ang preferably not more than 4 feet)
e nearest point of guard zo ich i

6 feet above the floor. e, Which is less than
.} Shields or inclosures. Guards inside of the 3
e or less than 4 inches outside, shall completely iﬁgﬁ)lsg
irts: from contact up to the heights listed in column 2
No. 2 and under Order 1124 (A). They shall not
Ser tq the live parts than listed in column 4 of the
T Qrder 1124 (A) except when suitable insulat-
.I‘_:l:al; i3 used with circuits of less than 7,500 volts.
under table in Order 1124 (A)). If more than 4
side o:f the guard zone, the guards need not extend

T % feet above the floor. Covers or guards,
st a_t"gny time be removed while the parts they
(e shpuld be arranged so that they can not
ght in contact with live parts.
ng. Covering on Conductors or Parts. The
ing on parts exceeding 750 volts to ground
sl er_ed.a protection. For parts less than
arriers, inclosures, or similar arrange-
le, but in dry places where not exposed
¥;. varnished-cloth tape, or other insula-
e Vql__tage involved may be used as a
_connections shall be of a type and
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thickness suitable for the voltage i'nvolved. Friction tape
is not acceptable as the sole protection.

i i hasges

On cireuits not exeeeding 7500 volts hetween b .

i is impracti insulation suitable for the

other guarding is impracticable, insul : : the

frvoli?zge involved may be used back of the switchboards or 1r15 {Jequwa,_

lent sgheltered locatioms, Insulating mats or platfort_ns sha..l e ng—
vided so that an operator can not readily touch the insulating cov

ing without standing on the mats.
(6) Mats. Suitable insulating mats placed so that a

ly come in contact with the live

erson can not inadvertent :
garts without standing on the mat may be used in the fol-

lowing cases: .
Pax%cs less than 750 volts to ground exposed at switch-

, switches, or on rotating machinery.
boaliiionnect switches less than 7,500 v‘olts'be_tween phaseg
mounted on back of switchboards or in gimilar sheltere
locations when barriers are placed between 'each blade 80 as
to extend beyond the disconnected parts in any po:é;ltlon.
Other means of guarding may be usgd where conveplent.
Ungrounded frames of existing high-voltage series gen-

rators.
© As provided for in paragraphs (c¢) (b) and {(¢) (8) of

hi le. .
' ﬁ;"];s should be of rubber, or in dry locations they may be

fastened with wood pins, cork matting, or heavy
?f)nvg?f%?lrth inch) linoleum laid without joints and w1th0_ut
metal fastenings. A “nonslip” sqrface shopld _be main-
tained and the mats should be laid fm_d maintained so as
to reduce the tripping hazard to a minimum.

Note: Beveled edges will help in many cases.

Parts below supporting surfaces for persons.. The
sur()ggrting surfaces above live parts .shall_be solid w1thogt
openings exceeding one-eighth 1nqh in width. Toeboards
at least 6 inches high shall be prov1de(_1 at all edges. ‘

(8) Special rules for plug-type gwitchhoards., " A mat 1s
a suitable guard when placed so that the operator must

Exception:

stand on it when operating the plugs. Suitable guards on

handles of all plugs shall be provided.
(D) Parts of less than 300 volts to ground.

Tt is recommended that Yive parts of more than 150 volts to ground:

be inclosed or guarded when in exposed locations. :

. . - t

1125. Working Space About Electrlca} Equxpmgn v

MY Where required. Adequate and readily a(.:cessil:bl_e:
secure footing shall be maintained

(A) :
working space with
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about all electrical parts or equipment which require ad-
justment or examination when exposed while in service.

(B)Y Width of working space. The horizontal clearance
from the farthest edge of the working space to the nearest
live part of more than 300 volts to ground, exposed after
removing guards, shall be not less than 3 feet plus the
guard zone radius as given in column 4 of the table in Or-
der 1124. (When the live parts are on only one side, col-
umn 3 of the table in Order 1124 gives the minimum per-
missible value for the total width of the free space). See
also Order 1112 F for headroom.

(C) Elevated parts. Clearance about normally elevated
or isolated parts requiring occasional adjustment should be

“ provided so the men need not come within the danger zone

~ (Bee Order 1422 C of this code) around adjacent energized
parts, unless guarded in accordance with Orders 1124 and

1126 inclusive..

Order 1126. Equipment for Work on Live Parts.

(A) 7,500 wolts or less between phases. When it is
necessary for men to bring their bodies or any material or
( handled into the danger zone (see Order 1422 B of
this code) suitable protective devices, such as rubber gloves,

1bber sleeves (if necessary), insulating tools, portable rub-
mats or insulating stools, rubber blankets, insulated
pullers, testing and grounding devices, switeh sticks,
should be provided, periodically examined, and kept in
andition.

More than 7,500 volts. Suitable protective devices,
testing and grounding devices, switch sticks, fuse
cial insulated tools, efc., should be provided,
ly ‘inspected, and kept in safe condition. Such
all ‘provide an ample margin of safety for the
volved and should be constructed so that the work-

an remain outside of the danger zone. (See
of this code).
Hazardous Locations.
¢ of arcing and heating parts. In loca-

mable gas or flammable flyings normally
uantities, all parts where sparking,
-heating is liable to occur ghall be in-
the hazards as far as practicable.

be by one of the following methods:
arate compartments or rooms.
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tive, noncombustible casings of

ing nonabsor _
B et pﬂammable dust or flyings are

the dust-tight type when
present. .
(3) By using nonabsor:ptwe,
signed for use in explosive Eignosphere
i in dangerous quantities.
gas&Be})uS(t}if;aning. Theq metal frames _and oth‘er e}alxposled
noncurrent-carrying metal parts of equlpment_ln t ese lo-
cations shall be permanently grounded as gpecified in Sec-
tion 103.
The Flammable Liquids Code published by The Industrial Com-
mission should be consulted.

Order 1128. Shielding of Equipment from Deteriorating

Agencies. |
Suitable shields or inclosures s :
exposed current-carrying parts, insulation of leads or elec-

trical devices or equipment where su‘sceptlble. to 1ngury l?y
being installed directly under rota.tmg equipmen .otr in
other locations where dripping pﬂ, excessive mois ure,‘
gteam, vapors, or similar agents exist. (IFor hattery rooms

see Order 1145).

29. TIdentification. .
Ort(lzl') 1é'quipment in general. Electrical supply eq.uip-
ment ghall be suitably identified wl}en necessary for safety.
The identification may be by position, color, number, I}Sme
plate, label, design, or other means, but the method of iden-
tification chosen sghall be uniforn} throughout any one sys-
(See Order 1174 A for switches.)

noncombustible casings de-
s when flammable

hall be provided to protect

t " . -
er'Ill‘he voltage and intended use shall be shown when im-
portant.

s should not, if posgible, be placed on
sings, such as instrume‘nt covers a:nd
disconnector compartment doors, where the interchanging
of these removable parts might lead to accident.

(B) Generators and motors. Genera!:o-rs and mc{{tm:s
ghall each be provided with a name plate giving the maker’s
name, the rating, normal full-load speed and the voltage.

Identification mark
removable covers or ca

ROTATING EQUIPMENT (THIS INCLUDES

SECTION 113, S VTORS,

GENERATORS, MOTORS, MOTOR G
AND CONVERTERS)

Order 1130. Speed-control and Stopping Devices.

fmi ; Prime
A) Speed limits for prime mMOVErs. _
dri(vilzg generating equipment shall be provided with auto

mMovers .
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matic speed-limiting devices, where harmful overspeed can
otherwise occur, in addition to their governors, if necessary
as with some types of steam turbines.

(B) Stops for votating equipment. Stopping devices,
such as switches or valves which can be operated from lo-
cations convenient to machine operators, shall be provided
for prime movers or motors driving generating equipment.

Devices which operate in guch a way that the develop-
ment of defects or their becoming inoperative will stop the
units protected should be used where practicable.

Controlg to be used in emergency for machinery and elec-
trical equipment should be so located as to permit operation
with a minimum of danger during such emergency (See
Order 1175 for fuses and circuit-breakers).
= (C) Speed limit for motors. Machines of the following
types shall be provided with speed-limiting devices unless
their inherent characteristics or the load and the mechani-
‘cal’connection therefo are such as to safely limit the speed,

r tinless the machine is always under the manual control
qualified operator.
(1) Separately excited direct-current motors.
(2) Series motors.
(3) Motor generators and converters which can be driv-
t excessive speed from the direct-current end, as by a
rsal of current or decrease in load.

. The required limitation of speed may be obtained by the
a relay, centrifugal switch or other similar deviee which will
i supply of energy when excessive speed is attained.

w-voltage or under-voltage protection. All mo-
employed or arranged that an unexpected starting
10tor is a hazard, shall be equipped with low-voltage
1 which will automatically cause and maintain the
:0f the motor cireuit when the voltage falls be-
ting value,

_hqée motors with an emergency or essential use or
ning of the eireuit will cause 2 special hazard to life or
xempted.

able speed motors. Adjustable speed mo-
lled. by means of field regulation, shall be so
ected that the field can not be weakened
permit dangerous speed.

tion of Control Circuits. Where speed-limit-
levices are electrically operated, the con-

hich such devices are actuated shall be in
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conduit or otherwise protected from mechanical injury, in
accordance with Order 1161.

Order 1131. Guards for Live Parts.

(A) Guards on rotating equipment.
with Order 1124 shall be provided.

(B) Access to live parts. Where necessary, steps and
handrails shall be installed on or about large machines to
afford ready access to live parts which must be examined
or adjusted during operation.

(C) Frame switches. Where switches are installed on
the frames of generating equipment for the purpose of re-
ducing inductive voltage in generator and converter field
coils they shall be suitably constructed or guarded to pre-
vent paszersby from inadvertently coming in contact with
the live parts, to protect persons handling them, and to pre-
vent their being accidentally opened or closed.

(D) Aveing shields. Quitable shields or barriers other
than rails shall be provided where practicable to prevent
arcing on large commutators or any other parts of moving
apparatus from injuring persons in the vicinity, ag in the

case of narrow working spaces Jocated immediately above

or beside such equipment.

Exeception: Twenty-five cycle apparatus of less than 150 volts to

around is exempted.
It ig recommended that where suitable shields have net been in-

gtalled, goggles should be available,

Order 1132. Grounding Machine Frames.

(A) Grounding machine frames. All frames of rotat-
ing electrical equipment shall be permanently grounded ex-
cept as permitted below and in Order 1123.

(B) Coupled machines. Where two or more machines,
cither of which operates at more than 150 volts to ground,
are mechanically coupled together and the operator can
touch the frames of more than one at a time, the frames of

Guards complying

all such shall be permanently grounded or honded together.

electrically.

This rule may be waived with high-voltage series

Exception:
nstallations where for operating reasons

generator sets in existing I
the generators must have
and the motor frame is groun
place insulating barriers between the gro

frames.

(0) Auwiliories. Exciters and auxiliary circuits ele
trically connected to generators or other machines of mo¥

their frames insulated frem the ground
ded, and where it is impracticable to
unded and ungrounded
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Ehap 750 volts to ground (with frames ungrounded) shall
cgjé;mt;l‘iﬁd’ protect?d, and identified as machines and cir-
0 e same voltage as that of the i i
they are auxiliaries. machine for which

Order 1133. "I‘erminal Bages and Bushings.
(A) Terminal bases. Terminal bases, when used on mo-
11;)(:11:1; i%:;'egellllera;ors s;'{ould preferably be of suitable noncom-
, nonabsorptive, i i i
bustible, ) porcelaig. , 1nsu1at11.1g material, such asg slate,
(B} Bushings., Bushings where used for wires coming
] through frarqes of motors or generators should preferabl;
be of porcelain, suitable composition material, or of hard-
wood properly filled, except that soft rubber may be used
if not exposed_ tp oils, grease or other deleterious substances
n such quantities as o cause their rapid destruction.

.(__i_'rder 1134. Deteriorating Agencies,
h(A) P?'ote_ctwn reguired. Suitable shields or inclosures
_a:ll bg provided to protect exposed current-carrying parts,
nsul_a_tt.lon of leads, balance coils, or other electrical devices
onging to motors a.nd_ generating equipment where in-
llgtlin(élre_(iﬂy under equipment or in other locations where
ping oil, excessive moisture, steam vapors imilar
GS o e o pors, or gimilar
rounding., The metal frames and oth
_ . er exposed
urrent-carrying metal parts of equipment in theIs)e lo-
all be permanently grounded. '

1135, Motors.
rol. If the starting is caused automati
@l‘l_y_) as, for example, by a float switch, or tlli? 31;1}11?;
vice or control switch is not located close to the
1" parts of the machinery operated, the start-
_ t shall be designed so that it can positively
pen by_means of locks or equivalent devices.
in hozerdous locations. Motors with their
pment, at which sparking or arcing or high
iable to occur, when in rooms normally
glq_s_lves, flammable gas, or fammable flyings
ingtalled, ag to reduce the hazard by in-
egu_atelly ventilated separate compartment
d equipment designed for use in explosivé
vhen protected against flyings only, by
Spéce or by a suitable boxing, ,
' pr_of:ected from dust. Inclosed-type mo-
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tors are recommended in dusty places, being preferable to

boxing.
Where practicable, motors permanently located on wood-
en floors should be provided with suitable drip pans.

SECTION 114, STORAGE BATTERIES

The following orders (except Order 1143) apply only to
storage batteries exceeding 50 kilowatt-hours capacity at

the eight-hour rate of discharge.

Order 1140. Isolation.

Storage batteries shal
properly qualified persons by being place
room or inclosure.

Order 1141. Ventilation.
Rooms or inclosures containing storage batteries shall be

<o ventilated as to remove acid spray and prevent danger-
ous accumulation of flammable gas.
The battery room ventilating system shall be so arranged
ag not to carry any gases therefrom into other rooms or
spaces of the building where electrical apparatus or equip-
ment is located.
Communication of dra
vented.
Order 1142. Suitable Supports and Floors.
The cells, except small cells of insulating material set in
sand trays, or shelves, or otherwise separated from the
fioors, shall be supported by suitable insulators, such as
glags or thoroughly vitrified and glazed porcelain, Suit-
able drainage or other means 5
cells to prevent the accumulation of electrolyte in case of
leakage or spraying.
brick set in piteh, are recommen
are installed.

Order 1143. Guarding Live

(A) Separation of parts o
rangement of cells and connections
two current-carrying par
ceeding 150 exists shall be properly guarded if the
are otherwise so exposed that persons are liable to
aceidental contact with both at the same time.

(B) Precaution againg
No conductor of more than 150 volts

1 be made inaccessible to other than
d in a separate

fts to other rooms should be pre-

Parts in Battery Rooms.

hall be provided beneath '

Acid resistive floors, such as vitrified
ded where large batteries

f more than 150 volts. The ar-
shall be such that any

t parts of more than 150 volts
to ground shall be
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placed in any passageway, unless guarded or isolated by ele-

vation.

C) F i
I 2(4’) orm of guards, Guards shall comply with Order
Order 1144. Illumination.

Storage battery rooms should be li i i
) ghted, if practi
from out.mde lamps. Heating devices with openp ﬂa;r:lg: b(is
exposed mcande_scept resistors shall not be installed.
L If lamps are inside, only incandescent electric lamps in
eyless porcelain or composition sockets, controlled from
points not exposed to battery vapor, shall be used. 7

It is recommended that switch i
I es and incandescent lamps ) i
battery rooms be put in vapor-proof inclosures. ps tocated fn

Order 1145. Acid Resistive Coverings.

Eonductors in-battery rooms, if of auch material or so lo-
tgc;d as to l?e liable to corrogion, shall have suitable pro-
tective coverings or coatings, unless the ventilation i

as to render this unnecessar;f. tlation Is such

ECTION 115. TRANSFORMERS, INDU
ECT \ CTION REGULATOR
RHEOSTATS, GROUND DETECTORS, AND RS
SIMILAR EQUIPMENT

._“1150. C_urrent Transformer Secondary Circuits,

-A)__Shoi*t—c??cuiting. Secondary circuits of current
sformers, including constant-current and instrument
sformers, shall be provided with means (such as per-
(:_q_nnectlong for jumpers) for short-circuiting them
an be _readlly connected while the primary is ener-
d g:l};rlgh ire 80 arrange:d as to permit the removal
56 theelc.',lirglll‘i'lfg;.her device from such circuits with-
Protection when of more than 7,500 volts. Where
r_e_of more than 7,500 volts, secondary circuits
wise adequately protected from injury or con-
ng, shall be in permanently grounded conduit.

Grounding Low-voltage Circui
anatotmors ge Circuits of Instru-

tage circuits of all instrument transformers

m n'e_l'_t:__tly grc_»undf?d unless the circuits are in-
and plainly identified as required for the
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high-voltage circuits of the transformers, in accordance

with Order 1160.

Note: This will sometimes require may
Jow-voltage cirenit from others with which
are protected by ground econnections.

Order 1152. Grounding Transformer Cases,

The metal case or exposed frame of each transformer, re-
actor, induction regulator, and similar equipment, which
ig located where dampness or fammable gas normally
exists, or which is connected to a circuit operating at more
than 150 volts to ground, shall be permanently grounded.

 Exceptions: Exception is permissible in accordance with Order
1128B in loeations free from flammable gas, where the entire trans-
former is isolated or guarded as required for the highest-voltage cit-
cuit connected with the transformer, and is plainly and conspicuously

identified as of that voltage.
Order 1153. Location and Arrangement of Power Trans-

formers.
Transformers shall be installed according to one of the

following methods:
(1) On poles or {when

king to distinguish such o
st iz associated, but which

permitted by local authority) on

walls of buildings, and in compliance with the overhead line
rules. {See part 2 for mounting and wiring, also 1033D.)

(2) Tn outdoor inclosures guch that unauthorized per-
song can not, without special effort, come in contact with
any part of the casings or wiring.

(3) In ventilated transformer vaults or rooms which
shall be made inaccessible to unauthorized persons.

Where the amount of oil in transformer casings is considerable
and the transformers are located in buildings used for other than
station purposes, they should be placed in suitable transformer vaults
with not less than a 6 inch noneombustible sill at
floor should be drained to some convenient p
ing in which the vault is installed.

(4) In rooms containing other equipment.

If in stations, such transformers
other equipment and oil sill or suitable arrangements fo

drainage should preferably be provided.
Order 1154. Resistance Devices.

Rheostats shall be not less than 1 foot from combustiblé

material or separated therefrom by a slab or panel of no

combustible, nonabsorptive mater

the doorway. The :
oint outside the build-

should be isolated from

ial of suitable thickness
not less than one-half inch, somewhat larger than the rheo:
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stat, and secured in place by bolts i
i rvaiesiy 3 independently of the

Rheo_stats or resistance devices shall not be placed where
apattering molten metal due to high temperature in the
rheostat may.fall upon flammable material or spaces fre-
gquently oceupied by persons.

Rh(_aostats or resistance devices exposed to excessive dust
or ﬂyn}gs ShOU}d preferably be ingtalled in suitable cabinets
or equ}ppqd with dust-tight side and face plates, (For in-
stallation in hazardous locations see Order 1127).

Order 1155, Ground Detectors,

Every attended station supplying circuits which are not
permangnﬂy g.rounded in accordance with Section 108 shall
: he p.rowdec-i with one or more reliable means of ground de-
_t_gctmn which can be applied to determine the existence of
ground on any such circuit extending outside the station
In unattended stations periodic tests should be made. .

SECTION 115. CONDUCTORS

Order 1160. Electrical Protection.
(A) F_uses required. Conductors shall be suitable for
h locatl().n, use, and voltage. Conductors should be pro-
Sel,lgi?ng?t Excessive hiating by the degign of the system
iitable fuses or automatic circuit-
el in Order 1175 atic circuit-breakers except as
BY: Fuses in grounded conductors. Conductors nor-
._r_o_unded for the protection of persons shall be ar-
Wltlgout fuges or automatic circuit-breakers inter-
their cont-muity between the source of electrical
nd_-_the point at which the ground eonductor is at-
less the cireuit-breaker opens all conductors of
it with one operation,
cuits exposed to higher voltages. If exposed
ransformer windings or outdoor eircuits to high-
3, reuits of less than 750 volts ghall be isolated
d nlf:ss p.laced in grounded conduit or other
T 3dent1ﬁed and guarded as required for con-
ighest voltage to which they are exposed.

'e’gaution Against Mechanical and Thermal

O against @:njury. Where exposed to me-
L able.cqsmg, armor, or other meang ghall
revent injury or disturbance to conductors
T supports. ’
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Where conductors with insulating
d and any one is liable to dam-
metimes on the rear of
shall have a substantial

(B) Flame proofing.
coverings are closely groupe
age from near-by conductors (as so
switchboards or in cableways) they
flameproof outer covering.

Flame proofing shall be stripped back on all conductors
a sufficient distance from the terminals to give the neces-
sary insulation for the voltage of the circuit on which the
conductor is used.

(C) Protection against contact. Large conductors liable
to be torn from their supports by the forces to which they
are subjected (as by the magnetic fields produced) ghall be

so supported that they cannot come in contact with the sur-
faces along which they are run if uninsulated or with other

conductors and equipment.
Note: This applies in partic
ors liable to large short-cirenit currents,

(D) Conductors between generators and putside lines.
Conductors between generators and outside lines shall be
accessible and supported on approved non-combustible, non-
absorptive insulators or placed in approved cable, metal
conduit, tile, or other fireproof ducts.

(E) High temperatures. Insulated conductors exposed
to excessive temperatures shall have insulation which re-
mains effective and does not rapidly deteriorate under such

conditions.

Order 1162. TIsolation.
All conductors of more than 750 volts,

bare conductors of more than 300 volts to gr
jgolated by elevation or guarded in accordance
1124, go that ne person can ina
with them; provided that busses and
line connections thereto may be installed in accor
with Order 1125, in suitable locations specially arr

for such purposes.

Order 1163. Guarding Conductors.
(A) Metal sheathed cable outlets of
The insulation of the several conductors
ductor cable, where leaving the metal s
shall be thoroughly protected from mechanical injury,
ture, and electrical strains by means of a pothead or equiv.

lent method.
(B) Form of guards.

1124,

ular to generator leads and conduct-

and ungrounded
ound, shall be
with Order

of multiple-co

dvertently come in contact
bus structures and
rdance
anged

more than 750 volls.

heath at outlets;
mois-

Guards shall comply with Order
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Order 1164. Guarding in Hazardous Locations.

(A) Rigid steel conduit. Condu i i
. ctors in locations wher
ﬁAz;,{néila.bie gas normally exists shall be in metal cond&it(?
L tings fmd outletg of such conduit shall be electrically
3ﬁit Isnlfgll;agncalljif continuous with the conduit, and the con-
au 1832.03i)sea ed to prevent entrance of gases. (See Or-

Note: This rule does not a

N ] pply to conductors of large i

;‘;}:fﬁct?ﬁ;ufmy caﬁ not be placed in conduit, such as cogppei‘ecti::;z
arge cells with end-cell switches, i

ply to adequately ventilated locations. This vule does not ap-

(B) Insuluting supports. Cond i i

' ) / . . uctors in damp locations
1fthnelthe'r in conduit mor in waterproof metal sheaths in’
other sultable.ducts, shall be effectively isolated and sup-
_p_grted on a suitable type of insulator.

:Order 1165. Taping Ends and Joints.
. Ends and joints of insulated condu

ctors, unless other-
rise a.dequate]y gua.rded, shall have equal insulating cove::-
Wlth other portions of the conductor.

de 1166. Wiring for Hlumination.

ing installed for the illumination of the stati

1 ation should
nstal_]ed and protected as required for similar utiliza-
__mp_ment and conductors in part 8 of the code.

17. FUSES, CIRCUIT-BREAKERS
s , SWITCHES A
CONTROLLERS P

Accessible and Indicating.

7 mgeme?_at. All switches, fuses, automatic cir-
) starting rheostats and other control devices
ddily and safely accessible to authorized persons
_ly con}:rolled. They shall be so arranged 01,'
o:identify the equipment controlled by them
uses) shall indicate whether they are open or"

ntal closing. Switches shall be so installed
e the danger of accidental operation, and
able so that gravity can not close them: such
: __nd to close by gravity shall be provided
1 or stop block to prevent accidental clos-
ticable, the blades of knife switches should
itches are open.
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Order 1171. Oil Switches,

Oil circuit-breakers and oil switches shall,
practicable, be isolated from other types of swilches,
other electrical apparatus to conform to Order 1114 (A).

Remote control of switches and circuit-breakers shall be
used on eircuits of more than 7,600 volts, or when they may
be subject to large short-circuit values.

Note: Remote control may be mechanieal, electrical, or other

type. It is not intended to prokibit the use of switches and cirenit-

breakers operated manuzally by means of levers or poles from a re-
mote position, {See note in Order 1114 (A) for condifions usually

applying to electrical systems).

wherever.
and

Order 1172. Where Switches are Required.

Suitable disconnectors, switches or cireuit-breakers
which may be manually operated shall be inserted in all
leads to all supply equipment and all outgoing supply cir-

cuits, except asg listed below.

Exceptions (1) Where two or more piec
equipment or supply lines are operated as a

necessarily requived between them.
(2) Switches are not required in transformer vaults except as may
be deemed necessary by the engineer in charge to meet operating ve-

quirements.
(3) Switches are not reguired in leads to instrument transformers.

(4) Switches are not required in grounded conductors.

Note: In most cases the switch ealled for should be capable of
opening the circult under loads. In some cases, as between generators
and transformer banks used with them, disconnectors only would be

required.

Order 1173. Switches or Other Grounding Devices.

It is recommended that switches or other suitable means
be provided, where practicable, to facilitate short-circuit-
ing and grounding equipment or lines for which the oper-
ating rules (See Orders 1423 and 1424 of this code), re-
guire grounding to protect workmen, (See Order 1123

(CH
Order 1174. Capacity of Switches and Disconnectors.
(A) Suitability.

connectors shall be of
for the circuit on which they are ingtalled and

e of electrieal supply
gingle unit no swiich is

interrupt.
Disconnectors shall be of s
rating for the circuit on which they are ingtalled.

Switches used otherwise than as dis-
suitable voltage and ampere rating
should pref-

erably be marked with the current which they can safely

uitable voltage and ampere
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(B) Locking. Remotely controlled switches, oil
switches, and digconnectors shall be so arranged that they
can be secured in the open position or plainly tagged to
prevent careless closing while work is being done on equip-
ment. controlled by them.

'It i8 1_mp0rtant that the control circuit be tagged or pro-
vided with a positive disconnecting means near the appara-
tus to pre_vent accidental operation of the mechanism.

F_‘or switches and disconnectors the accidental opening of
which may cause hazard, similar arrangements are desir-
able for retaining them in closed position.

L_ocking iz recommended rather than blocking wherever parts of
. equipment are remote from the point of control.

_(C) Air breaks. TUnless a switch operatin ircui
between 750 and 7,500 volts makes anpair brga?(r,l iat {1:: 1(22(1;E
Qmmended that there shall be installed between it and the
urce of energy supply a suitable air or oil break discon-
: tor or equivalent device having an air or oil gap suit-
a_,_b_le_-_for: the operating voitage of the circuit.
\n air break switch or air-break disconnector shall be
ted in each conductor between electrical supply equip-
ent. or lines and sources of energy of more than 7,500
; if the equipment or lines may have to be worked on
out protective grounding while the sources may be
(for lightning arresters see Order 1191).
__Almement. Knife switeches shall maintain such
mel}t under service conditions that they can be closed
ingle unhesitating motion.

75. Where Fuses or Automatic Circuit-Breakers

re Required.

cult __leéf.ds tg motors, constant-potential generators,
brimaries, and station auxiliaries, and all out-

,c_ul__ts_: shall be protected from excessive current by

- or automatic circuit-breakers, except as in-

1__;l.tomatic circuit-breakers may be omitted
Towing :

! _d_rlven generator or rotary converter when
ad§=___1_:0_su(:-h apparatus are already protected
matic cireuit-breakers.

onductors.

LS for field excitation.

of alternating-current generators.
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(5) Leads connecting two or more pieces of electrical
supply equipment operated as a single unit. :

(6) Circuits supplying interconnected three-wire sys-
tems of direct-current distribution.

(7) Leads of series transformers.

(8) Leads of potential transformers or other circuits,
the opening of which may cause greater hazard to life or
property through interruption of service.

Order 1176. Disconnection of Fuses Before Handling.
Fuses in circuits of more than 150 volts to ground or
more than 60 amperes shall be arranged in one of the fol-

lowing ways:

(1) So that the fuses are necessarily disconnected from

all sources of electrical energy before they can be touched.

(2) So that the fuses can be disconnected from all
sources of electrical energy by a snitable switch.

(3) So that the fuses can be conveniently handled by
means of insulating handles or portable appliances pro-
vided for the purpose.

Exception: Cireuits of less than 150 volts to ground and less than
60 amperes capacity are exempted from the provisions of this rule.

The use of insulating gloves and mats is permissible on cireuits
not exceeding 750 volts,

Order 1177. Arcing or Suddenly Moving Parts.

(A) Protection from burns. Fuses and circuit-break-
ers shall, as far as possible, be so located and shielded that
persons will not be burned by their operation.

(B) Protection against moving parts. Handles or levers
of circuit-breakers and similar parts which may move sud-
hat persons in the vicinity are Hable

denly in such a way t
to be injured by them, ghall be guarded or isolated.

Order 1178. Grounding Noncurrent-Carrying Metal Parts.

Exposed noncurrent-carrying parts of gwitch and fuse
cases, levers, and other similar parts to which leakage is
liable to occur from live parts, and thereby create a hazard,
shall be permanently grounded in accordance with Order

1123,

Exception:
which are not liable to become alive, are excepted.

Order 1179. Guarding Live Parts of Switches, Fuses and_

Automatie Circuit-Breakers.
Switches, fuses, and automatic circuit-bre
isolated or guarded in accordance with Ord

1125.

Minor parts, such as ferrules of knife switches,

akers shall be
ers 1124 and
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SECTION 118. SWITCHBOARDS

Order 1180. Location and Accessibility.
_ (A) General location. Switchhoards shall, where prac-
Egﬁé)éeio be so l}_)laced that the operator will not be endan-
¥ any live or moving parts of i ip-
ment located near the board. machinery or equip
: They shall be 80 pla:ced as to reduce to a minimum the
g :ﬂgfr of communicating fire to adjacent combustible ma-
(B‘) Spaces about boards, The s
. pace back of the board
sgzil be kept clear of rubbish and shall not be used for stoi'—
age,
{C) Accessibility. Switchboards sh i
‘ ) all be accessible t
authomged operators from both front and back Whlanethg
connections are on the back (gee Ovder 1125 for working
gpace), but may be placed against a wall when operating at
not more than 750 volts with the wiring entirely on the face.
(D) Arrangements. Switchboards shall have all
sw1tch_es go arranged that the points of control are readily
._._aCC(-:,‘SSIble to. t_he operator. Instruments, relays, and other
devices requiring rea(_ling or adjustments ghall be so placed
that work can be readily performed from the working space.

01_'der 1181. Material and Ilumination.

(A) Material, Switchboards shall be made of noncom-
stible material and be kept free from moisture

B) Illumination. Sufficient illumination sha‘ll be pro-
o d bpth for the front and rear of the switchboard so that
___hvixgi’é%ﬂ);ai};c; dr-nay be readily operated and instruments

; 1}1182. Necessary Equipment.
chhoards which control generatin i
' . 2 equipment
going supply circuits shall (except in substations Wit(l::
. ular attendﬁnc%) be equipped with such instruments
necessary to show operating conditions. -
1565 for ground detectors). (See Or

11_%_3. Arrangement and Identification,

ctions, wiring, and equipment of switch

oards shall be arranged in an orderly mba?liiis gﬁg
tches, fuses, and cirenit breakers shall be pl,ainlv
labeled on fixed parts of equipment or arrangea
: ﬂ"ord.ready means for identifying circuits or
1t supplied through them, in accordance with Or-
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Order 1184. Spacings and Barriers Against Shert-Circuit.
(A) Bure ports. Switchboards shall have the number
of bare parts at different potentials on any panel reduced
to a minimum, and these parts shall be effectively sepa-
rated. Protection or separation of such parts by suitable
barriers is recommended where the voltage exceeds 760,

1t is recommended that such parts, including bus bars, should be
go located, or provided with such insulating coverings or barriers,
that parts at different potentials will not be readily short-eircuited

by tools or other conducting objects.

(B) Fuses. TFuses should be so located as to minimize
the danger, in removing or replacing them, of short-cir-
cuiting parts at different potentials by the fuses or by the
kands of the operator.

Order 1185. Switchboard Grounding.

(A) Frames. Switchboard frames and noncurrent-car-
rying parts shall be permanently grounded under the con-
ditions and with the exceptions noted in QOrder 1123.

Exception: Parts of switchboards, such as name plates, screws,
and similar small parts which are not liable to beceme alive, except
under very unusual circumstances, are not considered as coming un-
der the rule and may be left ungrounded.

(B) Circuits worked on. Where protective grounds
are occasionally required on cireuits for the protecticn of
workmen, a permanent ground connection shall be pro-
vided, and algo suitable means for effectively and readily
connecting the parts being grounded to the ground connec-
tion, in accordance with Order 1123C.

Order 1186. Guarding Live Parts on Switchbhoards.

(A) Guards. Live parts of switchboards shall be
guarded in accordance with Order 1124.

(B) Plug-type switchboards. Plug-type switchhoards

should, except while connections are bheing changed, have:
no current-carrying part exposed on face of boards and, if-

practicable, they and their plug connectors shall be so ar

ranged where the operating voltage

alive. even while connections are being changed.

(C) Exposed parts of more than 7,500 volts. No switeh.
board shall have current-carrying parts of more than 7.50
volts exposed (unguarded) unless these parts are effectivels

isolated by elevation, except at times when occasionally left

exposed by removal of covers or entrance into inclosures

exceeds 160 as to have
all current-carrying parts guarded so long as they are

ELECTRICAL CODE—ORDER 1191 5
such as switc'h and instrument-transformer cells or com-
partments Whlch are ordinarily unoccupied by persons. For
§uch parts, if expgsed while alive for any purpose (includ-
ing busﬁe?1 al,)nd disconnectors in compartments) working
gpace shall be provided complying with the requirem

under Order 1125, ! ents

Order 1187. Instrumeni Cases.
When mounted on switchboards, metal cases of instru-
‘ments (unless isolated by elevation) operating at more than
5_0_;- volts shall be grounded or inclosed in suitable covers
'_vf,r_hmhi are either of grounded metal or of insulating ma:
T o

'SECTION 119. LIGHTNING ARRESTERS
rder 1190 Location,

é reguired. Lightning arresters should be at-
I_'pu_nd_ed sides of each system of more than

ége_ ._a_Ys,-_'-'al.]d combustible parts
rpe.co _*_ca ning oil they should be

_arresters on
rranged, iso-

t less than four
rking distance in air
it .t hich:the ar-

?th_la'n 8 inches....

T ps:which can
hile the line ig alive. an be
es should be installed at a suf-
ris of the arrester equipment
maintenance “and inspection

1se_olnnecto'r's, unless re-
1, sha [.-have the adjacent
Order 1125 for disconnectors
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Order 1192. Connecting Wires. :
Grounding wires shall be run as directly as possible and
be of low impedance and ample current capacity (See Sec-
tion 103 for methods of protective grounding).
n the wires between the . PART 2

Kinks, coils, and sharp bends i
door lines shall be avoided as far as

arresters and the out

RULES FOR THE INSTALLATION AND MAINTEN-

possible.
Order 1193. Grounding Frames and Cases of Lightning ANCE OF OVERHEAD AND UNDERGROUND
Arresters. ELECTRICAL SUPPLY AND COMMUNI-
CATION LINES

All noncurrent-carrying metal parts of arvesters shall
be grounded, unless effectively isolated by elevation or
guarded as required for live parts of the voltage of the cir-
cuit to which the arrester is connected, and suitably identi-
fied as of that voltage, in accordance with Order 1123.

Order 1194. Guarding Live and Arcing Parts.
(A) Protection from contact or arcing. All current-car-
rying parts of arresters on circuits of more than 750 volts,

unless effectively isolated by elevation, shall be adequately

guarded to protect persons from inadvertent contact with

them, or from injury by areing, in accordance with QOrder
1124.

(B) Making adjustments. Lightning arresters, unless
provided with disconnectors which are always opened be-
fore work is done on the arresters, shall be so arranged

that necessary adjustments are possible (without approach

to current-carrying paris) through the use of permanently

grounded mechanisms or suitable insulating appliances.
Where charging or adjusting must be done with arresters
alive, permanently grounded mechanisms or suitable insu-
lating appliances shall always be provided.

(C) Insulotion of attachments. All choke coils, gap
electrodes, or other attachments, inherent to the lightning
protective equipment, shall have an insulation from the
ground or other conductors equal at least to the insulation
demanded at other points of the circuit in the station.

SCOPE OF ORDERS AND GENERAL
STATEMENTS

Order 1200, Scope of Orders,
A, Eatent of Application. The orders in this part of
_ the co_de, namely orders 1200 to 1299 inclusive, apply to all
electrical supply and electrical communication iines in over-
. head ar.ld unc_lerground construction, whether operated in
connectlor} with public utilities, privately or munieipally
owned, with industrial establishments, or otherwise.
_ B. Not Com'plete Specifications. These rules are not
r_nplete specﬁcations but are intended to embody the re-
quirements which are most important from the standpoint
of safety to employees and the publiec.
C. Confo*rmity with Good Practice. Construction should
d made a.C(‘:ordlng to accepted good practice for the given
local conditions in all particulars not specified in these Or-

SECTION 120.

_1201. Minimum Requirements.
he orders state the minimum reguirements for spac-
earances, and strength of construction. More am-
acm%s and clgagances or greater strength of construc-
1 may be provided if other requirements ar

ed in go doing. © not mee-

ION 121. GENERAL REQUIREMENTS
0; APPLYING TO
OVERHEAD AND UNDERGROUND LINES

1210. Design and Construction.

lectrical supply and communication lines and equip-
11 be ot: ._suitable design and construction for the
nd conditions under which they are to be operated.
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Order 1211. Installation and Main‘gena}lce.' -
All electrical supply and communication lines and eql,;}fﬁ)e
ment ghall be installed and maintained so as to reduce It

and fire hazards ag far as practicable.

Order 1212. Accessibility.

All parts which must be e
operation shall be arranged g0
authorized persons by the prC
spaces, working spaces, workin
between conductors.

Order 1213. Inspection and Tests of Lings and Efluipmeint.
A. When in Service, 1. Initial Co_rnphance with Rules.
Lines and equipment shall comply with these orders upon

ing placed in service. . N
belZ.gIEspection. Lines and equipment shall be gystemati

Iv inspected from time to time. )
calgy ';‘Izzz}fc)s Lines and equipment shal_l be sub__]ected, WI%en
nec;assary, to tests which will determine their fitness for

service.
4. Record of Defects.

i if not promptly corre : _ _
tm; ’ i%emed?ring Defects. Defective lines and equipment

i rder or effectively disconnected.

Shaléu I[T)/I%hi?zt 1OY;£§ %(j)’dé)emice. 1. Tines Infrequently Usgd.
Suplply lines and equipment ipfrequently }1§ed stihall b\s\-7 ilcl:
gpected to see that they are in saf(? COHleIOH or ser rill;

9. Lines Temporarily Out of_ Ser\flce. Lines ’gi}fnpo&? ! 3;
out of Service shall be maintained in such condition tha
hazard will not be created.

2. Lines Permanently Abandoned.
abandoned shall be removed.

Note: Overhead service drops to consumders a?a ofgen 'F}Iigo?g-,
- ice iz di inued.
i when the service is discon
nected without removal the . i
considered good practice when it is undesirable to remove the serv

ice drop entirely.
i i d Marking.
rder 1214. Isolation, Guarding an

0 A, Current-carrying Parts. To promote safety to‘ .thﬁ
general public and to employees not guthomzed to appiC oac I
conductors and other current-carrying parts of elec rlf:;
supply lines, such parts shall be arranged so as to provide
adequate clearance from the grqund or other Qspace geil(-)
erally accessible, or shall be provided with guar ds so as
igolate them effective
persons.

xamined or adjusted during
as to be readily accessible_ to
ovision of adequate climbing
o facilities, and clearances

Any defects revealed by inspec-
cted, shall be recorded.

Lines permanently

ly from accidental contact by such
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B. Noncurrent-carrying Parts. Ungrounded metal-
sheathed service cables, service conduits, metal fixtures, and
similar noncurrent-carrying parts, if located in urban dis-
tricts and where liable to become charged to more than 300
volts to ground, shall be isolated or guarded so as not to be
exposed to accidental contact by unauthorized persons.

Ag an alternative to isolation or guarding, grounding of
certain noncurrent-carrying parts is permitted by Order
1215B and Order 1280A—-4,

C. Marking of Poles Carrying High Voltages. Section
196.67 of the Wisconsin Statutes provides the following:

“Warning signs. (1) Every corporation, company or
person constructing, operating or maintaining an electric
transmission line with a voltage of gix thousand or more
between conductors or between conductors and the ground
shall place warning signs, not less than four feet nor more
than six feet from the ground, upon all poles or other struc-
tures supporting such line when within one hundred feet
of school grounds; and when within one hundred feet of
any place where such line crosses a public highway; and
. when within any city or village.

' (2) Every such sign shall be stenciled on such pole or
structure in red or black letters not less than two inches
high on a background of white and shall read “Danger—
High Voltage.” Such stencils shall be furnished by the
‘commission at cost to public utility companies.

:(8) Any corporation, company or person violating any
f the provisions of this section shall be fined not less than
fifty dollars nor more than three hundred dollars for each
ffense.”

Note: This section of the statutes is interpreted to mean distribu-
a8 well as transmission line poles, also because of the difficulty
taintaining stenciled signs on a ereosoted surface, metal signs with
same wording as specified above may be used on poles which are
goted farther than 5 feet above the ground line.

ler 1215. Grounding of Cireuils and Eguipment.

. Methods. The methods to be used for permanent
unding for lightning arresters of supply lines, for cir-
, Tor equipment and for wire raceways are given in the
duction. The methods to be used for grounding of
ng arresters of communication lines are specified in
1360.05.

arts {o be Grounded. In urban districts metal con-
b}e sheaths, and frames, cases, and hangers of
ent shall be permanently grounded,
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This order does not apply when such parts are - or ar
e Qe T N morized persons. .. ductoislocﬂ'itled on the same poles or towers, the supply con
¢ where such parts are 8 _. shall preferably be carried at the higher level )

Exception 1:
guarded from accidenta
Exception 2: This order does not appl
feet or more above the ground.

Exception 3: This order does not apply to metal eonduit and
tion conductors, or supply conduct-

Exception: i
ption:  This does not apply to trolley feeders which may he

IUCated for convenienc pproxmlately at € leVEI of t]]e fJIOHEy con-
e a th i

cable sheaths inclosing communica

ors of not more than 300 volts to ground, provided such conduit and : 2. Mi .

cheaths sare mot exposed to probable contact with eireuits of more 3 , p}a-' inor Extensions. In localities where the practi f
5 Cln, . . 1ce ¢
g conductors of communication circuits for public

us

mi‘; ill?o:)ftgﬁéaiply conductors has been generally established

e on extens ons nﬁay be made in either system, keeping,

G Conducte s in t e same relative position. These exten-
ould not continue beyond a location at which it be-

comes practicable to ch
ized by these orders, ange to the arrangement standard-

3. i ek .
of }i};img,l Construction for Supply Cirenits, the Voltage
POt i T oes not exceed 550 Volts, and Carrying POWer
tion Con duigi’;s of 1,600 Watts when run under Communica-
by ome part ors. Where all circuits are owned or operated
_mines that t}:{’ or where cooperative consideration deter-
ordinatin etilrcumstances warrant and the necessary co-
voltage ng‘tme odg are employed, supply wires carrying a

. 900 volts between conductors, wit ’
nstalle d use of poles Wlt_h communication circuits, may be
1989 A a];g i}:cg rdanfcrerwl;fh Note d (3) of Table 1 in Order

¥ oteao H .
owing conditions: able 11 in Order 1238A~1, under the
a). That such supply circuit
3 : 8 are of wire havi

de glfleﬁqcl}l;lmelr;nal double-braid Weatherprooén%o?ze%?rond
ts equival ant No. 8 A, W. G. medium hard-drawn Coppe%:
nform:nwi?}ll iﬁrength’. and the construction other-
ame olass, e requirements for supply cirenits of

‘That the supply circuit |
ha 8 be placed on the

o "paIESIOf the bot'tom crogs arm, and that a C(al?ibafgd
'precaui?gi sgé)halllllc}:})lest ]ﬁe maintained up the polf
hrec il be taken to render such cireui ;

dlilf;é such as pamt_lng a stripe on the cross 05:1{1;'111 I(S
rent form of insulator from the others on the

than 300 volts to ground.
Recommendation: It is recommended that supply cables have

the sheath bonded to any conduit extending above the ground surface.
Note: Metal conduit above ground which contains extensions from

metal-sheathed underground cable js considered to be sufficiently

grounded by the cable sheath, provided such sheath is in good con-
tact with the earth or is comnected to a good ground. {For method of

grounding see Introduction.)

C. Use of Ground us Part of Circuil.
supply circuits shall not be designed to
mally as the sole conductor for any par
1t jg recommended that such muse be avoided

In urban districts
use the ground nor-
t of the circuit.

Recommendation:
in rural districts.

Order 1216. Arrangement of Switches.
A. Accessibility. All switches shall be readily accessible

to authorized persons.
B. Indicating QOpen or Closed Position. All awitches

shall indicate clearly whether they are open or closed.
C. Uniform Position. The handles or countrol mechan-

ism for all switches throughout any system shall have, s0

far as practicable, the same position when open and a uni-
formly different position when closed, in order to minimize

operating errors. Where it is advisable to depart from this
practice, the awitches should be marked so as o minimize
the liability to mistakes in operation.

RELATIONS BETWEEN VARIOUS CLASSES

SECTION 122,
OF LINES

Order 1220. Relative Levels.
(A) Stendardization of levels. The levels at which dif-

ferent classes of conductors are to be located should be
standardized where practicable for any given community
by agreement of the utilities concerned. i

(B) Relalive Levels—Supply and Communication Con=
ductors. 1. Preferred Levels. Where supply and com-
munication conductors cross each other or are in conflic

o 1%%1: shall be a Vertic_al clearance of at least 2
o 'crossc;(x)ii :Em car;a}rlmg these supply cireuits
Xt o ove, e other pins on the cr
ing t:he supply circuit may be occupied bff ?310(;151?
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i £
i in the operation Or control o

n;ilﬁi;a;lg: s?ﬁri;cg%fa;l:fgs,l%ut not for telegrarh o.r tele-
r | -
P S’%‘i‘g; es;uch supply circuits ghall be eqénggii e“Z:lit]E

@ nd arresters installed in th_e supply enCeSS e e
fug‘,es 1 fuses shall have a capacity not in exces of Hee
e Th'e l;n operating current value of theT]([:llr(; it ey
t};'itiziixi)lﬂs need not be less than 7 amperes. e
)Y y

e of ap-
11 he designed so as to break down at a .\;(;Ltaégf L b
e smately twice the voltage between the wi e e
prf)lez; N Blrlic?h need not be less than 500 Yolts. e
cuis, bu ‘Wcuits are alternating current, iusﬂes Sformer R
2?5% i(;llrthe secondary sid}? of.i}clsiiuslfgge;c; ;ﬁ?y e
Shéll’gl gbee issug.}s1 gié;?c ggeilh;teog 1‘che primary voltage of the
volta
transformtleréi% Levels—Supply Lines of D@ﬁeﬁﬂé rch)ggglgz
(C)' Rg'a {as Classified i Table 11). 1 T
Classzﬁc?ftzoﬂs Where supply conductors of dlﬁergﬁe yolne?
o anﬁl?ﬁﬁs cross each other or are 11 corxfl;;c’cin.1 o B
ClaS,Slﬁcall'1 chall preferably be carried at t et g e
i 1119? Used Only by Supply Cond_uc 0t¥ . Where
2 o P?lsitors of different voltage classzﬁ(i? 10;:1’
DD o les, relative levels should be as foll {)‘1\;\7 'the o
e here 1] eircuits are owned by one uti 11y,Ed > con-
d (?grsv?fiﬁegﬁer voltages should generally be plac
uct .
those of lgwer gi%%z?:gﬁ% cireuits are owned by sep;r;;t;e&tlg;
i '(b) IYV eigguits of each utility may bhe groupe Jomethe
e c of eircuits may be placed above the o e
e gr?cll?d that the circuits in each group alevels fed
e tp‘f}?:;e of higher voltage are at 1':he hlgher
th tha'th v of the following conditions 18 mz f & (o 6 feot
i tery tical spacing of not less than e x
wl'felr)e iqﬁi‘eﬁ by Table 11, Ordir 12?)?%—11)1,? éjprgc%cive et
i ors g e W
pt%t\ge?ﬁ'xit‘,hgpgiaergitbléni%;r?ﬁggg if necessary as a division
itie

8p

er
on t]ﬂe OppDS]'tB Slde Of tlle pO]'e‘

Order 1221 Avoidance of Conflict and Co-operation to
rde .

i rd. . i rries sup-
(A&)vell‘evf ;:iallel pole lines, either of which carries p

:
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from each other that neither conflicts with the other. If
this is impracticable, then the conflicting line or lines shall
be built of the grade of construction required by section 124
for a conflicting line or the two lines shall be combined in
a single pole line.

(B) Under certain circumstances the proximity of sup-
ply lines to communication circuits may produce undesir-
able effects which may become hazardous. Becauge of the
varied nature of the influence it is difficult to define Hmits
of voltage, parallelism, etc., which will apply in all cases,
but by means of cooperation between the supply and com-
munication interests, the companies themselves can doubt-
less work out the problem in such a way that a sericus haz-
ard will not result,

In order to aid in keeping these effects a minimum it is
expected that the utilities or parties responsible for the ex-

tension or change of electric or communication facilities
will cooperate by notifying each other of contemplated ex-
tensions; or changes in location, operation, or voltage.

All the utilities or companies affected should determine
1 conference just what limits of line characteristics, sepa-
ation and parallelism will be allowed without notification
o each other. However in the absence of such an agree-

~ment any company before huilding a line within 500 feet

the line of other companies shall give notice to all com-

nies having lines within the given distance. Such notices

Il give all companies the opportunity to take such steps
or the protection of their property as the law provides.

Jrder 1222, Joint Use of Poles by Supply and Communi-
cation Circuits.

Advantages. Joint use of poles under suitable condi-
ns and with certain types of cireuits offers many advan-
e8 and promotes safety.

Cooperative Study. Joint use involves contractual
lons between utilities, consideration of service require-

3, 'and economics as well asg safety. It therefore, re-

s cooperative study by the utilities coneerned.
onditions Under Which Joint Use is Desirable. In
- of local or distribution circuits along the same
ay or similar right of way, where, under the provi-
cction 124 applying to joint use, grade C construe-
ess would be required, joint use is generally prefer-
eparate pole lines unless the number of conductors

large or the character of the circuits makes joint
sirable.
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Where circuits other than those mentioned above are in-

volved, the choice petween joint use of poles and separate
pole lines shall be determined through cooperative consid-
eration, by the atilities concerned, of all the factors in-
volved, including the character of cireuits, the total number
and weight of conductors, tree conditions, number and lo-
cation of branches and service drops, availability of right
of way, etc. Where such joint use is mutually agreed upon,
it shall be subject to the appropriate grade of construction
as specified in section 124, Where such joint use is not em-
ployed, separate lines as specified in order 1223 ghall be
used.
In any event, joint use is prefer
where it would be impracticable to
fict with separate lines.
Order 1223. Separate Pole Lines.
Where two separate pole lines are to be used, one of
which carries supply conductors and the other communica-
tion conductors, they chall be separated, if practicable, so
that neither conflicts with the other, but if within confiict-
ing distance, they shall be geparated as far as practicable.

Order 1224. Approval Necessary for Conflicts and Joint
Use of Poles.

able to separate lines
avoid an overbuilt con-

Tn rural districts where in accordance with Section 124,
grade Aor B construction is required, all projects involving
joint use of poles by communication or signal circuits with
supply cireuits, or contlicts between communication and sig-
nal lines with supply lines shall be referred to the Public
Service Commission for approval. The request for the ap-
proval of such a line must have a statement attached to the
effect that all utilities and railroads known to be affected
have been notified of the construetion or reconstruction.

Note: The Public Qervice Commission
included in this code, which require certain

projects to be approved.

SECTION 123. CLEARANCES

The following gections
to clearances etc. Where
ance than the Statutes th

“26.16 Electric lines

alty. (1) Any person,
written consent of the

firm or corporation may,

town board, but s

also has other orders, not
Jines and construction:

of the Wisconsin Statutes app
the code requires greater cleat-
e code requirements shall be used

on highways; place of poles; pen-
with the

ubject to the ap:
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broval of the state high ;
ate tel ghway commission, const )
o tlegraph tlphone o e s o th pirae o
limits of any highway » light or power along or within the
“(9 A '.
be s(et) in lslulfz(;llefnzsed in the construction of such lines shall
such highway b nﬁer as not to interfere with the use of
joining landsi) )1r:hJC e public nor with the use of th © 3
ot Tos ihen e owner thereof; and all wires shall be
ighteen feet above the ground at all crog :
8=

ings, and not less t I
other places. han fourteen feet above the ground at all

i 3 .

of CElt) Dfﬁl'zf:ns?ﬁlél?: ((:::Ifls,s 13:1*111::1ined or the branches there

: ) ruc - mai .

such line without the consent of 11;(1)12 gtvi?lgge?}?:ie of any
ree.

' (4 A i
trie lig)ht oy Berson erecting any telephone, telegraph, el
olectric ligh 1?0 ert%ole or stringing any telef)hone tell)e > eﬁ"
this section 'Sh];I? fo‘i‘i‘e‘ﬂ:]re in violation of the pI"ovisi%:fgpoi:z

i
thm(lg?fty dollars. a sum not lesg than ten nor more
¢ Any person, firm
‘cati A or corporation wh " .
. 1§fn af;;; Iil’leilg‘rlzlxjsmnfto congtruct such Iinez‘,ssv?ﬁllii;et%: li'ph—
. ay of any town h m-
lch i as been r
01? : xsglll)élcaécmn shall have been on file witlheftlflseegclz) e
on, such {af ?Iy s and no action shall have been takew ntﬁlerk
of appeal t(I)JEhcaIflst may file with such town clerk 2 i?e_
Hall thereupon ate highway commission. The town clerk
the boargo’? Iil}?ke treturn of all the papers aggnacigrk
A1e D o the state highway commissi ction
m;;?ggl shatll Proce?d to hear and tr;szlr?g, d?;l;d suen
aplicant 'I(‘)}Ill en days’ notice to the town board aerén e
r ¢ order entered by the commission s}?allt%e
e

1 . . .
% SF ’1‘;;?;1%1‘9(,)3{1{011 gnes; privileges; damages (1)
to’ furnish telegra;ph I‘;Z;e%%rgﬁzti(:s cor_‘_poration g)rgan-
_ ! : . , ser i
ox:veilrcl ac;' zlltlal()zi_:rlc current to the puglli?:eogrfgans{)ri}t
» Viliage %ECt to reaspnal?le regulations maﬁe bw
oy pge i Ifotug*h which 1133 transmission lineg o¥
g:h ¥ nece’ssar; ;gg‘; f&cril ;I;limtgin such lines or sys-

g - es in, across
ﬁpolfl:;],‘;;y]a?lrd brlfdge or any stream oc;'r 1]2(?3;&22
e S ni of any owner consenting thereto
o ay acquire lands or the necesgsar ;
¥y connect and operate its lines or systeg
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o like businesg, within
able rates fqr the
the furnishing of

i devoted t

ith other lines or systems 1

f}fltwithout this state, and charge rej;%?

transmission and delivelr_y h(;f messag

r or electric light. o

he?;JE(,ZI;O\lzf%T TO OBSTRUCT }PSE‘}(; ﬁ;fl 2‘(5) ;E;htigf ox

3 appurtenance thereto s _ 7 e oo,
:}cﬁiiﬂog ri1ﬁ:%¥nm1z}%e the public use of any highway, g

) or body of water. ublic
e ABANDONED. LINES REMOYSL provided in
- ission after a pu : i ro-
gﬁ‘elz'lce ig?ggssand sibject to the right of riweﬁvis g)een
&.e_:g 1(;)111}ﬁ ch-apzﬁel“ 196, may declare any hn?, ot seh find-
Vllo e; Joned or discontinued, if the facts Wali)zgn made the
e Whenever such a finding shall havefailure for three
gzl)%boration ghall remove sud% hI’xl)znﬁirignt or discontinu-
h finding of a . ich
months aftisigcowning land over, through or I.uf}?él ::TJ}II;SP
ancle{ ?Eﬁ: Is]hall pass, may remove the sams ° be situated,
such. lin any town within which said lines H}Eas.fu highways,
;?12(; Ei‘eomove {he said lines from tfll ellhlxalzalt:n(’zitﬁeg to recover
upervisors sha
?nd Si({l}cla Ic):(;];flgzn? (?ngng the lines the expense for labor
rom

] . ing the property. )
e 1vedﬁggzr£§g§1gOF POLES. In case of dispute as 1o
the (exation of poles, pipes or o imgs Hedor chapter 52

] in condemnation proce o the
appmgzzgréﬁne the location. In no case, 2xc§p§rv{girn any
poncd - consents, shall poles be set, in frons O occupied for
owpsl e property, or in front of a bllllldlngﬁ et the
L ot urposes, uniess the commissioners thn finding
burizeisssn%cessary "and the court may review the '
sa

“(5) LIM
thorized in chapter 32 ghall no
commenced against the corpora
to use or possess lan
the commencement o

“ TS PROTEC ] .
corégl?agglehich ghall in any manner destroy, trim or 11

ines o
iure any shade or ornamental trees al_ogg any such lin
l,ystems, or cause any damage to buil

i 3 r property, except by _
11:;?1;'.6 0((:)1; gétgﬂc}i:%e 11Jcight so,to do has been acquired, sha
o s

be liable to the person aggrieved in three times the afztua
e »
damage sustained, besides costs.

N tion
t be taken nor oth_er ac
tion in respect to its rights

¢ such use or possesslon.

TTATION OF ACTION. The proceedings au- -

ds, unless begun within six years after :

TED, PENALTIES. Any such

ings, fences, Crops,
the,consent of the
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“(7) MUNICIPAL FRANCHISE REQUIRED. No light-
ing or heating corporation shall have any right hereunder

in any city or village until it has obtained a franchise from
such city or village,

“180.18 Wires over railroads. All wires atrung over any
steam railroad shall be tied to insulators fastened to double
cross-arms attached to a pole at each side of the crossing.
The poles if of wood shall not be less than six inches in di-
ameter at the top (if of other materials at least the equiva-
lent strength therecof), set not less than five feet in the
ground, securely guyed, and, unless the railroad right of way
is over one hundred feet in width, shall be set not more
than one hundred feef apart. The cross-arms shall be af-
tached to the poles by machine bolts, and braced by at least
one iron brace from each cross-arm to the pole. All wires
shall be maintained not less than twenty-five feet above the
rails, except street railway trolley wires, which ghall be
- maintained not less than twenty-two feet above the rails.*
“(2) Any person ordered by the public service commis-
sion to change its wires so as to conform to this section fail-
ing to comply with such order within ten days from the
service thereof, shall forfeit twenty-five dollarg, and a like
forfeiture for every additional ten days of noncompliance

with the order, unless a greater length of time to make such
change shall be granted.”

Order 1230. General.
. Application. This section covers all clearances in-
lving poles and wires. Clearances of lamps from pole
aces, from spaces accessible to the general publie, and
ight above ground are covered in Order 1286E.
Constant-Current Circuits. The clearances for con-
rrent cireuits shall be determined on the basis of
nominal full-load voltage.
Metal-Sheathed Suwply Cables. As far as clearances
oncerned, permanently grounded continuous metal-
supply cables of all voltages are classified the same
1 supply wires of 0 to 750 volts.
Maintenance of Clearances. When initial wire sags
reased, due to permanent elongation of wires or
t of supporting structures, so that the clearances
ons have materially decreased, slack should be

€e first paragraph Section 128,
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Order 1231 Horizontal Clearances of Supporting Struc-

{ures from Other Objects. _
Poles, towers, and other supporting structures and their

guys and braces ghall have the following horizontal clear-
ances from other objects. The clearance shall be measured
between the nearest parts of the objects concerned.

A. From Fire Hydrants. Not less than 3 feet.

Recommendaticn: Where conditions permit, a clearan
less than 4 feet is recommended.
B. From Street Corners. Where hydrants are located
at street corners, poles and towers should not be sejc so far
from the corners as to make necessary the use of flying taps

ce of not

inaccessible from the poles.
Q. From Curbs. Not less than 6 inches measured to the
street side of the curb if practicable.
firoad tracks are

D. From Railroad Traeks. Where Ta g
parallel or crossed by overhead lines, the poles shall, if

practicable, be located not less than 12 feet from the near-

est track rail.
ot less than T feet may

Exception 1: At sidings a clearance of n
driveway be left where

be allowed, provided sufficient space for a

ears are loaded or unloaded.
Exeeption 2: Qupports for overhead trolley contact conductors

may be located as mnear their own track vajl as conditions require.
If very close, however, permanent screens on cars will be necessary

to protect passengers. .
safe operating condi-

Exception 3: Where peceseary to provide

tions which require an uninterrupted view of signals, signs, ete,
along traeks, the parties concerned chall cooperate in locating poles
to provide the necessary clearance where practicable.

E. Protection from Fires. Poles and towers ghall be s0
placed, guarded and maintained as to be exposed as iittle
as practica.ble to brush, grass, rubbish or building fires.
Order 1232. Vertical

Rails.
The vertical clearance of all wire

erally accessible places or above rails
the following:

Clearance of Wires Above Ground or:

s above ground in gen-
ghall be not less than.
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TABLIZ 1
Minimuam iy earan o ir ¥ T Ol H
e tieal C anee es Above G
¥ v 1 f W d or Rails

(All voltages ar etween wir s erwise w g
are between ires unl ¥
S ess oth i i
e ‘ rwise stated. Supnl Ires

Guys; messengers;
com,munieatginn' 0; ine wi ;| Erolley, gontack
NN pen supply line wires, are | conductors and
p wires and servico dropa | associated span or

Nature of grouudigr rails underneath | ning protection
wires wires;permanently| - e e)
A:,;}t:ounded con- I
" ; | -
nuous metal 15,006 | Oto in’;;ce'?egl)

sheath cables 0te | 750

to 11
All voltages 750 15,000 50.800 VU’{EEDtO “;Ltg
volts volty volts | ground | ground

WHERE WIRES CROSS OVER
Track rails of railronds bhandli i et F !
: andlt 'eet Feet i A

card oo top of which men are pne%n?;géggt b27 b27 h28 - . S
Staci:ﬁicﬁleys or Toads in urban or rural K 2 =

kit 18 18 20
Drivewsays to residence garages____ 10 10 - . -

_____ 20 22 18 20

Spglt:{:; or waya accessible to pedestrians
_________________________ ¢ d15 15 17 el el8

WHERE WIRES RUN ALONG

18 18 20 = ” -
f14 15 18 20 ” "

FOOTNOTES FOR TABLE 1

. Whers subways, tunnel bri ire i

e Y & 3, or bridges require it, less clearances s b i

Ownrl_t‘tﬁ,th? by, I ;E Ireuvlieb)i(c;outact condustor should be graded vz;r;v;ﬁﬁ:ll\]g tfl:(?rl:l]r&?eu;le;%lllb!: Tabl: . ::.nay

.. This clearsnce m. ) 5 et

e ay be reduced to 25 feet where paralleled by trolley contact conduetor on th

: This clearance may be reduced as follows: B
Fest

(I) Tor communication eonductors of eircuits limited to ¥olif ko ground and catrying not more
4 o tall i60 18 b t
duet f ted t d and o 1

v than 50 watts_ __
: %2) For conductora of ot .
3) Forguys .o .. .___ 13
T?!i)s cslearance may be reduced as followa: ’
: upply wires {except trofl » imi
$9 Bupply i P ey coutact wirss) limited to 300
pply wires (except trolley cantact wires) limited to 150 \Yt?l]t?t?;rr;’ul;ﬁi and located at sutrances 1z
entranced

to buildings.
(3) Where supply eirsui
. ply cireuits of 450 volts or | ; S
. along fenced (or otherwi or less, with transmitted power of 1,600 watts or tess are run
apecified in Order 12257;]135? 3g.lfr_d_ed) private rights of way in accnrd'anccv:;ft‘is Lﬂﬁée;:oa‘,;&zl:}z;

ll'ey 'c'ontaut conductors for industrial railways when no of crossing over roadways may be placed
X b dust: h t al g
¥ 1 1 ¥ 0L along INg Y3 may bepl
o Fearance from ground is required for anchor guya not o !
g rossing streets, driveways
, roads, or ]Jdt'h“'ﬂ-.‘ E

aich i i i
or guye provided with traflie guarda and paralleling sidewalk curks

Basic Clearances. Th
the following conditiox?.s’,:C carances in Table 1 apply

emperature of 60° F., no wi

Span lengths 0 to 150 fee?: wind
Voltage 0 to 50,000 volts.

Fixed conductor supports-.

For_. other conditions see Order 1232B
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B. Increased Clearances. Greater clearances than given
in Table 1, Order 12324 shall be provided under the follow-
ing conditions, The increases required in 1, 2, and 3 below
are cumulative where more than one applies.

1. Spans Exceeding 150 Feet.

Exception: Trolley contact conductors are ‘exemp

rule.

(a) General. For spans exceeding
ance shall be increased by 0.1 foot for eac
excess over 150 feet. Qee (¢) below.

(b) At Railroad Crossings. Where
duetors is determined by the presence of railroad or r
way tracks in the span, the increase in
termined by the following:

Where the distance from
the farthest track rail does not ex
is required.

Where this distance exceeds 7
of excess. See (c) below.

(¢) Maximum Increase in Clearance.
clearance given by (a) or (b) above need not
feet provided conductor sags are
tension in the conductor
centage of its breaking load.

Note: The maximum increase in cleara
from the National Tlectrical Safety Code.

clearance is for heavy loading districts only.
for light and medium loading districts is more.

9 Voltages Exceeding 50,000,
clearances given in Ta
at the rate of 0.5 inch for each 1,000 volts

8. Conductors Supported by Juspension
at Crossings over Track Rails. The clearance shall be
creased by such an amount that the
1, Order 12824, will be mai
ductor in either adjoining spa
ported as follows:

(a) At one supp
suspended position, and at
which are not free to swing
sulators).

(b) At one suppor
support by semistrain-type insulators.

4. Methods of Avoiding this Increase of Clearance.

of the following construction me

of the excess.

ted from this

150 feet the clear-
h 10 feet of the

the clearance of con-
ail-

clearance may be de-

the nearer crossing support to
ceed 75 feet, no increase

5 feet, 0.2 for each 10 feet

The increase in
exceed 2.5

such that the maximum
does not exceed the gpecified per-

nee of 2.5 feet was taken
This maximum increase in
The maximum inerease

For these voltages the
ble 1, Ordex 1232 A shall be increased

~Type Insulators
values specified in Table
ntained in cage of a broken con-
n, if the conductor is sup-

ort by suspension-type insulators in a
the other support by ingulators
(including gemistrain-type int

{ by strain insulators and at the other

thods will avoid the neces-
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gity for the i e ]
Y e increase in clearance required by Order 1232,
{(a) Suspension-t i i
at bl maponele ype insulators in a suspended position
E]é)) iir;:igreani]mtfpef insulators at both supports
> ement of insulators h '
strained from displ e oo ey are xe-
placement toward the crossi
o 211 e crossing.
oy W}S;‘zg;piz Pole_ Wiring at Underground R%sefrs. Sup-
D e nnecting to underground systems shall not %))e
oser to the ground than iz indicated by Table 2;

TABLE 2
1
earance Above Ground For Open Supply Wiri
ng

Voltaze

740 to
15,000
volts

0 to 750
volts

More than
15,000

volta

Foet

b
. i i

Order 1233. Wire Crossing Clearances.

Th !

and Ce; si‘?gé aéllfed?fggng? any two wires crossing each other

Following supports shall be not less than the
A, Basic Clearance

8. The clear i i

low apply under the following coigfteiinily en in Table 3

Temperature of 60° F i

Fhaperat - ho wind.

t'Wc) hete ; itﬁ;gofmﬂ;ged;setgfces from 1Ehe peint of intersection of
eva g g o o i rer supporting structure of each span

Co}:lill:ett(ﬁ‘es u[%pila.r conductor or wire has fixed supports

Hosss ot coluntl)ns g}lles lope'rating at the voltages indic;tfed at th
e 1 hou d, in general, be installed above th;)se to t .

, where a clearance iz given in boldface type ° the

in-

Inere
; ;?asoer% ;’.lelagggcﬁs. hGreater clearances than given
ey i der , shall be provided under the fol-
e increases required i
%V%mre o oarec llile;r 2 and 3 below are cumulative
ud Segfuzléﬁr%ué? E}fa tﬁesDistances from the Nearer Sup-

100 Dot ch Span to the Point of Intersection
¥ this condition the .

] clearances given in Tabl

A, shall be increased by 0.1 foot for eafchelg’ fgg’;

Any.
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TABLE 3

Wire Crossing Clearaneces

{All voltages are between wires except for trolley contact wires where vollages nro to ground)
i 3 that in general the lines operating at the voltage named

{The insertion of a given clearance tn italies indicate: the vo
ahove thig clearanse should r:ob croas over the lines ab the voltage to the 1eft of the ¢learance i italies)
R

Open supply wites (Guys, mes-

Open supply wires 0 to ;
750 volta and perman-| and service drops BEnZers,

ently grounded conbin- &pan wires,
Nature of wires crossed over | Communi- uowug—metal-sheath sup- lightning
sation ply cables of all volt- protection
wirea ages wires(a)
750 to 7,500 to
Line Bervice 7,500 50,000
wires drops volts volis
e e et A o
Teet Feet Feet Feet, Feet Feet

Communication, including eahles
and MERSERERIS_ aum oo cammen-

ki
Supply cables having permanently
grounded continuous metal sheath,
all volfagen - uvooaemammaemae
S ———

Open supply wires:
040 750 voltg. ooce e m o m e
750 to 7,500 volts.
7,600 to 50,000 RT3 1 P ———

Trolley Contact conductors. .. -----
R

Ghys, messengets, pan wires, light-
ning-proteetion wires, gervicedrops!
0o 750 volts

FOOTNOTES FOR TABLE 3
s of guys attached to sup orting stractures hiaving oo vonductor of more than
s clearance from each other. . X
\ion conductors and their guy s an, and Iessenger wired from rash other in
£ conductors are involved may be reduced by mutual consent of the parties
hody having jurisdietion, except for five-alarm wires and
& of conductors is for public use and the other used in the

ahove ihe communication conduector,
crogsing apd the voltage to groand

3. Completely insulated seetion:
7,500 yolts may have leas than thi

b. The clearance of communica
locakions where no cther classes of
coucerned, subjeot to the approval of the regulatory
wires used in the operation of railroada, or where one se
operation of supply systems.
o A clearance of 2 feet may be permitted where the supply condustor is
provided the crossing is not within 8 feet from any pole concerned in the
does not exeeed 500 valts. .

&. Trolley-contact conduetora of more shan 750 volts should have at least 6 feet clearance. 'This clearance
ghould also be provided over Tower-voltage trolley-contact conduotora unless the crossover conductors are be-
yond reach of a trolley pole leaving the Froliey-contast conductor or are suitably protected agsinat damage
From trolley polesieaving the trolley-contact conduotor. X

a. Trolley feadets ars exempt from this elearanes requiremeit for trolley-contact conductors if they are of the

same nominal voltage and of the same systen.

eet. This increase need not exceed

of the excess over 100 f
ctor is such that

2.5 feet when the sag of the upper condu

the maximum stress in
gpecified percentage of its ultimate stress.

Note: The maximum increase in cleara
from the National Tlectrical Safety Code.
clearance is for heavy Joading districts only. The
for light and medium loading distriets is more.

9. Voltages Exceeding 50,000. Fo

clearances given in Tab

at the rate of 0.5 inch for each 1,000 volts of the excess.

that conductor will not exceed the

nee of 2.5 feet was taken
This maximum increase in
maximum increase

r these voltages the
le 3, Order 12334, shall be increased
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3. X
o Clﬂgsgggzto;sefuggﬁted 1_)y 1:S'uspengion—Type Insulators
o cpossings over C Shmumcz_a, ion Wires. For such con-
N all be increased b
that the values specified i e, ount
t the ! a n Table 3, Order 1233A, will
;npzlrllltalfleq Sn case of a broken conductor in either ;md?;ce?li
(a,) pz (erI ed sach conductor is supported as follows:
i Ol Jupport by, suspension iype insulators in 4
er on, a ‘the o er support by insul
not(bf)lez tto swing (including semistrain-type sirnsulgtiizgs
o one supporlt by a strain insulator, and at the oth.
) uﬁl_}jﬁf gy s} j{ammtrain—type ‘insulator )
. Methods of Avoiding this Increase of.Cl
: . ear .
gift ;hfoﬁoﬁ;);vimgn const.ructlon methods will avoicirJl Iil:fli ne%.cf]ssz
e nerease in clearance required by Order 1233,
{a} Suspension-t; i i
2t okl e ype insulators in a suspended position
(b) Semistrain-type insul
! ators at both su ¥
| t~(c‘) Ary angement of insulators so that pt%(:yts'are
strained from displacement toward the crossing re—

‘Order 1234. Clearances of C
onductors of > Li

A Other Conductors and Structures. of One Line From
_ eaéagiza?ﬁn;is fgf)m tConductOfrs of Another Line, The
| v direction between an nd Ny
ine and any conductor of a second onfl _uct01 o o
by s, ey conductor ond and conflicting line shall
e est i

ot 600 T il uo ngfnd. value required by 1, 2, or 3 be-
é Four feet.

. The values required b
2 _ v Order 1235, A, 2, (a) (1
f’(ﬁ: separation between conduetors on the sarr(le)sugagostr
. plug E(L)pé)ai;ecll?lt sag of the conductor having the greatell

2 . per kilovolt of the highest voltage con-
B. Clearances from Su )
: pporting Structures of A
Conductors of any line passing near a poie of Z?ﬁf;:

hcg]_;hereto, shall have clearances from any part of such
b_e not less than the larger value required by eith

-below at 60° F. and no wind. yemer

%h__ree feet if practicable.

‘Hie values required by Order 1235, A, 2

(:)i'lé"-sgfcaéatm:il 1]‘;)etivveen similar conductors (01) t}(ule )s;rrrllg

rt, ased by 1 inch for each 2 feet of i

e Y et eet of the distance
2 ) ure of the seco i

supporting structure of the first linz.d Hine fo the

upporting structure of a second line without being at-
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h the structure of the second line
onductor of the first line.
1. General. Conductors
d so as to hamper and en-
performance of

The climbing space o
shall in no case be reduced by a ¢
C. Clearances from Buildings.
shall be arranged and maintaine
danger firemen as little as possible in the

their duties.
2, Ladder Space.
(or 50 feet) in height, overh

where practicable so that a cl
feet wide will be left, either adjacent to the building or be-

ginning not over 3 feet from the building to facilitate the
raising of ladders where necessary for fire fighting.

Exception: This requirement does not apply where it is the un-
varying rule ef the local fire depariments to exclude the use of lad-
derg in alleys or other restricted places which are generally oceupled
by supply lines.

8. Open Supply Conductor
Where the permanent attachment of open supply conductors
of any class to buildings is necessary for an entrance, such
conductors shall meet the following requirements:

(a) Conductors of more than 300 volts to ground shall
not be carried along or near the surface of the building un-
less they are guarded or made inaccessible.

(b) Clearance of wires from building surface shall be
not less than those required in Table 9, Order 1235 A, 3,

(a) for clearance of conductors from pole surfaces.

4. Conductors Passing by or Over Buildings. (a) Mini-
mum Clearances. Unguarded or accessible supply conduct-
ors carrying voltages in excess of 800 volts shall not come
closer to any building or its attachments (balconies, plat-

forms, ete.) than listed helow.
(1) Spans 0 to 150 feet.
TABLE 4

Clenarances of Supply Conductors from Buijdings
-

-
Vertical clearance

Voltsge of supply conductors Horizontal clearances

Where buildings exceed three stories
ead lineg should be arranged

ear space or zone at least 6

s Attached to Buildings.

-
Feet

TFeet

300 to 7,500 cceccrmmeamn 3 3
7,500 to 15,000 8 B
15.000 to 50,000, -
Txeeeding 50,000 - o oomeeme-

Note: See Order 1304.02 b, for lower voltages.

10 0
10 plus 0.5 inch per kv. in eRcess 10 plus 0.5 inch per kv. in excess

{2) Spans Fxceeding 150 Feet.

Where span lengths excee .
ances required by Order 12382, B, 1, shali be provided.

.less than given in Table 5.

d 150 feet, the increased clear-
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Exception: These inecrea
: sed clearances are not requi y
voltage of the supply conductors is from 800 to 7,58311\1,*];??5 where the

éb) Crosging Roofs,
upply conductors exceedin
! icte g 7,600 volts should
Ei,.rig;ed over buﬂdmgs:. not concerned in the operationn(?fJE tllz:

1‘;7 }31/ ovygqng them, if this can be avoided

en it 18 necessary to attach wires to tﬁe T i

_ _ oofs -
181155&11:212 su%};ﬁrtmg stfrueture shall be of substan’(c)fa}négg—
S . erever feasible, wires crossing ove ild-
ings ghall be' sqpported on structures which are inl;lebléﬂg
ent of the buildings crossed over. pene

S(c:) (l}uardldng of Supply Conductors.

upply conductors of 300 volts or more sh
. all be pr ¥

f‘};larded by grounded conduit, barriers, or otherwigi ?Jprfély

e( ffll‘?‘}nfmg conditions: - “

here the clearances set forth i
in Tabl ¥
123(;,) Cwélﬁ (a), ( 1})1, can not be obtained. able 4, Order
ere such supply conductors are placed

enoplgh to W.lndOWS, verandas, fire escapes, orpotheer ;:3;11-‘
narily accessible places, to be exposed to contact by persons

Note: Supply conductors in
ote grounded metal-
<_:0n51d91ed to be guarded within the meaning of tfgli:a:ﬁg cable are

D. Clearances from Bridges. 1. Clearances of Conduct-

“ors from Bridges. Suppl i
es. y conductors, not inst i
- grounded conduit or metal-sheath cable, which pasznsgdelf

over, or near a bridge shall have clearances therefrom not

TABLE 5
Clearances from Bridges

Readily accessible portions {other th i
‘ : than|From crdinarily i i i
S e e A e
. tnctuding ridge at- gg:f&; or masonry) and from abut-
For conductors | For conductors | F
5 ar cond
alﬂ:ﬁghed go not attached attachegﬂggm F;ln;tcg]t}fi%%teoéﬂ
ge (o to bridge bridee fe) to bridga(d)
Feet Feet Feet Peat
_____________ 3.0 3.0
2.0 3.0 IR 3
3.0 3.0 3.0 3.0
.0 5.0 5.0 5.0
it 7.5 7.5 7.5
7.5 9.0 7.5 9.
7.5 12.0 7.5 150

=
i 5;?: ?a:ii s.“uai‘?{:leuéll g;}éz 2;1 ::r ﬁzgr bridges the cltt;,a\'a,mes of Order 1232 apply.

d ¢ ; on magonry, brick, : ts whi i
Cuﬁél:gtegg(;? shlz&]l be considered as readily ng’c’essilglc ;thr;g::};cte abutments whicl: sequiro froqueat

eators 'slllzillﬂd]}lli:]‘\’rz %ﬁarzinua netless than given in this unlu;nn, whete practicable

: e clearances given in this column inereased ag much ag grae;;iaahle
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9. Guarding Trolley Contact Conductors Located Under
Bridges. (a) Where Guarding is Required. Guarding 1is
required where the trolley contact conductor ig located 80
that a trolley pole leaving the conductor can make gimul-
taneous contact between it and the bridge structure.

(b) Nature of CGuarding. Guarding ghall consist of a
substantial inverted trough of non-conducting material lo-
cated above the contact conductor, or of other suitable
means of preventing contact between the trolley pole and
the bridge structure.

Order 1235. Minimum Line-Conductor Clearances and Sep-
arations at Supports.

A. Separation Between Conductors on Pole Lines.
1. Application of Rule. (a) Multi-Conductor Wires or Ca-
bles. Cables, and duplex, triple or paired conductors sup-
ported on insulators or messengers, whether single or

grouped, are for the purposes of this order considered sin-

gle conductors even though they may contain individual
conductors not of the same phase or polarity.

(b) Conductors Suppprted by Messengers or Span Wires.
Clearances between individual wires or cables supported by
the same messenger, or between any group and its support-
ing messenger, or between a trolley feeder supply conduct-
or, or communication conductor, and their respective sup-
porting span wires, are not subject to the provisions of
this rule.

(c) Meagurement of Clearances. The eclearances and
separations atated may be measured from the center of the
supporting insulator instead of from the conductor itself.

2 Torizontal Separations between Line Conductors.

(a) Fixed Supports. Line conductors attached to fixed sup-

ports shall have horizontal separations from each other not
less than the larger value required by either (1) or (2) be-
low for the situation concerned.

FException 1: The pin spacing at buckarm construction may he re-
duced as specified in Order 1236, T, to provide climbing =pace.

Exception 2: The pin spacing at bridge fixtures may be reduced
as specified in Order 1235, C.

Exception 3: Grades D, E, and N need me
ments of (1) below.

(1) Minimum Horizo
ductors of the Same ©
shall be not less than given in Table 6.

et only the require-

ntal Separation Between Line Con

r Different Circuits. Separations:
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TARLE 6

Minimwmwmn Horiz
rontal Separation n
' t Support '
of the Same or Diffelrents gi‘l:'tc‘l"’lft‘;n Line Conductors

Cluss of elreui
clreuit Separation Notes

Communiestion conduetors Tnches
i 6 Praferable mini
inimum, Doesnotappl
conducter transpositicn pnimbsx.pI yab

3 Permitted where pi i

; pin spasings lcss th
inches have been in regularisc. Dal\:rrlmf
apply at condusctor branspusition pninis.

Railway feeders.

040750 volts, No, 4 /0 er larger [i]
€ to 750 volts, smaller th
, an No.4
o 0.4/0 . 12 Where 10 to 12 inch scparation has already
B 7 500 volta " (l!)ggltll t;stalbhahg!i ;t:y practice, it may be
- miinued, subjec to the provisi
wer supply cundulctors 0 to 7,500 volts 12 g;g:ie}i's&gél Z'ﬁ(a)l (23)'1' forl:;pan: ?‘Eii:’g
. not ever 3 feet and for volt-

ages not excesding 7,500,

Emr all_eonductora of m,
h : ore than 7,500 volts
s:'oclltsf'or each 1,000 volts in excess of 7,560
0.4

(2) Separations Accordin

: g to Sags. The s i
E}fxegiggggzzb %f conductors_ of the same or dif‘feigi?ﬁl?&iii
e th’ f‘ 1(;1" C shall in no case be less than the value;
ey e following formulas, at 60° F., without wi dk
T quirements of Order 1235, A, 2, (a) ’1 1 it they
give a greater separation than this ’ru,le 1o APPIYIf they
For line conductors smaller than No: 2, AW, G.:

. Ser.)aration =:0.3 inch per kilovolt 4 7\/% -8
or line conductors of No. 2. A. W. G, or Jarger:

Separation = 0.3 inch per kilovolt - 8\/ 1%

here 8 is the a :

A pparent sag in inch

ha inches of th

aving the greater sag, and the separation is 1'(;1 i?éﬁlctor

TARBLE 7

|.:'inu'atinn n Inciics WIT e L O IRz &
i Ineh R d for I .
: (=10 Lr} ine Conduetors Smaller Than
Neo. 2 A. W, (. with Sags of 36 Inches or More

Hag (in inches)

36 48 72 a6 120 180 240

14.0
_______ NN SN AN AR RN
....... ;22 24.0 390 38.5 ﬁég gig gég
mE e | ut | as | a0 | @ |
__________ me an | gw o owd | ows | A
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b 3 .
PABLE : me(nt? b‘%i%igslscg; Insyllato_rs not Restrained From Move-
geparation in Inches Reguired for Line Conductors of Size No. 2 : restrained fr pension insulators are used and ar
‘A. W, G. or Larger with saps of 86 inches ov more ; surf ; rom movement, the conductor cle ?f not
[ — rifaces of supports, fr arances from
- i , from span or guy wi .
L mwlmee tllcal or lateral conductors shall be suvh that the from ver-
1 96 120 150 219 : Z-I?ailr'las;n(llei required by (a) above will be Iiaintijva%les-()f
i n
20.0 2.0 25.5 31.0 36.0 : . Conductor Separation— : position.
s gyl us | BB duhon orcable may bo Vertical Racks. Line Con-
- - - 3. 38. : s s carried on verti .
%o\ g | ws | 880 | 808 s1d(e ;)f ric‘}ﬁe pole if all the following condiggils I;LkS 01131 one
. 2. 26.0 28.0 32.0 37.5 42.5 a € Imet.
; : R LR B S 750 volt e voltage of conductors shall be not mo . th
. . 32.0 30.0 48.5 44.0 49.0 E volts, except that cables havi re ihan
. 28 ds | 50 | B0 | 885 continuous metal sheath ma ving permanently grounded
_——g—,fff—!—f : ¥ carr,
' (b) Conductor y any voltage.
. . : : s sh .
(b) Suspension Insulators not Restrained from Move- — ° terials. all be of the same material or ma-
(c) Wit i :
) h a 4 inch vertical separation the spans should

ment. Where suspension insulators are used and are not
restrained from movement, the conductor separation shall
be increased so that one gtring of line insulators may swing
transversely through an angle of 45° from a vertical posi-
tion without reducing the values given in (a) above.

3. Clearances in any Direction from Line Conductors to
Qupports, and to Vertical or Lateral Conductors, Span or
Guy Wires, Attached to the Same Support.

(a) Fixed Supports. Clearances shall be not less than

given in Table 9.

g;;ﬁ)ie trllrlfat sﬁgfle&alﬁ%g feet. With an 8 or 12 inch sep

n . -
or (232 5 feet respectivgly. should not average more than 200

ee Table 9, Order 1235, A

’ y ’ 3, G u N .
f11',om‘ pole surfaces and Order 123fgr élecfbsj? ry clearances };
P g*ﬂglng climbing space.) » & 1, for method of

. Separation Between Su
o e pply C :

ggggfgt Classifications on thep gamzngggzzri&ffi Dlg oo
Table llor(s)rgiralnzu‘;ggone voltage clagsification as. o'ivgr?pilg
bross arm with » A, 1, may be maintained on the sam
classificati supply lines of the next consecutive volt: .
“(a) If the only under the following conditions:
y oce i iti : :
_pole. upy pin positions on opposite sides of the

TABLE D

Minimum Clearance in Any Direction from Line Conductors to Supports,
and to Vertical or Lateral Conductors, Span or Guy Wire,
‘Attached to the Same support

Clommunieation lined Supply lines
O to 800 valis | Fxocedi ~(b) If in bridge- :
0 to 7,500 wolis | Hxpeednk coparated bridge-arm or side-arm construction th
Clearanse of line conductors from— On jointly On jointly [add foreach parate by a distanc f 101 ey are
| use o | used | 1000 vequired for tance of not less than the climbi
general poles general poles volts of : € or the hlg'her VO]tage concerned lng Space
exoces Order 1236. ned and provided for

““(e) If the hi

: gher-voltage condu

in L ctors occupy t

in DOS.I‘IEIOHS and the lower-voltage conduct p?’ e ?Uter

.1.]1((?)0811:10]18- ors the inner

If series lightin imi

d) L g or similar circuits, whi

. ;r%iccéiiiddurmg pilillods of work on or ,agzvle?}‘zhirgr;);
: , occupy the inner pin positio ’ wer-

ta)g‘elgogldu%tors oceupy the outer pin porsli’?i?)g the lower-

) s e0 WO tl.mes concerned are communicé‘cion lines

par e (;;)Oer‘?(ﬂl?; gi dsupply lines, and supply lines 0%

1 ; Its, are owned b ili

OVI_d__Ed they are installed as in (a) ory( E};ea%irg: uiE,

[ — U R
Vertical and Lateral conduetors. Inches Inchen Tnches
AL Sireais. o emmmmmooommmmmmmmpmemms 3 3 .25
Span apd guy wires attached to same pole.

Fe T R
When parallel toline. oo omeonmmmmom oo

Lightning protection wires parallel tolie..— -
Gurfnees of Cro88 ATMA. « - oammmmmmmmn o =mm0"

Surfaces of poles o cccmmsmmmsummmmmmmmmTe

(2 (2) hetwveen twd:

a. If practicable.
by Table 6 cr Order 1233, A, 2,

. Clearanceshall not beless than the reparation required
line conduactors of the yoltage coneernsn.

¢. Cotomunication conductors may be aitached to supports on the sides at bottoms of cross azms or surface
of poles if at least 40 inches from any supply Tine of less than 7,500 volte and at Ieast 60 inches from an¥ suppl
line of more than 7,500 volta carried on the same pole, .

d. This cleurance spplies only to supply conduckors carvied on cross arms below communication condueto
oG joint poles. Whers supply conductors are above communication sonductors the clearance shall be at least

3 inches.
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wetors Attached to Build-
each other shall not be less

der 1235, A, 2, (a), (1).
upports.

B. Separation Between Condr
ings. Separation of wires from

than those required in Table 6, Or
for separation of conductors from each other at s

Conductors on vertical rac
5, A, 4, may have a separa

ks meeting the require-

Exception:
tion of 4 inches.

ments of Order 123
tached to Bridges.

C. Separation Between Conductors At
and supported at

Supply conductors attached to bridges
frequent intervals may have less separation at supports

than required by Order 1235, A, 2, (a), (1), and (2 The
separation shall not be less than the clearance between
supply conductors and the surfaces of poles or cross arms
required by Order 1235, A, 3, (a), or less than the follow-

ing:
Separation inches

Span Length
0 to 20 feet 6
20 to 50 feet 9

Order 1286. Climbing Space.

A. Location and Dimensions. 1. A climbing space hav-
ing the horizontal dimensions gpecified in Order 1236, E,
shall be provided past any conductors, cross arms, or other

parts.
2. 'The climbing space need be provided on one §
corner of the pole only.
3. The climbing space
conductor or other part between levels
conductor as specified in Order 1236, E,
may otherwise be chifted from apy side or cOTHEY
pole to any other gide or corher.
B. Portions of Supporting Struc
Portions of the pole or gtructure w
or corner of the climbing space at buck or reverse-arm con-
struction are not congidered to obstruct the climbing space.

C. Cross Arm Loeation Relative to Climbing Space.

Crogs arms should be located on the 8

ide or

shall extend vertically past any
above and below the
F, ¢, and I, but
of the

tures in Climbing Space.

Recommendation:
of the pole.
Exeception: This recommendation does mnot apply where double:
any pole are:

eross arms are used on any pole or where cross arms OB

not all parallel.

D. Location of Supply Appara
Space. Transformers, regulators, lightning arresters, an
awitches when located below conductors or other attach
ments shall be nounted outside of the climbing space. '

us Relotive to Climbin

hen included in one side

ame side :
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E. Climbing Spoce thro
ugh Conductors On Cross Arim
krr(rjlondglqtml;s' cf Same Voltage Classification on Same Cros,sé
horiz.onta,lm(lii :rrll(il Ss;:pace bet\yf;aeél conduetors shall be of the
ons specified in Table 10, (Ord
E, 8), and shall be provi s eons tho Hne.
, 3), : provided hoth along and across the 1
:Eg %};?;ivb?hgrﬁﬁ(‘:?d vertiically not less than 4 feet Zblon‘fé
1iting conductors. Where communicati
‘crglllt(iucggrs alt}*e a.bove supply conductors of more tha.nc";1 51(()){)1
vol t,6 fe climbing space shall be projected verticalh’r al
8 eet above the highest supply conductor.

Exception: This Order d

: : oes net apply if it is th i

S;?EE&; ]gzyzl;ﬁl ir}l:ployegs concerned to prohibit employ:esmi}:;?l;sg
e . a B

pendn eonductors of the given lime, unless the line is

Sa?I.IGCgI;ductzris of Dﬂferept Yoltage Clasggifications on the

ame O 08s Arm. The climbing space shall be that re-
quired by Table 10, (Order 1236, E, 8) for the highest volt
age of any conductor bounding the climbing space o
3. Horizontal Climbing Space Dimensions. ‘

TABLE 10
Minimum Horizontal Dimensions of Climbing Space

Hotizontal dimensions of climbing space (inches)

Voltage of conductors

© Character of conduot-
ndue Qu polea used salely by— On jointly used poles

. ora adjacent to elimb-
ing Bpaca
) %upply ¢on- | Communica-
o ground Betweon | Communics- | Bupply con- hol:rgtt?;u- t:ﬁ? tc iy
wires tion eondue- | ductors nication abm?n Oﬂl{fp-
fors conduetars ply con-
! Communication con- 0to 150 e
: Gommunicafion won- | 0 180 |.ooooooooo No requi
uotors megt. O |rmmee (b Non::'eq'tl ire-
ey
Exceeding 24 res
____________ com-
160 megc?le.d ------------ ) 24;163?(;“ ;1
. e
Less )
ipply eonductors, 336han . 24
_______________________ 24 30
300 to 7,800 [o..... 30 30 ki
..... 3]
............ 36 36 36
T N
xeeeding Morethan | Morethan | More than
, ¢ 36 o 36 ¢ 36

: T.his relation of levels i i i
he atl is not, in general, desirablo and should be nvoi
Whore prﬂiﬁ%ﬁe Eﬁ? be the same as required for the supply :ﬁﬁ"fl‘.?gc'm immedi
i able. enticn i3 ealled to the operating requirements of Orde?ldé,;tcly above.

. Climbing S
ng Spuce on Buckarm Construction. T
th'of climbing space shall be maintained on btilci;frg
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construction and shall extend vertically in the same posi-
tion at least 4 feet (or 6 feet where required by Order 1236,

E, 1), above and below any limiting conductor.

Method of providing Climbing Space on Buckarm Con-
struction. With circuits of less than 7,500 volts and span
lengths not exceeding 150 feet and sags not exceeding 16
inches for wires of No. 2 and larger sizes, or 30 inches for
wires smaller than No. 2, a six-pin cross arm having pin
gpacing of 1414 inches may be used to provide a 30-inch
climbing space on one corner of a junction pole by omitting
the pole pins on all arms, and inserting pins midway be-
tween the remaining pins o as to give a spacing of T4
inches, provided that each conductor on the end of every
arm ig tied to the same side of its insulator, and that the
spacing on the next pole is not less than 1414 inches.

G. Climbing Space for Longitudinal Euns. 1. General:
The full width of climbing space shall be provided past
longitudinal runs and shall extend vertically in the same
position from 4 feet below the run to a point 4 feet above
(or 6 feet where required by Order 1236, E, 1). The width
of climbing space ¢hall be measured from the longitudinal

run concerned.

& placed on the side or
provided, the width of
from the center of the
under the follow-

If a supply longitudinal run i
o where climbing space is
be measured horizontally
1y conductors on Cross arims,

Exception:
corner of the pol
climbing space shall

pole to the nearest supp
ing conditions:

Where the longitudinal Tun consists of open supply conductors
carrying mnot more than 760 volts or of permanently grounded con-
tinuous metal-sheathed supply cable carrying any voltage, and is
supported close to the pele as by brackets, racks, or pins close to the

pole, and

Where the nearest supply conductors on €ross arms are parallel
to and on the same side of the pole as the engitudinal run and
within 4 feet above or below the run.
If a longitudinal
nd 6 feet helow supply
g, it shall be protected

2. Protection of TLongitudinal Runs.
run is located between points 2 feet a
line conductors carried on cross arm
by a suitable guard arm securely
by substantial insulating conduit,

extend to the

following distances from the pole center:

Longitudinal runs in general oo oom—o—msm——pmmm oo
Longitudinal runs of grounded metal-sheath cable uninsulated
Trom metal supports attached to the pole_—_---- i

fastened to the pole, or’
Quech protection shall:

Inches:
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MES. ii’zagggénig;l Ssﬁg%ceI;IPast (Tifertical Conduetors. Vertical
I itable conduit or other protecti
ing and securely attached t the pole or struc.
o the surface of the
L pole or struc-
tuEe aélﬁ nbojc congidered to obstruct the climbing space.
clirr.1bi imbing Spa,c_e near Ridge-Pin Conductors. The
elimb E%inazﬁ szt)emﬁed in Order 1236, E, 3, shall he pro-
e the top cr ¥l i
Tded : p cross arm and past the ridge-pin con-
Exception: Where a sin
_ : gle eross arm.carryin, 1
gfrsl :fo‘[rl!(lioullréf)ed tslf: th]z%t ]ihe eonductors are 2 i‘e;: bgelgzlvs; Z?;?gl(iaoitiiélgc:
] r, the climbing space specified in O 1
pin condustor, the « ing sp; in Order 1236, E, 8, shall
et p to the ridge-pin conductor, but need not ba carried

OrgerL1237. Lateral Working Space.
. Location of Working Spaces. Worki
: 07 i1 . orking g
}:)1(; prqwd?d on the climbing face of the pole zi: egi}iesshall
e climbing space,. side of
B. Dimensions of Working
' ng Spuces. 1. Along th
;ﬂu*ang. tThe WOfklng‘ space shall extend from t%e cfirggi(ils .
p:2 ePo the outmost pin position on the cross arm ¢
. Perpendicular to the Cross Arm. Th in
1 . e work
%};agérhiggﬁthe same c}lmgnsion as the climbing sér;,%esp{zg:
, B). This dimengion ghall be measured from

.the face of the cross arm.

3. Vertically. The working
. T ing space shall have a hei
Iers;ﬁt(?anfth.at required by Order 1238 for the Ve1["t(:ailcga}lltsl;gE
n of line conductors carried at different levels on the

, CW i}%ﬁ?(}gﬁi GT;’eq't’zi‘cgl aned lffcateml Conductors Relative
ses. e working spaces shall not
tructed by vertical or late Ay
‘ ral conductors. Such conduct-
hz iﬁ?rlxlb ll;leg Ig;z;;e{c)i on til:lkf oripos;)ite gide of the polenfi*l(();;cn
i r on the climbing side of th
istance from the cross arms Ay
stance at least as great as the wi
climbing space required for the hi . e
f ' the highest-voltage cond
s conecerned. Vertical conductors incl i table g
r's osed in -
L11_t.may be. attached on the climbing side of thsé1 %i?é.e o
o i{I;ocat?,on of Buck Arms Relalive to Working Spaces
o pﬁ*?\fi 51;33;}];)&3 111'se(113 'under any of the followihg condi-l
1S, e climbing space is intai imbi
acc_asrélay be obtained ag in é)rder IZIggmft‘amed Climbing
andard Height of Workin ce.
¢ ¢ Space. Lat -
g %pace of the hglght required by Table 11, (Oerrc?;r xa{grdlg
) may be provided between the buck arms and a.djacenf‘;
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line arms to which conductors on the buck arms are not
tached. . .
a Method of meeting requirements. This may b'e 4Cccon-
plished by increasing the gpacing between the line cross
ains. g
arrzn. g‘f&edm:ed Height of Working Space. Where. no (313-
cuits exceeding 7,600 volts between conductors are 1nvolve2 ,
and the clearances of Orders 1235, A, 2, (a), (1) .and ( )‘
are maintained, buck arms may be placed between line arr?)b
having normal spacing, even though s_uch buck armskf) -
struct the normal working space; provn%ed t}‘lat a ?vor_mﬁ
space of not less than 1% inches in height is maintaine
aither above or below each line arm and each buck arm.

. ertical Separation Between I:.ine Conduct-
Ordegr;,zgiblez and Equigment Located at Different Levels
on the Same Pole or Structure. _

All line conductors, cables, or equipment located at dif-
ferent levels on the same pole or structure shall have the
vertical separations set forth below.

A. Vertical Separations Between H orizontal Cross Arm's.
Cross arms supporting line conductors ghall be spaced in
accordance with Table 11. - . _ 1

1. Basic Separations. The separathns given in t}le ffo(;
lowing table are for cross arms carrying conductors o
to 50,000 volts attached to fixed supports. .

9. Increased Separations for Voltages Exceeding 50,00101.
For voltages greater than 50,000, the _clearances of TabEe :
shall be increased at the rate of 0.4 inch per 1,000 volis o

the excess.

izontal Cross Arms. Where line conductors are supported
not less than the following:

separation required by Table 11 may be reduced as follows

Separation betwee
conductors may:.

be reduced to
16 inches
40 inches

60 inches

‘Where cross arm
separation required
by Table 11 is

B. Vertical Separation Between Line Conductors on Hor-

i ired in Order 1238, .
n horizontal cross arms spaced as require .
:)f& the vertical separation bhetween such conductors shall be i

. re Conductors on the Cross AI‘II"I are of the Sa.me‘:ﬁ
Vollta‘gfahglassiﬁcation. Under these conditions, the vertical
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TABLE 11
Vertical Separntion of Cross Arms Carryving Conductors
Bupply conductors; preferably st hgher levels
0 to 750 volts 15,800 to 50,000 volts
Conduetors usually af lower levels and perman- 750 to 7,500 to
ently grounded |  7.4500 15,000 Same Difierent
continioug volts volts utility utilities
matal-sheath
eables of all
voltages
Communijeation conductora:
General . o alb4 £ [ S P, [}
2 ¢ 2 4 4 i}
Supply conduaetors;
0ta750valte, .. 2 d?2 4 4 6
750 volts to 7,600 velta. - ...l .. éd2 4 4 [
7,400 volta to 15,000 volts—

If worked on alive with long-handled
tools, and adjacent cirouits are neither
Lilled nor covered with shields or protee-
tora

If not worked on alive except when ad-
jacent circuits (either above or balow) are
killed or covered by shields or protectors,
or by the use of long-handled tools not re-

quiring linemen to go between live wires 2 ed o4
Fxeeeding 15,000 volis, but not exceeding
50,000 volta ad ad

. & Whensupply circuits of 550 volts or less, with transmifted power of 1,600 watta or less, are run. below eom
. munieation cireuits in zecordance with Order 1220, B, 3 the olearance may be reduced to 2 feet. -
b. Inlocalities where the practice has been established of placing on jointly used poles, cross arms carrying
supply cirouits of leas than 300 volts to ground 2nd ¢ross arms earrying commenication cireuits at s vertical
separation less than specified in the table, such existing construction may be continued until the said poles are
replaced provided that—
The minimym soparation between exiating cross arms is not less than 2 feet, and that—
Extensions to the existing conatruction shall eonform $o the slearance requirements specified i Table 11.
When commurication conductors are all in cable, a supply cross arm carrying only wires of not more than 300
volts to ground may be placed &t not less than 2 feet above the polnt of atéachment of the eable fo the pole
‘provided that—
3‘!%; ntearest supply wire on such cross arm shall bs at least 30 inches horizontally from the center of the pole.

“and that—
The cable be placed 80 as not otherwise to obstrucs the climbing space,

0. This shall be increased to 4 feet wher the commurication conductors are oarcied abova supply conductors
unless the communieation-line conductor size is that required for grade O supply lines.

td.. Where conductors are operated by different utilities, a minjmum vertical spacing of 4 feet is recommended
e, These values do not apply to adjacent cross arms carrying phases of the same circult or cireuita,

-2, Where Conductors of Different Voltage Classifications
re on Same Cross Arm. Under these conditions, the verti-
al separation between conductors on adjacent cross arms
all be that required by Table 11 (Order 1238 A, 1) above
or the highest voltage classification concerned.
8. Conductors of Different Sags on Same Support. {a)
riation in Clearance. Line conductors supported at dif-
ent levels on the same structure and strung to different
2gs shall have vertical spacings at the supporting struc-
€s so adjusted that the minimum spacing at any point
the span, at 60° F. with no wind, shall not be reduced
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more than 25 per cent from that required at j;he ?upports
by Orders 1235, A, 2, (a), (1) and (2) and this r~uaeci'usted
(b) Readjustment of Sags. Sags Shol.lld bf]la 1te ng)t red
when necessary to accomplish :the foregom_gﬂ, u o e
duced sufficiently to conflict with the requuemefn slifferent
der 1261, F, 4. In cases where conductors f0 R
sizes are strung to the same sag for the sake Ot aEp caranee
or to maintain unreduced clear.ance th}['ou.ghcnl11 8 toronc,luct:
chosen sag should be such as will keep the smalles tcs .
or involved in compliance with the sag requiremen

der 1261, F, 4. . .
C. Separation in Any Direction.

direction hetween conductors' of the
tage classification when carried on th
on cross arms which are not horizonta
than the values given in Table 11 {Order
for vertical separation. ’ )
The separation in any direction ot
less than the horizontal separation specilie

1) and (2). o
A,S: %)Jti(ca)l Separation for Iine Conductors Not Carvied

on Cross Arms. The vertical separation between con&i(zc(i
ors not carried on cross arms ghall be the same ag 1eq
in Order 1238, A, 1 and 2 for cross arms. _
7 Conductots on vertical racks may _have a veféclg%al :ea—
ches under the conditions specified 1n Qrder , A, 4.
ation Between Conductors antc%l N?;:-
current-Carrying M etal Parts of gqmpme%ii igporispfor
i ations mets

ose of measuring these separ ) y

Eonductors are considered as noncurrent-carrying meta

parts of equipment.
1. Between Supply_
Equipment. The vertl

The separation in any
aame or different vol-
e same structure, but
1, shall not be less
1238, A, 1 and 2}

ghall not in any case be
in Order 1235,

Exception:
aration of 4 in

E. Vertical Separ

ication
Conductors and .Communlca
cal geparations specified in Table 11

A, 1) as 4 feet, may be reduced to 40 inches
&%ﬁggr‘cﬁs ?fojltage )of the supply conductors does not ieri((;eeerd_
750, or where supply conductors of any v?c%agebftere
manently grounded continu_ous—me’fal—shea cad S apoly
2. Between Communication CQnd“CtOTS_ﬁag  Suppiy
Equipment. The vertical separations specliied 11
(Order 1238, A, 1) as 4 and.ﬁ feet, may
inches and 60 inches, respectively.

3. Between Supply a1:1d :
(a) General. The vertical separation

(Order 1238, A, 1) as 4 and‘ﬁ feet, may
inches and 60 inches, respectively.

be reduced to 40_

munication Equipmen t.
o gpecified in Table 11
be reduced to 40
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(h) Special Separations for Span Wires or Brackets.
Span wires or brackets for lamps or trolley contact conduct-
ors shall have at least the vertical separation from com-
munication equipment set forth below.

From ecross arms carrying communieation conductors. ... _. 2 feet
From messenger wires carrying communication eables________ 1 foot
From terminal box of communication cables, if practicable.___ 1 foot

Exception: Where it is not practieable to obtain a clearance of 1

foot from terminal boxes of communication cables, all metal parts of
terminals shall have the greatest practicable separation from fixtures
or span wires, including all supporting screws and bolts of both at-
tachments.

4, Supply Cross-Arm Braces Considered as Equipment.
Where supply cross-arm braces are less than 1 inch from
transformer cases or hangers, the vertical separation from
communication equipment shall be measured from the near-
est part of this supply equipment, including the cross-arm
brace.

I, Vertical Separation Between Comwmunication Con-
ductors Carried at Different Levels on Railroad Crossing
Poles. At crossings of communication lines over railroads,
the vertical clearance between conductors supporied on the
same pole or structure and at different levels shall in no
case be less than 12 inches and preferably shall be 24 inches.

Exception:

~ Order 1239. Clearances of Vertical and Lateral Conduct-
ors from Qther Wires and Surfaces on the Same Sup-
port.

. Vertical and lateral conductors shall have the clearances

and separations required by thig rule from other conduct-

ors, wires, or surfaces on the same support.

Transpositions are excepted.

. Exception 1: This Order dees not prohibit the placing of supply
‘eirenits of the same or next voltage classification in the same iron
‘pipe, if each eircuit or set of wires be inclosed in a metal sheath.
Exception 2: This Order does not prohibit the placing of paired
ommunication conductors in rings attached directly to the pole or
. suspension strand.

:A. Location of Vertical or Laterol Conductors Relative
o Climbing Spaces, Working Spaces, and Pole Steps. Ver-
ical or lateral conductors shall be located so that they do
not obstruct climbing spaces, or lateral working spaces be-
‘tween line conductors at different levels or interfere with
he safe use of existing pole steps. N

:Exception 1: This Order does not apply to portions of the pole

hich. workmen do not ascend while the conductors in question are
e,
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tical runs incased

Exeeption 2: This Order does not apply to ver
(See Order 1236,

in suitable conduit or other protective covering.
H.)

B. Conductors not in Condatit.
in conduit shall have the same clearance
fyom other surfaces of structures.

C. Mechanical Protection neor Ground. Where within
8 feet from the ground, all vertical conductors, cables, and
grounding wires shall be protected by a covering which
gives suitable mechanical protection. For grounding wires
from lightning arresters, the protective coverings specified
above shall be of wood molding, or other insmlating mate-
rial giving equivalent protection.

Txception 1: This covering may be omitted for armored cables
or caples installed in a grounded metal conduit.
Exceplion 2: This covering may be omitted for lead-sheathed

cables in rural districts.
Exception 8: This covering may be omitted for communication
cireuits on private fenced rights of way in the case of conductors or

cables from underground systems.

Exception 4: This covering may be omitted for grounding wires
having triple-braid weather-proof covering, in rural districts or
where such grounding wire is one of a number of grounding wires

used to provide multiple grounds,

tical and Lateral Swpply Con-
ductors on Supply Line Poles or Within Supply Space on
Jointly Used Poles. 1. General Clearances. In general,
clearances shall be not less than the values specified in

Table 12.

Conductors not incased
s from conduits as

D. Requirements for Ver

TABLE 1%

Clesrances (in inches) for high-
gt voltage concerned in the
elearande

Clearance of vertical and lateral copduetors -
Exceeding

¢ o 7,500 the following

volis

in excess)

oS
From span, gUy OT MessEnger wires
ly supported on Axed supyports, such conduotors

From line conduetors rigid
being of—
AL GIECUILS o - 2o rmom oo mmbmmwmmrmmmmmmanm o me R TN T

[
From line conductors not rigidly supported on fized aupporis

a. "The ¢tearnnces shall be increaged heyond the values given sbove from tine condictors on fixed suppor

(Ses Order 1238, &, 2, (b), and 3, (b} ).

7,500 volty (add

for each 1,000 -
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2. Special Cases. The followin
( . 2 apply only to portions
of a pole which workmen as i i
e cend while the conductors in
(a) Vertical conductors of not
more than 7,600 volis
st;hall clear pole centers by not less than 15 inches for a gis{j
a}mce; of not less than 4 feet above and below any open sup-
ply line eonductors which are not of more than 7,600 volts
‘when the latter are carried on or within 4 feet from the
pole. If‘ the vertical conductors are of more than 7,500
volts, this clearance shall be at least 20 inches. If the éup-
?liy conductors are of more than 7,600 volts, the clearance
tﬁ? E;d%ge}c)olgz center shall apply for a distance of not less
than § above and below, except as noted in (b} and (e),
(b) Vertical and lateral su i
‘ ' ‘ pply conductors, includi
_groundmg wires, which are incloged in insulated con((i:l&litnz)%
in metal conduit or'cabl'e protected by an insulating co\:er-
ing 1;ﬁlo:r‘ wood moIdn[lg' if wire be used having triple-braid
wea el-proof covering), whenever within 4 feet of open
supply wires oﬁ less than 7,500 volts or within 6 feet from
g}]}}:;l i}tllpplfr wires of more than 7,500 volts may have less
. e clearances specified 1
L e (varaees pecif n (a) above, except as pro-
{¢) Vertical and lateral conducto
rs of less than 7,500
Voltéshwhen on poles used only for supply lines may be run
gn the str.eet gide of the_ pole in multiple-conductor cable
b.lavmg suitable substantial insulating covering, if such ca-
'edlks) held taut on standard insulators supported on pins
Zila, dli"gé:;{ets a?d is arranged so that the cable shall be held
a nce of approximately 5 inche
_th%}po}l%e, o o ste{) . s from the surface of
. Requirements for Vertical and Lateral Communi
on Cowduct?rs on Communication Line Poles or V?;?;figv;
_Commumcatwn Space on Joint Poles. 1. Clearances
rgr? Wires. The clearances and separations of vertical
n thateral coqductors from other conductors (execept those
the same ring run) and from guy, span, or messenger

2. Clearantes From Pole and Cr
2. oss Arm Surfaces. o
8] and lateral communication conductors may be attagleeld
ectly tu the pqle or cross arm by means of rings, knobs
ndra(%kets provided jchat they are rubber-insulated pairec’:
stzf It')orrs;l and that 1ln ’;he cage of joint poles, the clear-
: open supply lines required by T 3
38, A, 1) are observed. ' v Table 11 (Order
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. Reguirements for Vertical Supply Conductors Pass-
ing Through Communicalion Space on Jointly Used Poles.
Vertical supply conductors, including grounding wires,
which pass through communication line space on joint poles
shall be installed as follows:

1. Metal-Sheathed Supply Cables.
ply cables shall be covered as follows:

Metal-sheathed sup-

{a) Extent of Covering. Covering shall extend from

the lowest points of such cables up to the following dis-
tances above the highest communication conductors.

Kind of zupply cabie Bupply voltage |  Distance
Inehes
{0 to 7,500 udl
Metal-sheathed . - o e mm Qver 7,500 [ilH]
Permanently grounded continuous-metal-sheathed . - . o uvmcmeocooooooo All voltages 40

a. This distance may be reduced to 24 inches for supply cables less than 300 volts to ground where a vertical
joint-use separatien of 2 feet exists or ia permissible. (See footnote b to Table 11 for conditions under which
the separation is permitted.)

(b) Nature of Covering. The covering shall consist of
wood molding or other suitable insulating material at
points higher than 8 feet above the ground.

Exception 1: Iren pipe may be used without insulating covering
at points more than 6 feet below the lowest eommunication wire, or
railway feeder or attachment,

Exception 2: Iron pipe may be used throughout if covered with
wood molding or other suitable insulating covering from a point 6
feet helow the lowest communication wire or railway feeder or at-
tachment to a point 40 inches or 60 inches above the highest com-
munication wire, depending omn the supply voltage.

2. Supply Conductors. Supply conductors shall be in-
stalled in one of the following ways:

(a) In Conduit. Conductors of all voltages may be in-
closed in the same way and to the same extent as required
in 1 above for metal-sheathed cables.

(b) On Pins and Insulators, Vertical and lateral con-
ductors of street-lighting circuits and service leads of less
than 750 volts may be run on the street side of the pole in

multinle-conductor cable having suitable substantial in--
sulating eovering if such cable is held taut on standard in-.
sulators supported on pins or brackets and arranged so that:
the cable shall be held at a distance of approximately 5:

inches away from the surface of the pole or from any pol
steps. :
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3. Supply Grounding Wires. Supply grounding wires
ShaIl_be covered with wood molding or other suitable in-
sulating covering to the extent required for metal-sheathed
gables in 1 above, the “voltage” of the erounding wire be-
ing taken as the voltage of the supply circuit with which it
is associated.

4. Separation From Through Bolts. Vertical runs of
supply conductors shall be separated from the ends of
through bolts associated with communication Jine equip-
ment by one-eighth of the circumference of the pole where
practicable, but in no case less than 2 inches.

G. Reg_u’irements for Vertical Communication Conduct-
ors Passing Through Supply Space on Jointly Used Poles.
All vertical runs of communication conductors passing
through supply space shall be installed as follows

1. Metal-Sheathed Communication Cables. Metal-
sheat.hed communication cables shall be covered with wood
molding or other suitable insulating covering from a point
not more than 8§ feel above the ground to the following
points above the highest supply conductor. )

o Yoltape of sup-
Nature of supply sireuit ply c'u-cuitI Distance
Permanently grounded continuous-metal-sheathed cable. All voltages Ini(t)\es
Opon wire and other eable-___________ @ to 7,500 a4}
Open wire and other eable, Excee:jing
7.500 50

3. This distance may be reduced to 24 inches for Sup, voltages less than volts to ground where a vertica
Dy 14 £l 300 tstog v wl tical

joint-use separation of 2 feet exists or ia parmissible See footnote b to Table 11 for couditions under which
thig separation is permitted.} ( ‘

. 2. Communication Conductors. Vertical and lateral runs
- of rubber-insulated paired conductors shall be covered with
Wpod molding or other suitable insulating covering when
_:_\ylthin 48 or 72 inches from supply conductors of 7,500
_volts or less, or more than 7,500 volts, respectively.

3. Communication Grounding Wires. Grounding wires
f communication lines shall be covered with wood molding

other suitable insulating covering to the extent required
for metal-sheathed cables in 1 above.
_4. Separation From Through Bolts, Vertical runs of
ommunication conductors shall be separated from the ends
f threugh bolts associated with supply-line equipment by
ne-eighth of the circumference of the pole where prach-
able, but in no case less than 2 inches. '
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SECTION 124. GRADES OF CONSTRUCTION

Order 1240. General.

For the purposes of section 126, “Strength requirements
and section 127, “Line insulators,” conductors and their
supporting structures are classified under the grades speci-
fied in this section on the basis of the relative hazard exist-

ing.

Order 1241. Application of Grades of Construction to Dif-
ferent Sifuations.
A. Supply Cables. For the purpose of these rules sup-
ply cables are divided into two classes as follows:
1. Specially Installed Cables. In this class are included
metal-sheathed supply cables installed in accordance with
Order 1261, G, 1.

Note: Such cables are somebimes permitted to have a lower grade
of construetion than open-wire supply conductors of the same voltage.

2. Other Cables. In this class are included all other sup-
ply cables.

Note: Such cables are required to have the same grade of con-
struction as open-wire supply conductors of the same voltage,

B. Two or More Conditions. In any case where two or
more conditions affecting the grade of construction exist,
the grade of construction used shall be the highest one re-
quired by any of the conditions.

C. Order of Grades. For supply and communication
conductors and supporting structures, the relative order of
grades is A, B, C, and N, grade A being the highest. Where
erades D, E, and N are specified for communication lines,
grade D is the highest.

Note: Grades D and E can not be directly compared with the
series A, B, and C, but Order 1241, D, 3, (e) provides for cases
where these two conditions are present.

D. At Crossings. 1. Grade of Upper Line. Conductors
and supporting structures of a line crossing over another
line shall have the grade of construction specified in Orders
1241, D, 3; 1242, and 1243.

9 Grade of Lower Line. Conductors and supporting
structures of a line crossing under another line need only

”
3

have the grades of construction which would be required if

the line at the higher level were not there.
3. Multiple Crossings. (a) Where a Line Crosses in
One Span Over Two Other Lines,
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- The grade of construction of th i
: ¢ uppermost line sh
not less than the highest grade which would be reqSir?alé 2?

eithe ‘ : . W
by r one of the lower lines if it crossed the other lower

coﬁiirzﬂeg_ If‘a 2,300-v013& line crosses in the same span over a
ation line and a direct-current trolley contaet conductor of

more than 750 volts, the 2,300 ine i i
-volt y i
grade A constructior; at thé cros;)ing{me 9 veauized to comply with

This is a double erossin i
g and introduces a greater hazard th
where the upper supply line crosses the communication line o(rlil;han

(b} Where One Line Crosses O i

) 1 L ver a Span in Anoth
%Lne, Which Span is in Turn Involved in a Second CI‘OSSil’lZ‘r
I e grade of cons‘gructlon for the highest line shall be no‘é
ess than that required for the next lower line,

1in§§(:11-):1§? :Su 'II‘lhis reguirement does not apply when the two upper
ch a mature and have such cirenit pr i

dungor of manerny y LbuTe cuit protection that the

in the lower of i i

cal or electrical contact iz eliminated(? °f these two lines by mechani-

(c) Where Communieation Cond

_ uctors Cross O -
ply Conductors and.Raﬂroad Tracks in the Same Sp‘;elf S’i‘l}llje
grades of construction shall be in accordance with ’l‘ab.le 13.

TABLE 13

Communication condustor

When trossing over— grades

Major lines Minor lines

Main tracks and supply line of 0 to 750 volts

Main tracks and supply line exceeding 750 volts._._

Minor tracks and supply lize of 0 to 750 volts

nriL]l.?leicé(::tnr}menc'{at‘ion‘: It is recommended that the placing of com-

L jo;;r:ﬂ;o:ﬁ;l;tor? ab};)ve sup&ply conductors at crossings, conflicts,
: poles be avoided unless the suppls

011@3; contact conductors and their associated fele)geisconducmrs o

< B. Conflicts. 1. How Determined. Wh i
are adjacent (except at crossing spans) th?ar(fis%g?cemgis—’
aheelgftherra and the relative‘heights above ground of poles
o con L}CtOI‘S on each line determine whether conflict
1sts, and, if so, whether the conflict is a structure con-

¢t (see Definiti : i
",(or bot?n -nltlon) or a conductor conflict (see Defini-
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2. Conductor Conflict. At conductor conflicts the grade
of construction of the conflicting conductor shall be as re-
quired by Orders 1241, D, 3, and 1242.

3. Structure Conflict. At structure conflicts, the grade
of construction of the conflicting structure shall be as re-

quired by Order 1243,

Order 1242. Grades of Construction for Conductors.

The grades of construction required for conductors of
all classes in different situations are given in Tables 14 and
15. For the purpose of these tables certain classes of cir-
cuits are treated as follows:

A. Status of Constant-Current Circuits. In determining
grades of construction where constant-current circuits are
involved with communication circuits and are not in spe-
cially installed cable, the constant-current circuits shall be
considered on the basis of their current rating. In all other
cases constant-current circuits shall be considered on the
basis of their nominal full-load voltage.

B. Status of Railway Feeders and Trolley Contact Con-
ductors. In determining grades of construction where rail-
way feeders and trolley contact conductors are involved
they shall be considered as other supply conductors of the
same voltage.

Exception: Direct-current trolley circuits exceeding 750 volts to
ground shall have grade A construction where crossing over, con-

flicting with, or on joint poles with and above major communication
circuits, and grade B where similarly situated with respeet to minor

eommunication ecircuits,

C. Status of Communication Circwits Used Exclusively
in the Operation of Supply Lines. In determining grades
of construction where communication cireuits used exclu-
sively in the operation of supply lines are concerned, they
shall be considered as ordinary communication -circuits
when run as such (see Order 1288, C) and as supply cir-
cuits when run as such, (See Order 1283, D.)

Exception: Communieation circuits located below supply circuits
with which they are used shall not require such supply circuits to
meet any rules for grade of construction other than that the sizes
of such supply eonductors shall not be less than required for grade C
(see Order 1261, F, 2).

D. Status of Fire-Alarm Conductors. In determining
grades of construction where fire-alarm conductors are con-
cerned, they shall be considered as other communication

circuits.
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t 1 determining (e) Voltages to neutral or ground exceeding 4,400 volts. (1) Where the communication conductors consist of individual paired
l,d,uc 078, n conductors only, supply conductors in the upper position need only be
— conductors are con- grade N due to this condition. ‘

as other communication
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: Exception: Fire-alarm conductors shall always meet grade D

where the span length is from 0 to 150 feet, and grade C where the
span length exceeds 150 feet.

TABLE 135

Grades of Construction for Communication Conductors Alone, or in
Upper Position ot Crossings, at Conilicts, or on Joint Poles

Commaunieations cnn- -
ductors at higher Communieation conductorg rural or ur.
levels (o) ban, cpen or.cable, including communj-
cation conductors run as such, but used
Condnetors, tracks exclusively in the cpecation of supply
and rights of way \ liugs.
at lower levels _ Major Miaor
Lines ou fenced rights of way N Rl
Lines not or fenced righta of way N N
Main D D
Railroad tracks —
Minor B E
Street-railway tracks having no overboad
contact wire N N
0 o 750 volts(e) Open or eable N N
750 to 5000 v.{d) | Open or cuble C fo]
Cuuatanb—;])otent.ial 6000 to 7500 v.(e) | Open B @C
B11] ply
cmu})uctors. h) Cable c C
Exteeding 7500 Open A B
voits (f) —
Cable C ¢
0ta 7.5 amp. Gpen (1) C C
Constant eurrent - —
supply 7.5 to 10 amp, Open (i) B €)C
eonductors {b) -
Exceeding 10 amp.] Open (i) A B
Direct-gurrent 0 to 750 volts Open or eable N N
railway feedera {b) |-
Exceeding 750 v. | Open or cable A B
: 0 to 750 volts A.C.orD. C. th)D {h)D
Trolley ——
Contact Exceeding 750 v. | A. C. A, B, or . See order 1242, B
Conductors
D.C. A B
Communieation conductors, open or cable used exclusively in B,CoN
i: the operation of Supply Fines. See Order 1242 ¢
Communication cenductors, opon or eable, urban or rural,
major or minot, N N

(a) Tt is recommended that the placing of communieation con
teflicts, or jointly used poles he o roided, unless the supply eond
asdociated feeders. e
(b} The words**open ard **eable™ appearing in the headings hava the following meaning as applied to
Sapply conduetors. * Clable” means the apecially installed cehleg deseribed in Order 1241, A, 1. " “Open'’
ieans open wire and also supply cables not “specially installed””.

gn) Voitages to nentral or ground of 0 to 440 volts,

d} Voltages to neutyal or gronnd of 440 te 2,900 volts.

e) Voltages to neutral or ground of 2,900 to 4,400 volts,

¥ Yolteges to neutral or ground exceeding 4,400 volts.
A2} For spans 150 fect or lesain length grade C supply-zonduetor sizes and sags shall apply instead of grade

fid perroitted by Order 1261,

:(h): Applies enly to line-conductor gizes and sags in spans O to 150 feet Io
OpEer or steel, spans 0—100 feet, use No. 12 wire; stecl, spana 125—150 fe
ing 150 feet, grade © sy

uctor requirements ahaﬁp

ductors above supply conductors at crossings,
uctors arc troliey contact conduetors and their

ng with the following éxceptious.

et, use No, 9 wire, For spans ex-

Ly-uonductor sizes and mags ghall be met, For paired conduetors, grade C paired-
e met,

{(1): Where constant-current cirsuits are in apecially installed cable, they are congidered on the basis of the
minal full-load voliage.
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Order 1243. Grades of Supporting Structures.

A. Poles or Towers. 'The grade of construction shall be
that required for the highest grade of conductors supnorted.

Note: See 180.18 of 1933 statutes for additional R. R. crossing
requirements, . ,

Exception 1: The grade of construction of _:]Olnt poles, or pobes
used only by communieation lines, need npt he Inc_reased merely 1e—
cause of the fact that communication wires carried on such poles
cross over trolley contact conductors of 0 to 750 volts.

Exception 2: Poles earrying grade € or D fire-alarm .con_duetors,
where alone, or where eoncerned only with other communication eon-
ductors, need meet only the reguirements of grade N.

Exception 8: Poles carrying supply service loops of 0 to 7560 v;n_lts
shall have at least the grade of construction required for supply line
conductors of the same voltage. .

i icati i er supply -

Exception 4: Where communication lines cross ov U :
ductors and a railroad in the same span and .grade Aor Bis requ1£}e]d
by Order 1241, D, 3, (¢) for the communication conductors, due toh 1(;
presence of railroad tracks, the grade of the poles or towers sha
be D or E,

i N i though no conductor

Exception 5: At structure conﬁlc‘{:s even :
conﬁictpexists, the grade of eonstruction W_hlch would be re_qulred iy
Order 1242, if the conductors were in confliet, shall be applied to the
pole or tower. . . ]

Note: This requirement may result in a higher grad_e of construe
tion for the pole or tower than for the conductors carried thereon..

Exception 6: In the case where a structure conflict does not eX{s‘c,
but any conductor iz in eonductor confliet, the grade of constlalct&on
of the pole or tower is not required to meet the conductor grade due
to the conductor conflict.

B. Cross Arms. The grade of construction Shé.l.ll be that
required for the highest grade of conductors carried by the
Crosg arm concerned,

i ructi f cross arms carrying
Exeception 1: The grade of constluctlon'o
only cofnmunication conductors need not be increased merely because
of the fact that such conductors eross over trolley contact conductors
of 0 to 750 volts, :

i 3 i C or D fire-alarm con-
Exception 2: Cross arms carrying g'rade. m e
ductorsp where alone or where concerned with other communication

conductors need meet only the requirements for grade N.

Exception 8: Cross arms carrying supply service loops of O to

760 volts shall have at least the grade of eonstruction required for :

supply line eonductors of the same Voltage.
Exception 4: Where communication lines eross over supply con-

ductors and a railroad in the same span and grade A or B is regquired

by Order 1241, I, 8, (c) for the communieation conductors due to

the presence of railroad tracks, the grade of the cross arm shall be

D or B.

Hém_fy Loading Districts {H)
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Oor concerned.

Exception 1: The grade of construction of pins, insulators, and
conductor fastenings carrying only communication conductors need
not be ineressed merely beeause of the fact that such conductors eross
over trolley contact conduetors of 0 to 750 volts,

Exception 2: In case of grade C or D fire-alarm conductors
where alone or where coneerned only with other communieation con-
ductors, pins, insulators, and conduetor Tastenings need meet only the
requirements for grade N.

Exception 8;: In the case of supply service loops of 0 to 750 volts,
pins, insulators, and conductor fastenings shall have at least the same
grade of construction ag required for supply line eonductors of the
same voliage,

Exception 4: Where eommunication lines cross over supply eon-
ductors and a railroad in the same span, and grade A or B is ye-
quired by Order 1241, D, 3, (¢) for the cominunication eonductors due
to the presence of railroad tracks, the grade of pins, insulators, and
conductor fastenings shall be D or E,

Bxception 5: In case communicati

on conductors are required to
meet grade A, B, or C, the insulators

need meet only the requirements

for mechanieal strength for these grades,

SECTION 125, LOADING FOR GRADES A B, C, D, AND E

Order 1250. Loading Map.

Three degrees of severity are recognized in the T, 8. for
the loading, due to weather conditions, and are designated,
respectively as heavy, medium, and light loading, The dis-
tricts in which these loadings apply are determined by
weather reports as to wind and ice and by local experience
of utilities using overhead lines. The state of Wiscongin ig
considered as being in the heavy loading distriet. No data

will therefore be given on light and medium loading. (See
Order 1251)

Order 1251. Assumed Weather Conditionsg,

The following weather conditions are assumed to act
simultaneously in different loading districts:

Horizontal wind

pressure on
© Thickness projected area | Temperature
of ice of oylindrieal
gurface
——— —
Inchey Lby. per sq. ft. R,

0
Aedinie Loading Distriots ( .25 8 +15
i l_lt Loading Districts Moo I None 12 +30




118 ELECTRICAL CODE—ORDER 1252 ELECTRICAL, CODE--ORDER 1254

119
i i i ' For su i .
Order 1252. Light and Medium Loading. ! :OF supporting structures carryine mor ;

If anyone desires to obtain a further description of light : not _1n011_1d1ng cables supported bJ;I lﬁesszileg;]?sanwl}?elzn‘;s’
and medium loading they should refer to “The National Sﬁnlf‘g&cmg does not exceed 15 inches, the tPaI’ISVerse lo §
Electrical Safety Code” published by the Bureau of Stand- all be _Calculaifed on two-thirds of the total number £ ah
ards. ; Wlé‘eSTWﬂlZ}l a minimum of 10 wires, oF suc

' ; » Lroiley Co;
Order 1253. Conductor Loading. conductor issr SuP%ﬁiEadcgEd;]Z?I;Sﬁl ‘;Vhen a trollgy contact

The loading on conductors shall be assumed as in A, be- : meluded in the computation of thon ¥ used pole it shall be
low. strueture, e transverse load on the

Where cables are concerned, the loadings shall be applied 3. Flat Surfaces.
to both cable and messenger. wind pressure shall blzofn(g'aezselclir%cego the ‘assumed unit

In applying loadings to bare stranded conductors, the ; latticed structures are concerned t}f per cent. Where
coating of ice shall be considered as a hollow cylinder touch- of one lateral face shall be inc ¢ actual exposed area
ing thfe outer strands. . ) low for the bressure on the op;?)z?:g fby 20 per cent to al-

Ice is assumed to weigh 57 pounds per cubic foot. : ever, need not exceed the Pressur h.ace, this total, how-

A, Heavy Loading (H) The resultant loading, due to solid structure of the same OutSIde;Y ich would oceur on a
the weight of the conductor plus the added weight of a obtained by more exact calculations men Loy, L 1€ FeSults
layer of ice 0.5 inch in radial thickness, combined with a ? the values obtained by this Sifnl?ns aioy be substituted for
transverse horizontal wind pressure of 8 pounds per square 4. Angles. In cages where ?ifergée.cmng o d _
foot on the projected area of the ice-covered conductor, : of conductors, an unbalanced side JAHEC In - direction

L ; pull is imposed on the

shall be called heavy loading. The minimum temperature
shall be assumed as 0° F.

Order 1254. Loads upon Line Supports.

A. Assumed Vertical Loading. The vertical loads upon
poles, towers, foundations, cross arms, pins, insulators, and
conductor fagtenings shall be their own weight plus the
superimposed weight which they support, including all ice
covered wires and cables, together with the effect of any
difference in elevation of supports. The radial thickness
of ice shall be computed only upon wires, cables, and mes-
sengers, and shall be taken as 0.50 inch of ice. Ice is as-
sumed to weigh 57 pounds per cubie foot.

Note: The weight of ice upon supports is ignored for the sake of
simplieity. (See Appendix D, Table 72, for vertical loads of con-
ductors)

: : gher-grade sections havi

: E?;gg;g 50?1 feet in length where the total pul] in t}:rem(%relcl::i Sparil:‘ the
: mOdiﬁégr:begge(;zgaon exccel.-eds 30,000 Ppounds, the assumed I;);d?ngt}}e
. ¢ N pounds, plus -f 0
. pounds, with a maximum of 50,083813001?1:5151. fho excess. above 30,000

B. Assumed Transverse Loading. In computing  the
stresses in poles, towers, and side guys the loading shall be
taken ag follows: '

1. Heavy Loading. A Horizontal wind pressure, at
right angles to the direction of the line, of 8 pounds per
square foot upon the projected area of cylindrical surfaces.
of all supported conductors and messengers, when covered
with a layer of ice 0.5 inch in radial thickness and on sur-
faces of the poles and towers without ice covering, shall
be called heavy loading. (See 3 and 4 following.)

.. pgﬁ(i)gghsgﬁt s'%o required, th_e Iongitudinal loading upon sup-
Dot 18 u(z1 ures (mclu(_hng‘ Doles, towers, crogs arms
ns. nd conductor fastenings) at crossings, at ends of se .
Ot joint use, and at ends of conflicts required to be Sf
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grade A or B construetion, respectively, shall be taken as an
unbalanced pull in the direction of the crossing, conflict, or
joint-use section equal to the pull of one-third of the total
number of conductors carried (not including overhead
oround wires), such one-third of the conductors being se-
lected so as to produce the maximum stress in the supports.
If the application of the above results in a fractional part
of a conductor, the nearest whole number shall be used.

8. Jointly Used Poles at Crossings over Railroads or
Communication Lines. Where a joint line crosses over a
railroad or a communication line and grade A or B is re-
ouired for the crossing spat, the tension in the communica-
tion conductors of the joint line may be considered as lim-
ited to one-half their breaking strength, provided they are
smaller than No. 8 Stl. W. G., if of steel, or No. 6 A. W, G,,
if of copper, regardless of how small the initial sags of the
communication conductors at 60° F.

4. Dead Ends. The longitudinal loading upon support-
ing structures shall be taken as an unbalanced pull equal to
the tensions of all conductors and messengers under the
conditions of loading specified in Order 1253. _

5. Communication conductors on Unguyed Supports at
Railroad Crossings. The longitudinal load shall be as-
sumed equal to an unbalanced pull in the direction of the
crossing of all conductors supported, the pull of each con-
ductor being taken as one-half its ultimate strength.

D. Avercge Span Lengths. 1. General. The calculated
transverse loads, upon poles, towers, and cross$ arms, ex-
cept as provided in 2 below, shall be based upon the average
span length of a section of line that is reasonably uniform
a8 to height, number of wires, grade, and span length. In
no case shall the average value taken be less than 76 per
cent or more than 125 per cent of the actual average of the
two spans adjacent to the structure concerned.

2. Crossings. In the case of crossings over railroads or
communication lines (other than minor communication
lines) the actual lengths of the two spans adjacent to the
two structures concerned shall be used.

B, Simultaneous Application of Loads. 1. When calcu-
lating transverse strength, the assumed transverse and ver-
tical loads shall be taken as acting simulfaneously.

2. In calculating longitudinal strength, the assumed

longitudinal loads shall be taken without congideration of

the vertical or transverse loads,
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SECTION 126, STRENGTH REQUIREMENTS

Order 1260. Preliminary Assumptions.

In calculation of stresses no allowance shall be made for
deforma_,tion, deflection, or displacement of any part of the
supporting structure, including suspension insulators.

Order 1261. Grades A, B, and C Construction.

A. Poles and Towers. The strength requirements for
poles -and towers may be met by the structures alone or with
the aid of guys or braces.

1. Average Strength of Three Poles. A pole (single-base
struc_ture) not individually meeting the transverse strength
requirements will be permitted when reinforced by a
stronger pole on each side, if the average strength of the
three poles meets the transverse strength requirements, and
the weak pole has not less than 75 per cent of the required
strength.

An extra:. pole ingserted in a normal span for the purpose
of supporting a service loop may be ignored, if degired, in
the calculation of the strength of the line. ,

Exception for crossing poles: In th i

crossing : e case of crossings over rail-
roads or communieation lines (other than minor communiecation lines)
the actual strengths of the crossing poles shall be used. ’

2. Reinforced-Concrete Poles, Reinforced-coneret
shall be of such material and dimensgions asg to Wit}elsli:gfg
for transverse strength the loads assumed in Order 19254
Aand B qnd for longitudinal strength the loads in Ordexz
1264, C without exceeding the following percentages of

’;1;2111" 1(1;}’;1.mate strength. (Where guys are used, see Order

Tercentages of ultimate strength for
different grades

Grade A Grade B Grade C
_______________________ 334 50
_______________ 100 160 R,

= e e ek e e 331 50 75

3. Steel Supporting Structures. Steel su

: . pports, steel
towers, and metal poles shall be designed and constructed so
to meet the following requirements ;

“”(a}) Transverse Strength. Under the transverse and
vertical loads assumed in Order 1254, A and B the calcu-
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lated stresses in steel members sha]l not exceed the allow.
able stresses for transverse strength given in (d) below.

(b) Longitudinal Strength., Grades A and B, Under
the longitudinal loads assumed in Order 1254, C the caleu-
lated steel members shall not exceed the allowable stresses
for longitudinal strength given in (d) below,

Grade C. No longitudinal-strength requirements ex-
cept at dead endsg, '

(¢} Minimum Strength,  Steel towers shall have
strength sufficient to withstand a transverse load on the
towers withoyt conductors due to three times the specified
transverse wind pressure, without exceeding the allowable
stresses for longitudinal strength in Table 18,

(d) Allowable Unit Stresses; Steel.

In the case of special steels having higher yield points,
burchased under rigid specification and inspection condi-
tions, an allowance above the tabular stresses in proportion
to the respective vield points will be permitted, -

As the unit stresses in Table 1

TABLE 18

Allowable Unit Stressmes in Steel for Transverse and Longitudinal
Strengihs

Allowable stresses lf or {rangverse

Allowable stresses for longl-
strengt

tudinat strength -

Grades A

Grades A
Grade A Grado B Crade C and B land B except
Crossings | at Crosaings
- ——— | 5| g
Iha. per gq. in. 1bs. per aq. in. Ibhs.persq. in. Ihs. per aq.in. s, persq. in.
Struetural steel:
Tension._.__._____. _____ 20,600 25,000 30,000 30,800 33,600
520,000 26,000 30,000 30,000 33,000
Compression___,______ ________ 1—80L/R —80L/R | —100L/R —100L/R | —100L/R
P —— T TR TR — —
Bolte:
Bhear .. 20,000 24,000 85,000 35,000 40,000
Bearing ____ e 40,000 48,000 70,000 70,000 80,000
P — | TR 8000 — T
Rivets:
18,000 22,000 30,600 30,000 33,000
36,000 44,000 60,000 60,000 46,000

(e) Thickness of Steel. Steel poles or towers shal] have
no less thickness of metal in members than the following:

10,000 pounds, without exceeding t
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TABLE 17
Thickness of Sieel

T ee————

| Thickness of
. main members | Thickness
Kind of Member of cross arms of other
. aud legs Members
—— - .
Galvanized:

Inches Incheg
For localities where oy "

material I8 rapid
For otber inea)

Painted

8. Painted bracing members having L/R not exceeding 125 1nay be % inches in, thickness,

(f } Unsupported Length of Compression Members. The
ratio of I, the unisupported length of g compression mem-
ber, to R, the least radius of gyration of the member, ghal}

not exceed the following : (These figures do not apply to
the complete structure,)

TABLE 18

L/R for Compression Members

Kind of compression member

_ﬁ__;___‘—_n“___g__‘_____-
Leg membera_

Other members having figured sfresges_ . TTTTTTTTmeomoew

Seeondary members without figured strosses

embers. In splices for main
application of the values in
» 3, (d) four or more bolts or rivets

rivets shall be in-

1253 up to 10,000 pounds plus one-half the excess ahove

heir ultimate strength,
(i? Gen_eral Construetion Features. Stee] poles or tow-




124 ELECTRICAL CODE—ORDER 1261

ing, and painting, and so that pockets are not formed in
which water can collect. ‘

Recommendation: Unless sample structures, or similar ones, have
been tested to assure the compliance of structures in any line with
these requirements, it is recommended that structures be designed to
have a computed strength at least 10 per cent greater than that re-
quired by these rules,

(i) Protective Covering or Treatment. All iron or steel
poles, towers, or supporting structures shall be protected
by galvanizing, painting, or other treatment which will ef-
fectively retard corrosion.

4. Wood Poles. Wood poles shall be of such material
and dimensions as to meet the following requirements.
Where guys are used, see Order 1261, C.

(a) Transverse Strength. Wood poles shall withstand
the transverse and vertical loads assumed in Order 1254,
A and B without exceeding at the ground line for unguyed
poles, or at the point of guy attachment for guyed poles, the
appropriate allowable fiber stresses given in Table 20,

{b) Longitudinal Strength. Grades A and B. The longi-
tudinal strength of wood poles shall be maintained at all
times so that they will withstand the longitudinal loading
specified in Order 1254, C without exceeding at the ground
line for unguyed poles, or at the point of guy attachment
for guyed poles, the appropriate ultimate fiber stress given
in Table 19,

Grade C. No longitudinal-strength requirements except
at dead-ends,

(c) Ultimate Fiber Stress. Different kinds of wood
poles are considered as having the ultimate fiber stresses
given in Table 19. These ultimate fiber stresses are given
8o as to identify different kinds of pole timbers with the ul-
timate fiber stress appearing at the heads of the columns
in Table 20.

TABLE 19
Ultimate Fiber Stresses of Wood Poles
Ultimate Fiber
Kind of Wood Stress
1bs. per sq. in,
Southern yellow pine {ereosoted) . oo 7,400
Chestnet______._.__________ T TTToTttttttt 6,000 -
Western cedar (Western red cedar) ——— 5,600
Other yellow pine_______._.._____ _ . - 5,000
Cypress_ ... . . o _____._. o 5,000
Eastern cedar (Northern white cedar) . . 3,600
Redwood.. .. .o 2,600
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(d) Treated Poles. The use of treated poles is not re-
quired. However, under certain circumstances Table 20
permits higher allowable stresses for treated poles than for
untreated poles, Treated poles are poles meeting the fol-
lowing requirements:

(1)} Preservatives. The preservative used shall be coal-
tar creosote or other preservative equally satisfactory with
regard to electrical resistance, retention of the preservative
within the timber, and efficiency as a preservative., In the
case of poles which are butt-treated only, the electrical re-
sistance of the preservative may be disregarded.

(2) Full-length Treatment. Pine and other timber sub-
ject to rapid decay above ground shall be treated full length
by a pressure process or some other equally ecffective
method,

(3) Butt Treatment. Cedar, chestnut, and other timber
not gubject to rapid decay above ground shall be ireated by
any Dprocess which will produce impregnation of most of
the sapwood from at least 2 feet below the ground line to at
least 1 foot above the ground line. In the case of treat-
ments which require perforation, no method shall he used
which results in perforation to the cross section required at
replacement,

(e) Allowable Fiber Stresses. The allowable fiber
stresses to be used in computing the strength of treated and
untreated poles to withstand vertical and transverse Joads
are given in Tabhle 20.
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TABLE 20

Allowable Fiber Stresses (in Pounds per Sguare Inch) for Wood Ioles
Under Vertical and 'I'ransverse Loading

When installed

Treated poles
For ultimate fiber atress of —

At replacement

Treated or untreted poles
For ultimate fiber stress of —

Untreated poles
For ultimate fiber atress
of—

;,400 6.000(5,60015,00013 6006 00075 ,600(5,000/3 ,600

7,400|6,000(5,600|5,000/3 ,500

At crossings:

Poleginlines of
one grade of
censtraction

throughout
Grada A _ 12 470 2,00011,87011,670(1,200|2,000{1 ,870|1,670(1,200| 3,70013,000(2 ,800{2,500|1 ,800
Grade B _ {2 ,7001% .00nj2 ,500\2,500(1,800|3,000(2 ,800|2,500(1 800 5,55004 ,500(4,20003 7502 700
Grade C _ {5,559(4 ,500(4 .200(3 |750 %,7004,500(4.200|3 750(2,700 | 11,100{9 ,609|8 . 460/ 7 ,500{5 .400

Foles 1w isolat~
ed sections
of kigher
grade of gon-
struetion in
lings of 5
lower grade
of construe-
tion—

Grade A _ [2,470(2,00011,870|1 ,670]1 ,200{1 ,500 1,400(1,250] 800 3,700(3,000{2,800(2,500|1 800
Grade B _ [3,700(2 ,009|2 ,800(2 ,500(1 1800{2 ‘000 1,870{1,670(1,200] 5 ,550]4,500(4,200(3,750(2,700
Grade C._ 18 550(4,500{4,200]3 ,750|2,700{3 50013 36013 ,00042,160¢11,100/9,000(8 4607 ,500(5 400

Elsewhere

than at

croings— 3
Grade A . |2,900/2,4002,240|2,000(1 ,440(2 ,000(i ,870(1 ,670 1,2004 4,440(3,60043 ,360|3,000(2,160
Grade B _|4,440(3 6003 ,360(3,00012,169(3 ,003(2,829|2,50011 8001 7,400(6.060(5 L6005 ,000|3 600
Grade C_ |7 ,400|6,000]3 5095 ,060|3 .609{4 5094 .200/3 75612 ,T00111,100(9,00G|8,400(7 ,500)5 ,400

(f) Freedom from Defects. Wood poles shall be selected
timber free from observable defects that would decrease
their strength and durability.

(g). Minimum pole Sizes. Wood poles shall have nomi-
nal top diameters not less than the following:

TABLLE 21
MINIMUM TOP DIAMETERS FOR WGOD POLES

Minimum top

Grade of construction diametera

7 inches
6 inches

(h) Spliced Poles. Spliced poles shall not be used at
crossings, conflicty, or joint-use sections requiring grade A,
B, or C construction.

Heavy loading
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5. Transverse Strength Requirements for Structures
where side Guying is Required, but can only be Ingstalled
at a Distance.

Grades A and B. In the case of structures where, be-
cause of very heavy or numerous conductors or relatively
long spans, the transverse-strength requirements of this
section can not be met except by the use of side ZUys or
special structures, and it is physically impracticable to em-
ploy side guys, the transverse-strength requirements may
be met by side-guying the line at each side of and as near
as practicable to, the crossing or other transversely weak
structure, and with a distance between such side-guyed
structures of not over 800 feet provided that:

(a) The side-guyed structures for each such section of
800 feet or less shall be constructed o withstand the cal-
culated transverse load due to wind on the supports and ice-
covered conductors, on the entire section between the side-
guyed structures.

{b) The line between such side-guyed structures shall
be substantially in a straight line and the average length of
gpan between the side-guyed structures shall not be in ex-
cess of 150 feet, :

(c) The entire section between the transversely strong
structures shall comply with the highest grade of construe-
tion concerned in the given section, except as to the trans-
verse strength of the intermediate poles or towers,

Grade C. The above provision is not applicable to
Grade C.

6. Longitudinal-Strength Requirements for Sections of
Higher Grade in Lines of a Lower Grade of Construction.

(a) Methods of Providing Longitudinal Strength.
Grades A and B. The longitudinal-strength requirements

for sections of line of higher grade in lines of a lower grade
(see for assumed longitudinal loading Order 1254, C, 1)
are usually met by placing supporting structures of the re-
quired longitudinal strength at either end of the higher-
grade section of the lne.
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
eet between the longitudinally strong structures, provided
Such structures, and the line between them meet the require-
Ments, as to transverse strength and stringing of conduct-

ors, of the highest grade oceurring in the section, and pro-
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vided that the line between the longitudinally strong struec-
tures ig approximately straight or suitably guyed.

The requirements may also be met by distributing the
head guys over two or more structures on either side of the
crossing, such structures and the line between them com-
plying with the requirements for the crossing as to trans-

- verse strength and as to conductors and their fastenings.

Where it is impracticable to provide the longitudinal
strength, the longitudinal loads shall be reduced by increas-
ing the conductor sags. This may require greater conduct-
or separations. (See Order 1235, A, 2, (a)).

Grade C. The above provision is not applicable to
Grade C. :

(b) Flexible Supports. Grades A and B. When sup-
ports of the section of higher grade are capsble of consid-
erable deflection in the direction of the line, as with wood
or concrete poles, or some types of metal poles and towers,
it may be necessary to increase the normal clearances spe-
cified in section 123, or to provide head guys or special re-
inforcement to prevent such deflection.

So-called flexible steel towers or frames, if used at such
locations, shall be adequately reinforced to meet the re-
quirements of Ordey 1261, A, 3 (b).

When the situation is one involving an isolated crossing
of higher grade in a line of lower-grade construction, then
the structure shall, when practicable, be head-guyed or
otherwise reinforced to prevent reduction in the clearances
required in section 1283.

Grade C. The above provision is not applicable to
grade C. :

7. Strength at Angles and Dead Ends. In cases where,
due to change of direction of the line or. because of dead
ends, the longitudinal tensions in the conductors are not
normally balanced, the construction shall be such as to with-
stand the total combined load without exceeding the work-
ing stresses for transverse strength.

Where the section of higher grade is not in line with the
line beyond this section, suitable guys shall be placed to
withstand the resulting transverse forces.

B. Foundations. 1. Use of Foundations. (a) Wooed and
Reinforced-Concrete poles. No special foundation con-
struction is generally required.

(b) Steel Poles or Towers. Steel poles or towers should
preferably be placed on conerete or other suitable founda-
tions extending above the ground line. If, however, the
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-Ste:,-el .is set in earth, it shall be suitably protected against
1njurlous corrosion at and below the ground line,

2, Str_'ength of Foundatf'ons. (a) Steel Supports. The

the stresses specified in Qrder 1261, A, 3, (d).

Since in many localities the soil and climatic conditions
are such as to alter the strength of foundations congider-
ably from time to time, there should usually be provided a
considerable margin of strength in foundations above that
which (by caleulation) will Just withstand the loads under
the assumption of average conditions of climate and soil.

(b) Wood and Comncrete Poles. Foundations for poles
shall be of such material and dimensions ag to withstand the
loads assumed in Order 1254, A, B, and C without exceed-
ing the following bercentages of their ultimate strength.

—————

Percentaggs of ultimate atrength for
different grades

For transverse loads {when installed)_______ 50 50
For longitudinal loads (at all times) in general - 75
At dead ends

Grade A Grade B Grade ¢

C. Guys. 1. General. The general requirements for
guys are covered under “Miscellaneouys requirements for
overhead construction” (see sec. 128).

2. For lines in exposed locations. Grades A and B. In
exposed situations, such ag open country in rural digtriets,
the transverge strength of wood or reinforced conecrete
crossing poles in sections of higher grade in lines of 1 lower
grade of construction shall, where practicable, be obtained
by the use of side guys in the following situations :
© Where more than ten wires are carried, for all span
lengths.

Where more than six wires are carried if the gpan length
exceeds 150 fect,
© Grade C. The above provisions do not apply to grade €.
3. On Steel Structures. The use of guys to obtain com-
pliance with these requirementy is regarded as generally
i When guys are necessarily used, the steel sup-
ports or towers, unless capable of considerable deflection,
shall be regarded as taking all of the ioad up to their allow-
ble working load, and the guys shall have sufficient
9
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strength to take the remainder of the assumed maximum
load. (See Order 1261, A, 6, (b) for flexible supports).

4. On Wood or Concrete Poles. When guys are used to
meet the strength requirements for wood or concrete poles,
they shall be considered as taking the entire load in the
direction in which they act, the poles acting as struts only.

5. Strength of Guys. Guys, when used, shall be of such
material and dimensions as will withstand the transverse
load assumed in Order 1254, B and the longitudinal load
assumed in Order 12564, C without exceeding the following
percentages of their ultimate strength;

Porcentagea of ultimate strepgth for
different grades

Grade A Grude B Grade C
For trangverse strength (swhen installed)._________.__ . ______ &0 50 i
Forlongitudinal strength (at all times) in gensral.___.. .. _____ 100 w0 .
Abdeadends ___________ .. ___________ - 50 50 75

D. Cross Arms. 1. Vertical Strength. Cross arms shall,
when installed, withstand the vertical loads specified in Or-
der 1254, A without the stress under these loads exceeding
50 per cent of the assumed ultimate stress of the material.

Exception: TFor built-up steel cross arms on steel structures, see
Order 1261, A, 3, (d) for allowable working stresses in steel,

2. Bracing. Cross arms shall be securely supported by
bracing, if necessary, so as to support safely all other loads
to which they may be subjected in use, including Hnemen
working on them. Any cross arm or buck arm except the
top one shall be capable of supporting a wvertical load of
225 pounds at either extremity in addition to the weight of
the conductors.

3. Longitudinal Strength. (a) General. Cross arms
shall withstand any unbalanced longitudinal loads to which
they are exposed, with a limit of unbalanced tension where
conductor pulls are normally balanced, of 700 pounds at
the outer pin. '

(b) At Ends of Higher-Grade Construction in Line of

Lower Grade. Grades A and B. Wood cross arms shall

be of sufficient strength to withstand at all times, without -
exceeding their ultimate strengths, an unbalanced pull in:
the direction of the higher-grade section equal to the ten-

sion in all supported conductors under assumed maximum

loading as given in Order 1254, C, 1. Steel arms shall’
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w1thstan_d this load without exceeding the working stresses
for longitudinal loads given in Order 1261, A, 38, (d).
Grade C. The above provisions do not apply to Grade C.
(¢) At Ends of Transversely Weak Sections. Grades A
and B. The cross arms connected to the structure at each
end of the transversely weak section, such as described in
Oyder 1261, A, 5, shall be such as to withstand at al times
W_lt_hout exceeding their ultimate strengths, under the con-
ditions of loading prescribed in Order 1254, C, 1, an un-
Balam;ecéhloz}:d equivalt?nt to the combined pull in the direc-
10n o e transversely w i [ g
e ¥y weak section of all the conductors
Grade C. The above provision does not apply to
(d) Methods of Mecting Orders 1261, D, 3, by igd?c()jf
Grades_ A and B. Where conductor tensions are limited to
& maximum of 2,000 pounds per conductor, double wood
cross arms fitted with spacing boltg equipped with spacing
nb}ts and yvashers, bipe spacers, or similar construetion, or
with spacing blocks or plates, will be considered as meet’ing
the strength requirements in (b) and (¢) preceding,
Grad_e C. .The above provisions do not apply to grade C.
_4. Dimensions of Cross Arms of Selected Yellow Pine or
Fir. The cross-sectional dimengions of selected vellow pine
or fir eross arms shall not be less than values of Table 22,

TARLE 22

Cross Arm Cross Sections

Number of Pins Grado ©

Grades A
and B

[
Communi-

cation

Inches

Supply

Inches Inches

8 byd | 94hyaeg
Biby 4 |4 by

Note:
‘trossings.

See. 180,18 of the statutes reguires double cross arms st railroad

- 6. Double Cross Arms at Angles or Dead Ends, Grades
A and B. Where conductors are supported on pin insalst-
ors, double cross arms shall be used at unbalanced corners
and dead ends in order to permit conductor fastenings at
two insulators and so prevent slipping.

Grade C.. The above provision does not apply to grade C
.6 Locatlpn. In general, cross arms should be main-
tiined at right angles to the axis of the pole and to the
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direction of the attached conductors. At crossings, cross
arms should be attached to that face of the structure away
from the crossing, unless special bracing or double cross
arms are used,

E. Pins and Conductor Fastenings. 1. Longitudinal
Strength., (a) General. Pins and ties or othe;- conductor
fastenings shall have sufficient strength to Wl'thfstand an
unbalanced tension in the conductor, up to a limit of 700
pounds per pin or fastening. o o

(b) At Ends of Higher-Grade Constructlo_n_ in Line of
Lower Grade. Grades A and B. Pinsg and ties or other
conductor fastenings connected to the structurf: at each end
of the higher-grade section shall be of sufﬁmen_t strgngth
to withstand at all times without exceeding their ult_lmate
strength, an unbalanced pull in the direction_ of the higher-
grade section due to the loading specified in Order 1254,
G, 1.

Grade C. The above provisions do not apply to grade C.

(¢} At Ends of Transversely Weak Sections. (_}rades A
and B. Pins and ties or other conductor fastenings con-
nected to the structure at each end of the transversely weak
section as described in Order 1261, A, 5 ghall be sueh_as to
withstand at all times without exceeding t.heir -ultlmate
strength under conditions of loading prescribed in Order
1254, C, 1 the unbalanced pull in the direction of the trans-
versely weak section of the conductor supported.

Grade C. The above provisions do not apply to grade C.

(d) Method of Meeting Orders 1261, E, 1, (b),.an.d (c).
Grades A and B. Where conductor tensions are hmlt'ed.to
2,000 pounds and such conductors are supported on pin in-
sulators, double pins, and ties or equivalent fastenings will
be considered to meet the requirements (b) and (c) pre-
ceding,

Grade C. The above provision does not apply to grade C.

2. Sharp Edges on Fastenings. Tie wires or fastenings
shall have no sharp edges or burrs at contacts with the con-
ductors. :

8. Height of Pin. The height of the pin and the con-

ductor fastenings and the material and cross gection of the
pin should be chosen so as to afford the required strength..

Note: The method of attaching conductors by suitable t'ies to
single pin-type insulators mounted on 114 _by 9 inch wood pins of
locust or equivalent wood will wsually provide strength up to 1,000

pounds conductor tension with the conductor 8.5 inches above the.:
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cross arm, Steel ping may afford greater strength both for the pins
and for the cross arms,

F. Open Supply Conductors. 1. (a) Material. Conductors
shall be of copper, aluminum (with or without steel rein-
forcement), copper-covered steel, or other material which
will not corrode excessively under the prevailing conditions.

Recommendation: It ig recommended that medium-hard-drawn
copper wire (econforming to the specifications of the American Society
for Testing Materials) be used instead of soft in new construetion,
especially for sizes smaller than No. 2,

Note: Soft copper wire has a vield point less than one-half that
of medium-drawn copper, and hence stretches permanently vith a
correspondingly lighter loading of ice and wind.

If the wire when first strung is pulled to 2 tension approximately
equal to half its breaking strength and then released and tied, its
vield point is thereby raised and it will be less likely to stretech and
its sag to increase materially under moderate Ioading of ice and wind,

(b) All supply conductors in urban districts, except trol-
ley contact conductors, operating at less than 5000 wvolts
between conductors, when installed, shall have standard
weatherproof covering or its equivalent,

2. Minimum Sizes of Supply Conductors. Supply con-
ductors shall be not smaller than indicated in Table 23.

Exception 1: Longer spans than specified in the table may be used
with any listed conductor size if the separations and clearances of

‘Beetion 128 and the sags of Appendix A are correspondingly in-

ereased.

Exception 2: Supply service leads of 0 to 750 volts may have the

sizes set forth in Order 1283, E.

Exception 8: Where the short-span method of construction s em-

* ployed in accordance with Oxder 1261, K, the eonductor sizes and sags
¢ herein specified are not reguired,
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_ >
i s * .auctor
TABLE 23 ‘ %, .1m Order
Minimnm Allownble Conductor Sines ) "% . 18 necessary
o apt ma AN ,400 pounds.
Wire sizes f the up o and Including .
Kind of Wire Londing | _ Cirede of lrelElzeihgrfifl’?élwi‘g;glimits_(ig_f&)f___ .. Splices shall not
Distries | Construction =017 0e"sgo| 250| 300| 400| 500| 7001000 -<ferably not in the ad-
— e A I S OO IO O RO «d upon for withstanding
Covered wires; e 8 & .e crossing conductors. Taps
Copper, medium or hard- A 4 ¢ : . p
drawh,; copper coverad Mediom. .- B 8 g . JE8INng Spann. If a Sphce or tap 1s
steel. Light ¢ 8 ° . in the span next to the crossover
B g 8 . practicable, be placed at a point nearer
_ e _ , support than is the nearest conductor
Bare wites: Heavy.-o-- Aand B ol 4 -
Copgor, medium or hard- e [c o 8 6 crossed over. .
drawn: copper coverad . A gl 6 .
aheel. Medivm ____ ué g % .Exc_eptmn: .In the case of large-gauge conductors where the ap-
. l 'y 5 6 plieation of 'thls rule would work a hardship and where proper meth-
Light. .- lIé g g ods are gvazlable for making high-strength splices, such splices may
. S —i= be used in the crossing span provided they are of a type which has
Covered or hare wires: Hea?y——---- % 1 2 S N ; been shown by tests and experience to be at least as strong as the
¢ 6 2| 2{---i|-- : conductor,
Copper, soft-drawn Medium .- ;é and B ‘é, i ! - -- N
Lighto .| ABandC | 8 4 i e : Grade C. The above does not apply to grade C.
6. Trolley Contact Conductors. In order to provide for
Stoolwire Al (Ami? s : ~ Wear, no trolley contact conductor shall be installed of less
a L smé t}gan I\ZTO. ((;’)’ blf of copper, of No. 4, if of silicon bronze.
Stranded aluminum wire: . Supply Cables. 1. i i
eiout siee! reimforcou't | Al aBandC | 1 ¢ Cabl ﬁp Y s. 1. Specially installed Supply Cables.
S tedt seintorcoment | Al A Band O 6 4 ables having permanently grounded continuous metal
sheath or armor, where located on joint poles, or where

located on other poles and having a grade of construction
less than that required for open wire supply lines of the
same voltage, shall meet the requirements of (a), (b}, (e),
and (d) below. '
(a) 'Messengers. Messengers shall be stranded and of
galvanized or copper-covered steel with strengths and sags
as specified in Order 1262, J for grade D, or if of other
sizes shall not be stressed beyond half their ultimate
strength under the loadings specified in Order 1253.
. (b) Grounding of Cable Sheath and Messenger. Each
section of eable between gplices shall be suitably and per-
nanently 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
800 feet apart. (See section 103 for method)
- {c) Cable Splices. Splices in the cable shall be made so
tha_t their insulation is net materially weaker than the re-
ainder of the cable. The sheath or armor at the splice
hall be made electrically continuous.

3. Lightning Protection Wires. Lightning protection
wires paralleling the line conductors shall be regarded in
respect to size, material, separation, and stringing require-
ments as supply conductors with which they are associated.

4. Sags and Tensions. (a) Minimum Allowable Sag.
Conductor sags shall be such that, under the assumed load-
ing of Order 1253 the tension in the conductor shall not be
more than 50 per cent of its breaking strength for grades
A and B, nor more than 60 per cent for grade C.

The “National FElectrical Safety Code” published by the Bureau of
Standards contains a table of recommended sags which are greater
than those in this code. These recommended sags are published as
Appendix A to part two of the Bureau of Standards Code,

Tn order to minimize the danger from wires swinging together and
to permit the moderate pin spacings and cross-arim spacings sane- ;
tioned by modern good practice in overhead line construction, it i
necessary to assign a limit to the sag, and henece to the recommended
length of span of the smaller sized wires, as indicated by the blank:

spaces in the tables.




ERS

Kind of Wire Losa.,
Digtrict
Heavy._ ... fAa.
Cavered wires; C
Copper, medium ar hard- ) A
drawn; copper covered Medivm. ... B
steel. Lisht g s
g 8 .
C g ]
i i 4| [S-] PO A
Bare wires: Heavy.____.] [Aand B [ TR
Copper, medium or hard- !C g lg‘ i - i 1 I 7
drawn; copper covered A e B R o]
ateel, Medium .- {]é g I o B L I R DL}
o 2
A 6 6l B|.__.] 4 ¢4 4
Light B 8 @ 5] . 4 4 4 g i
e 8 8 8ol 4 4 4 ¥ 1
Heavy. ... A i g é - --
Covered or bare wires: g I
Capper, soft-drawn Medium ... \é and B é i g
Light_ .—...- A, B, and & 6 4 4
4
Steel wire All . {% and B S 8
Stranded aluminum wires
\;‘ithoutsteel reinforcem't {  All A,Band G tIB 2
with steel reinforcement All A,BandC

3. Lightning Protection Wires. Lightning protection
wires paralleling the line conductors shall l_oe ?egarded. in
respect to size, material, separation, and stringing regturg—
ments as supply conductors with which they are associated.

4. Sags and Tensions. (a) Minimum Allowable Sag.
Conductor sags shall be such that, under the assumed load-
ing of Order 1253 the tension in the conductor shall not be
more than 50 per cent of its breaking strength for grades

A and B, nor more than 60 per cent for grade C.

The “National Electrical Safety Code” published by_ the Bure‘autof
Standards contains a table of recommended sags which arti'gille; er
than those in this code. These recommended sags are gub ished as
Appendix A to part two of the Bureau of Stands..rds‘ Code. .

In order to minimize the danger from wires swinging together an
to permit the moderate pin spacings and cross-arm spacings s.im':;
tioned by modern good practice in overhead line construction, ld eld
necessary to assign a limit to the sag, 'and henf:e t.:o the recotr;llmirlu od
length of span of the smaller sized wires, as indicated by the bla
spaces in the tables.
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(b) Two-Thousand-Pound Limitation for Conductor
Tensions. In order to apply the methods given in Order
1261, D, 8, (d) and Order 1261, E, 1, (d) it is necessary
that the conductor tengion be limited to 2,000 pounds.

5. Splices and Taps. Grades A and B. Splices shall not
be made in the crossing span and preferably not in the ad-
jacent spans, which are depended upon for withstanding
the longitudinal tension of the crossing conductors. Taps
shall not be made in the crossing span. If a splice or tap is
made in any conductor in the span next fo the crossover
span, it shall, where practicable, be placed at a point nearer
to the crossover support than is the nearest conductor
crossed over,

Exception: In the case of large-gauge eonductors where the ap-
plication of this rule would work a hardship and where proper meth-
ods are available for making high-strength splices, such spliees may
be used in the crossing span provided they are of a type which has

been shown by tests and experience to be at least as strong as the
eonductor,

Grade C. The above does not apply to grade C.

6. Trolley Contact Conductors. In order to provide for
wear, no trolley contact conductor shall be installed of less
size than No. 0, if of copper, of No. 4, if of silicon bronze.

G. Supply Cables. 1. Specially installed Supply Cables.
Cables having permanently grounded continuous metal
sheath or armor, where located on joint poles, or where
located on other poles and having a grade of construection
less than that required for open wire supply lines of the
same voltage, shall meet the requirements of (a}, (b), (e),
and (d) below.

(a) Messengers. Messengers shall be stranded and of
galvanized or copper-covered steel with strengths and sags
as gpecified in Order 1262, J for grade D, or if of other
sizes shall not be stressed beyond balf their ultimate
strength under the loadings specified in Order 1253.

(b) Grounding of Cable Rheath and Messenger. Each
section of cable between splices shall be suitably and per-
manently bonded to the messenger wire at not less than
two places. The messenger wire shall be grounded at the
ends of the line and at intermediate points not exceeding

- 800 feet apart. (See section 108 for method)

(cy Cable Splices. Splices in the cable shall be made so
that their insulation is not materially weaker than the re-
mainder of the cable, The sheath or armor at the splice

 shall be made electrically continuous,
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(d) Cable Insulation. The conductors of the cable shall
be insulated so as to withstand a factory potential test of
at least twice the operating voltage at operating frequency
applied continuously for five minutes between conductors
and between any conductor and the sheath or armor.

2. Other Supply Cables. The following requirements ap-
ply to all supply cables not included in 1 above.

(a) Messenger. The messenger shall have such strength
and sag that it will not be stressed beyond the following
percentages of ity ultimate strength under the loadings
specified in Order 1253, ‘

Grade of Percentage of
Construction TUltimate Strength

Aand B 50

G e 60

(b) Cable. There are no strength requirements for

cables supported by messengers. :

H. Open Communication Conductors. Open-wire com-
munication conductors in grade A, B, or C construction
shall have the sizes and sags given in Order 1261, F, 2, and
4 for supply conductors of the same grade.

Exception: Where the span length is 150 feet or less, conductors
may have grade D sizes and sags instead of grade C sizes and sags
except as provided in Note g to Table 15, Order 1242,

I. Communication Cables. 1. Metal-Sheathed Communi-
cation Cables, There are no strength requirements for such
cables supported by messengers.

2. Messenger. The messenger shall have such strength
and sag that it will not be stressed beyond the following
percentages of its ultimate strength under the loading
specified in Order 1253: '

Grade of Percentage of
Construction Ultimate Strength

AandB e 50

C e e 60

J. Paired Communication Conductors. 1. Paired Con-
ductors Supported on Messenger. (a) Use of Messenger.
A messenger may be uged for supporting paired conduct-
ors in any location, but is only required for paired conduct-
ors crossing over trolley contact conductors of more than
7,500 volts.

(b) Sag of Messenger. Messenger used for supporting
paired conductors required to meet grade A or B construe-
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tion because of crossing over trolley contact conductors
shall meet the sag requirements for grade D messengers.
(c) Size and Sag of Conductors. There are no require-
ments fqr paired conductors when supported on messenger.
2. Paired Conductors not supported on Messenger.
(a) Above Supply Lines. Grades A and B. Sizes and sage
shall not be less than those required by Order 1261, F, 2
and 4 for supply conductors of similar grade.
Grade C.
Spans 0 to 100 feet. No sag requirements.

Sizes ghall
be not less than the following: e e

Hard-dvawn copper ______________________. No. 14 AWG
Bronze _____ . No. 17 AWG
Copper-covered steel _______________________ No. 1T AWG

Spans 1.00 to 150 feet. Sizes and sags shall be not less
than required for grade D communication conductors.

Spans exceeding 150 feet. Sizes and sags ghall be not
less than required for Grade C supply conductors.
(p) Above Trolley Contact Conductors. Grades A and B.
Sizes and sags shall not be less than the following:

Spang 0 to 100 feet. No size requirements. Sags shall
be not less than for No. 8 A. W. G. hard-drawn copper as
given in Appendix A,

Spans exceeding 100 feet.
the following:

Sizes shall be not less than

Hard-drawn eopper —__.._____.______________ No. 14 AWG
Bronze ______ . No. 17 AWG
Copper-covered steel . _______________________ No. 17 AWG

Sags shall be not less than for No. 8 A. W. G. hard-drawn
copper as given in Appendix A.

Grade C. Sizes and sags shall be as follows

Spans 0 to 100 feet. No requirements.

Spans exceeding 100 feet. No sag requirements.

_ Size
- shall be not less than the following:

Hard-drawn copper
Bronze

K. Short-span Crossing Construction. Where supply
lines cross over railways or communication lines by the
short-span method, the requirements for grade AB,or C
conductor sags and sizes are waived, in so far as such
grades are required by the crossing, provided that a per-
nanently grounded guard arm is installed at each eross-
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over support in such a manner as to prevent conductors
which break in either adjoining span from swinging back
into the conductors crossed over, or in the case of a rail-
road ¢crossing into the space between the crossing supports.

Explanation: The short-span method of crossing’ requires the
eross-over span to be of such a height that a conductor breaking in
that span can not come within 15 feet of the ground or rails at a
railroad erossing or make eontact with any wires crossed over at a
wire erossing, ’

This character of construction is faeilitated where the cross-over
supports can be placed quite near together and in the case of wire
crossings where the span crossed over is at a minimum elevation
above ground.

L. Cradles at Supply Line Crossings. Cradles should not
be used. '
Note: It is less expensive and better to build the supply line

strong enough to withstand extreme conditions than to build a cradle
of sufficient strength to eatch and hold the supply line if it falls,

M. Protective Covering or Treatment for Melal Work.
All hardware, including bolts, washers, guys, anchor rods
and similar parts of material subject to injurious corrosion
under the prevailing conditions, shall be protected by gal-
vanizing, painting, or other treatment which will effectively
retard corrosion.

Order 1262. Grades D and E Construction.

A, Poles. 1. Strength of unguyed poles. Unguyed poles,
at the time of installation, shall withstand the vertical and
transverse loads specified in Order 1254, A and B and the
longitudinal loads specified in Order 1254 C without exceed-
ing the following percentages of their ultimate strength.

Percentages of ultimate
strength for different grades

Grade D Grade E

TFor tranaverse sbrength_ . . memammmamams 25 37.5
(]

Tor longitudinal atrength (for pales carrying not more than two wires).____.__ 50

2. Strength of gﬁyed po]eé. Where .poles are guyed, the

in Order 1262, C combined with the vertical load.

3. Strength Requirements for Poles Where Guying is -
Required, but Can Only be Installed at a Distance. Where

on account of physical conditions it is impracticable to guy

poles shall be considered as acting as struts, resisting the -
vertical component of the tension in the guy caleculated as.

. 7 ominal strengths shown in the Table and a wire load of 50 per cont No.8 B. W.G

the susponsion strand serves as a hend zuy.

o & 5° O e .
FRAY @ SR
RS & o & & 9‘9&'%0’00
N @ A A &%
S&E /00 ) s L0 o ST
SR o oD b N A PSR S
y O i @ QN,Q' o7 Q () %'Q ) QQ‘Q’
o & SO0 ST FS LTXD F 7 F
A oy g & TLL £
E s S $v®e &x;?@&@ 23 bré‘%% @@\o?“ "%Q@% o
oy &P iy )
& Sl S E ) L s F g L S EE S
3 S PEFS o o & E @ Sshall be
FES oo o RS & € direction in
SPES o & & & Swing percentages
Foe f o8& LdAal
i YRS SE &F
S ," ‘. 2 0@ &. Loy Q .
O~ D % o Percent
%rﬁs‘o‘?@b S 50
-
F e e 75
L. ) T & . .
o SL & s7ror Longitudinal Strength. (a) Direction
e &5 & Avs. Poles supporting the crossing span shall be

-\(0;, )‘ngfed away from the crossing.
~1b) Slze and Number of Head Guys. Guys f i
wire loads shall be supplied as per Table 25, v for various

Exception: This rule does not igsi
. prevent the omission of head o
where the crossing poles have the strength specified in Ord?r f21163;.,s
A, 1 above and earry not more than two wires, ’

TABLE 25

Sirven (in Pounds) of Hen x kY ired f H Lo:
sth d Guys R i
| th equired for envy oading

{Combinations of standard-size guys may be used)

Number of Wires Ratio of guy lead to height not less than

— S T O B

Grade D, Heavy Loading

4,000 o
e W) IR
iew) mml g B B
SE| B oBm) mm oue
il B SE) BE) 68

Grade E. Heavy Loading

4600 [ 4000 4,000 1000
M) i) |
; : ; 6,000 !
13'833 10,000 10,000 19,000 126 '838
: 19000 12,0(0 16,000 16 000
12,000 16,000 16,000
. , 16,000 2
| mml o oamw BER A
201000 20,060 . §3 ,Ougg gg ggg

26,600 24,000 i 32,000 40,000

Note to Tabls 25, This table is besed on ultimate or breaking strength of guys equal to seven-sixths of th ¢

iron and 50 per cent No. a

. G, copper with an average pull of 40875 pounds per wire. No guy will be required for 2 cable, g
, since

5. Location of Guy Anchors. Guy anchors shall, where

_p'OSS-ible, be Iocatéd so that the horizontal distance from the
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“tressed beyond one-half its ultimate strength. No
over suppors for longitudinal strength are made if the con-
which break in ere balanced. Where conductor tensions
into the conductors .to a small angle in the line at one or
road crossing into the spding any of the wires, either guys

Fxplanation: The short-span AI%P;& ble of withstanding such
crogs-over span to be of such a height t..
that span can not come within 15 feet of thossing Poles. The
railroad crossing or make contact with any wirchg]] be sueh that
wire crossing, ~f the ¢ross-

This character of construction iz facilitated where the arms of
supports can be placed quite near together and in the case o. -
crossings where the span crossed over iz at a minimum elevatic
above ground.

L. Cradles at Supply Line Crossings. Cradles should not
be used. :
Note: It is less expensive and better to huild the supply line

strong enough to withstand extreme conditions than to build a eradle
of sufficient strength to cateh and hold the supply line if it falls.

M. Protective Covering or Treatment for Metal Work.
All hardware, including bolts, washers, guys, anchor rodg
and similar parts of material subject to injurious corrosion
under the prevailing conditions, shall be protected by gal-
vanizing, painting, or other treatment which will effectively
retard corrosion.

Order 1262. Grades D and E Construction.

A. Poles. 1. Strength of unguyed poles. Unguyed poles,
at the time of installation, shall withstand the vertical and
transverse loads specified in Order 1254, A and B and the
longitudinal loads specified in Order 1254 C without exceed-
ing the following percentages of their ultimate strength.

Percentages of ultimate
streugth for different grades

Grade D Grade E
37.5
75

2. Strength of guyed poleé. Where poles are guyed, the
poles shall be considered as acting as struts, resisting the

vertical component of the tension in the guy calculated as

in Order 1262, C combined with the vertical load.

3. Btrength Requirements for Poles Where Guying is
Required, but Can Only be Installed at a Distance. Where
on account of physical conditions it is impracticable to euy:
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3..Guys Used for Transver
considered
which they act,
of the ultimate

Grade D Percent

Grade T 11111 TTIIITTTTIIIITImm e B

4. Guys used for Longitudinal Stren i
: gth.  (a) Directi
of Head Guys. Poles Supporting the crossing span shaclll?)};
he?g)gussfed away from the crossing.
_ ize and Number of Head Qu 5. G i
wire loads shall be supplied as per Taj}]::Ie 25}1378 for various

Exception: This rule does not
: T prevent the omission of h z
Xhere the crossing poles have the strength specified in Orc‘iajl'zi 162%3.‘;5
» 1 above and earry not more than two wires, ’

TABLE 25

Strength. (in Pounds) of Head Guys
Districis

{Combinations of standard-size 8Uu¥s may he used)

T T e

Number of Wires Ratio of guy lead to height not less than
% | T Tx
Grade D. Heary Loading

Required for Heavy Loading

| [ u

4,000 ) .00

4,000

10,000
16,000

20,000 20,000
20,000 20,000
26,000 30,000
30,000 30,000
36,000 40,600

e

Grade E. Heavy Loading

6,000
16,000

12,00
15,003 , 16,600 20,000
16.000 . ; 20,000 26,000
2.000 ; X 26,000 30,000
20,000 ) 28 1600 30,060 36000
. . 30,000 32 000 40,000

Note to Table 25, This tahle is based o i
¢ . i n ultimat, i ©
nominai sirengtha shown in the Table and 5 wire loag g; 51)5?33(:{1-] ggn%tlﬁgggh;f&’uy? ool Sy Toixiha of
- L. copper with an average pull of 408,75 pounds per wiro, No guy will b cnied 50 per cent No. y

. the suspension strand ferves as a head guy, ey will be required for » table, sicce

5, Loecation of Guy Anchors.

. G > 5
possible, be located so that the ho rontal dplh where

rizontal distance from the
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ground line of the pole to the guy or guy rod will be not
less than the height above ground of the attachment of the
guy to the poles for head guys, and not less than one-third
that height for side guys.

6. Attachment of Guys to Poles. The guys shall be at-
tached as near to the center of the load as practicable,

7. Maintenance. The guys and anchors shall be main-
tained so that the guys are kept taut.

D. Cross Arms. 1. Material. Wood cross arms sup-
porting the crossing span shall be of vellow pine, fir, or
other suitable timber.

2. Minimum Size, (a) Wood Cross Arms. Wood Cross
arms shall have a cross seetion not less than the following :

Cross section

Length of arm (inches)
6 feet orless . ______ 2% by 3%
More than 6 feet __._______71TTTTTTTTTITmmn 3by4

(b) Steel or Iron Cross Arms. Galvanized or painted
iron or steel cross arms of strength equal to wood eross
arms may be used,

3. Double Cross Arms. Cross arms and insulators shalf
be double on the crossing poles. The cross arms shall be
held together with properly fitted spacing blocks or bolts
placed immediately adjoining the outside pins. Double
cross arms shall not support more than 10 conductors.

. Brackets and Racks, Brackets or racks may he used
only if used in duplicate or otherwise designed so as to af-
ford two points of support for each conductor.

Exeception: PFor supporting paired conductors, a single metal
bracket, designed to safely withstand the full dead-end pull of the
wires, may be used.

F. Pins. 1. Material. Insulator pins shall be of steel,
wrought iron, malleable cast iron, or locust or equivalent
wood.,

2. Btrength. Tnsulator pins shall have sufficient strength
to withstand the loads to which they may be subjected.

3. Size. (a) Wood Pins. Wood pins shall be sound and
straight-grained with a diameter of shank not legs than
114, inches.

(b) Metal Pins. Steel or iron pins shall have diameter
of shank not less than one-half inch.

G. Insulators. Each Insulator shall be of such paltern,
design and material that when mounted it will withstand
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without injury ang without being pulled off the pin, the
ultimate strength of the conductor attached to the insulator.

H. Attachment of Conductor to Insulator. The conduct-
ors shall be securely tied to each supporting insulator.

I Conductors. 1. Material. . Conductors shall be of
hard-drawn copper, copper-covered steel, galvanized steel,
or other hard-drawn corrosion-resisting metal, provided,
however, that galvanized steel shall not be used in localities
where excessive corrosion would resylt.

2. Bize. Conductors of the crossing span, if of hard-
drawn copper or galvanized steel, shall have sizes not less
than specified in (a) and (b) below., Conductors of ma-
terial other than the above shall be of such size and so
erected as to have g mechanical strength not less than that
i:)f the sizes of copper conductors given in (a) and (b) be-
ow,

(a) Spans not Exceeding 150 Feet, The sizes in Table
26 apply.

TABLE 2q
Grades T and I Minimum Wire Sizes

(A, W, G for copper; Stl. W. Q. for steel)

Spans of 125 feet or Bpans of 125 feet fo
Conductor Loading v less bt 150 feet
Distriet T —
Grads Ir Grads B Grads D Grade |
_— | T | Trae®
Copper, hard-drawn.____,_______ Heavy 10 10 8 10

teel, Galvanized:
n General.

(b) . Spans Exceeding 150 feet, If spans in excess of 150
feet are hecessary, the size of conductors specified above
or the sags of the conductors shall he correspondingly in-
creased.

3. Paired Conductors Without Messengers. Paired
wires without g supporting messenger shall be eliminated
as far as practicable and where used shall meet the follow-
ing requirements :

(a) Material. Each conductor shall be made of bronze,
hard-drawn copper, or copper covered steel, and shall he
tinned,

(b) Size. Each wire shall be not smaller than the fol-
lowing:

Hard-drawn copper . No. 14 A. W, g,
Bronze ________ No. 17 A, W. .
AW.C
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(¢) Limiting Span Lengths. Paired wires sh_all in no
case be used without a supporting messenger in longer
spans than the following:

Feet
For grade D construction .. _______________ 100
For grade E construction _________________ 125

4. Sags. Conductors of the crossing gpan shall be strung
with sags not less than shown in Table 27.

TABLE 27

i - g 3 ol Wire or Steel
Minimum Stvinging Sags of Bare Hard-Drawn Copper
. g‘Vire tor Loading Districts Indieated

Heavy Loading

8ag (in inches)

Length of span (in fest) 00T, 3O T §0° F. 40° F. 200 P 0° 7.
5L 5 4 314 234 2
Sﬁ 514 414 3l 3 214
§ 7 5ig ilg 334 3

14 83g 7 518 414 4
12 10 814 (371 515 3
14 12 10 8 63 6
17 14 12 914 8 7
20 17 14 11 914 8
23 20 18 13 11 9

5. Splices and Taps. Splices and taps shall not be'made
in the crossing span and preferably not in the adjacent
spans.

p6. Simultaneous Crossing over Railroad and Supply Line.

Where conductors cross in the same 8pan over a ratlroad
track and a supply line carrying from 750 volts alternating
current (440 volts to neutral! or ground) to 5,000 volts al-
ternating current (2,900 volts to neutral or ground) the
minimum allowable conductor sizes shall be the same as re-
quired by Order 1261, F, 2 for grades A and B construec-
tion when crossing main and minor tracks respectively,

J, Messengers. 1. Minimum Size. (a) Spans not Ex-
ceeding 150 Feet. Table 28 gives the minimum sizes of
galvanized steel-strand messenger to be used for support-
ing different sizes of cables:
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TARBLE 28

Mintmum Sizes of Messenger

;—__—_Hk——ﬁ'_‘\—\__—%

Messenger
(nominal break.
Bize of cable in weight per feot ing load)
pounds
-—_— .
Lessthan 225 pounds . ____._ .. 6,000
2.25 to 5 pounds____,__TTTTTTTTTTTTC" 190,000
Exaceding § and less than & pounds 16,000

*W:here only lght cables or a small number of twisted pairs are supported by a messenger,
and tiding the cable is prohibited, a 5000 messenger miy be used.

(b) Spans Exceeding 150 Feet, For spans exceeding
150 feet or for heavier cables a proportionately larger mes-
senger or other proportionately stronger means of support
shall be used.

2, Sags and Tensions. Multiple-wire cables and their
messengers shall be suspended with a normal sag at 60° F.,
so that when they are stubjected to the loading prescribed
in Order 1253 the tension in the megsenger will not exceed
the following values of safe working tension:

TABLE 29

Safe Working Tension in Messengers

Hafe working
tension of mes
senger

Neminal bresking load of messenger {in pounds)

Order 1263. Grade N. Construction.
. A. Poles and Towers. Poles used for lines for which
neither grade A, B, C D, or K ig required shall be of such
initial size and so guyed or braced, where necessary, as to
ithstand safely the loads to which they may be subjected

- including linemen working on them.
B. Guys. The general requirements for guys are covered

under “Miscellaneous requirements for overhead construe-
lon” (sec. 128). : '
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. Cross-Arm Strength. Cross arms shall be securely
sugpofted, by bracing if necessary 80 as to guppox:t saﬁely
loads to which they may be subjected in use, including line-
men working on them. Any cross arm, or }?uck arm, ‘exi
cept the top one, shall be capable of .sup_portm.g a vertls}?
load of 225 pounds at either extremity in addition to the
weight of the conductors.

: cross arms are generally used at crossings, un_bal-
ani?itzl)rnlgis,b;id dead-ends in orc%er _1:0 permit cond.uct?r faster;mrgs
at two insulators, and so prevent slipping, although single ctlﬁ)ss(,i osblz
might provide sufficient strength. To secure extra strength, ouble
cross arms are frequently used, and cross-arm guys are some
used,

; ial. All supply

D. Supply-line Conductors. 1. Matema _ [
conductozt)'s ghall be of copper, aluminum (with or without
steel reinforcement), copper-covered steel, or other n.la:te-
rial which will not correde excessively under the prevailing

coréc‘hgic;rr. Supply-line conductors shall be not smaller than

the following:

TABLE 30
Grade N Minimum Gauge Sizes for Supply-Line Conductors

(A. W. & for copper and aluminum; 8t1, W. @, for steel)

Urban Rural __
- § ]
b COPDET.. e e e e crm e mam e w b e w s m——————— i mm e 3 H
soedi.uniJ Er Bard drawhe0pper—- - ooramoomrommeo oo H P
L1 PR
= Urban and Rural
i 1501t. | Spans oxceed
Btranded aluminum szr;ﬂlegé) ?ng s gxeee
______ 1 0
Not reinfarced_-_...__.--.--_____._-__-..__-_..-___..-_:__:::: _______ ! 9
Steekreinforced . .o

i i t except as modified in

endation: It is recommen_ded tha:
talﬁzcggm(l)rder 1261, ¥, 2, these minimam sizes for copper an(‘i st_eil
are not ;Jsed in spans longer than 150 feet for heavy-loading district.

‘ ) ial. All supply service
. Supply Services. 1. Mater;al_ ; ¢
corllﬂduc’cc)j!l)*js:;l éhall be of copper, aluminum (with or without

steel reinforcement), copper-covered steel, or other ma--

terial which will not corrode excessively under the prevail-
ing conditions.

i i dred and °
i f Open-wire Services. (a) Seven Hun _
Fi?i‘:ysgglt(; orpLess. Supply-service leads of 750 volts or

less shall not be smaller than required by (1)} or (2) helow.
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(1) Spans not exceeding 150 feet.

TABLE 31
Minimum Sizes of Service Leads Carrying 750 Volty or Less

(A. 'W. @Q. for copper; Stl. ‘W, G. for steel.)

Copper Wire
Situation | ————— Steel wire
Soft- Medium or
drawn bard-drawn
-—
Alove . 10 12 12
Coneerned with communization conductors 10 12 12
Ower aupply eonductors of 0-750 velts. . _ 19 12 12
750to 7,600 volts(a) . ____ 8 16 12
Exceeding 7,500 volts [CY IR 6 8 9
Over trolley eontast condugtors
00750 voltsn. e, or d. ¢, __ 8 10 12
Exeeeding 750 volts d, ¢, 11217711 TT T 6 8 9

(2} Inatallation of serviceleads o
uvoided where practieabie.

f not more thau 750 volts over supply lines of more than 756 volts should be

(2) Spans exceeding 150 Feet. Sizes shall not be smaller
than required for Grade C. (Order 1261, F, (2), (b)), ex-
ceeding 750 volts. Sizes of supply-service leads of more
than 750 volts shall be not less than required for supply-
line conductors of the same voltage,

3. Sag, Open-Wire Services, (a) Seven Hundred and
Fifty Volts or Less. Supply service leads of 750 volts or
less shall have sags not less than the following.

TABLE 42

Sags for Open-Wire Services
_—— _

Inches

100 or less.____.
100 to 125 _
126 to 150_____

. 27
Eroweding 150. 2220 I IIITTI I | Grade C sags. (See tables of Appendix A)

_— e

(b) Exceeding 750 volts. Supply service leads of more
than 750 volts shall comply as to sags with the require-
ments for supply line conductors of the same voltage.

-4, Cabled Services, Supply service leads may be
grouped together in a cable, provided the following require-
ments are met.

= {(a) Size. The size of each conductor shall be not less
th
=

12
18

an required for leads of separate conductors (Order 1263,




148 ELECTRICAL CODE—OQRDER 1263

(b) Sag. The sag of the cable should be not less than
required for leads of separate conductors (Order 1263,
E, 3). ‘

(¢) Insulation. The insulation should be sufficient to
withstand twice the normal operating voltage,

F. Lightning Protection Wires. Lightning protection
wires paralleling the line conductors shall be regarded in
respect to size and material requirements, as supply con-
ductors.

G. Trolley Contact Conductors. In order to provide for
wear, no trolley contact conductors shall be installed of Iess
size than No. 0, if of copper, or No. 4, if of gilicon bronze.

H. Cradles at Supply-Line Crossings. Cradles should
not be used.

Note: It is less expensive and beiter to build the supply line

strong enough to withstand extreme conditiong than to build a cradle
of sufficient strength to catch and hold the supply line if it falls.

I. Communication Conductors. There are no specific re-
quirements for grade N communication line conductors or
service drops.

SECTION 127. LINE INSULATORS

Order 1270. Application of Rule.

These requirements apply only to situations where grade
A or B construction is required. . They do not apply to line
insulators in grades C, D, E, or N construction.

Order 1271. Material and Marking.

Insulators for operation on supply lines at voltages of
2,300 and above shall be of porcelain, made by the wet
process or one equally suitable as regards electrical and

mechanical properties, or other material which will give .

equally good results in respect to mechanical and electrical
performance and durability. These insulators should be
marked by the maker with a classification number and

maker’s name or trade-mark, the marks being applied g0 as.

not to reduce the electrical or mechanical strength of the
insulator,

Order 1272. Electrical Strength of Insulators in Strain’
Position. '
Where insulators are used in strain position they shall
have not less electrical strength than the insulators gen-:
erally used on the line when under the normal mechanica
stresses imposed by the loadings specified in section 125
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Order 1273. Ratio of Flash-Over to Puncture Voltage

Insula:tors shall be designed so that their dry ﬁasho.ver
voltage is not more than 75 per cent of their puncture volt-
ageat g frequency of 60 cyeles per second.

Order 1274, Test Voltages.
Insulators wh

trical Engineers

less than given in Table 383,

ican Institute of Elec-
all flash-over 4t values not

TABLE 22
Test Voltage Requirements
(Based on Line Conditions of Grder 1276, B, 1.)

Minjmura test
dry flash-over
voltage of
insulators
—

Nominal line voltage

20,000
80,000

B. Suspension In's.
Double cross arms on cro

. . 420
Exeeption: This does not apply to--- 560,833

arms nor to steel eross arms used with a3 ———— —
as per 2 (b) following.

2_. Number of Insulator Strings. (a) Dou.

Strmgs. Double strings of the insulators used on Thivn, 43
ing supports except under the special conditions coverey
(b} following.

. ( b) Single Insulator Strings, Where preferred gingle
Ei ;‘;rslgosbgiiill?sulators may be used if all the following condi-

(1) Steel cross arms on steel poles or structures,

(2) Hardware throughout providing a factor of safety
p_f not less than 2 against the assumed maximum tension
in the conductor in one direction.

(3) A high-strength clamp which wil] brevent the con-

__dt.lctqr upder assumed maximum loading conditions from
. slipping into the crossing span.

(4) An extra unit where strings of 5 or ]
. 1 €38 are used
elsewhere in the line and ra units where strings of 6

‘more are normally used, these extra units tob i
N addition to those in 4 below. 0 78 provided
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278 &) ’
RSP L& g
y g ,;" & ¢ (1) Wood pins, ungrounded at the crossing supports,
& :

&
P& {g? . with wood or metal pins grounded or ungrounded through-
R out the line. '

. (b) Insulators which have a rating of 25 per cent great-

@‘5}3 er than the requirements of Table 83, but not less than the
E insulators in the remainder of the line, under the following
conditions: '

(1) Wood pins, grounded at the crossing supports and
throughout the line.

(2) Metal pins, grounded or ungrounded at crosging sup-
ports and throughout the line.

(¢) Insulators at the crossing support which have a rat-
: ing 50 per cent greater than those in the rest of the line,
S but not less than 25 per cent greater than required by Table

g . 33 under the following conditions:

(1) Wood pins, grounded at crossing support and pins
ungrounded throughout the remainder of the line.

(2) Metal pins, grounded at the crossing support and
pins ungrounded throughout the remainder of the line.

{3) Metal pins, ungrounded at the crossing support with
wood pins ungrounded throughout the remainder of the
line.

B. Suspension Insulators. 1. Double Cross Arms.
Double cross arms on crossing supports,

P
S
Sl
S
o oy
Sl

/
L
o
i

5 7 to situations where gra:de
&/ sed.. They do not apply to line

5
V

Exception: This does not apply to latticed or trussed steel cross

S Y & s rm to steel cross arms used with ingle stri f insulat
8 [ [a] e ction. arms mnor g 83 5 Wl a single string of insulators
\Q‘?A&&?&Q\?‘ & 4, E, or N constru as per 2 (b) following.
s - . . .
& gr ,}Q.’”éb& _aterial and Marking. 2. Number of Insulator Strings. (a) Double Insulator

Gf'b R0 operation on supply lines at voltages of
& ‘”? g @&'ﬁ%}d abi(:rl;a sr})iall be of porcelain, made by fche wet
° §n\§ésg‘ or one equally suifable as regards ejlectrlt.:a] a_nd
mechanical properties, or other materlal‘ which “imt g_w?
equally good results in respect to mec}_lanlcal and e ecl§1c€e
performance and durability. These _1nsu1.ators sh}c))u ¢
marked by the maker with =a class1ﬁcat}on nunt gr an |
maker’s name or trade-mark, the marks_ being applie Eofgs
not to reduce the electrical or mechanical strength of the

Strings. Double strings of the insulators used on the cross-

ing supports except under the special conditions covered in

(b) following.
: (b) Single Ingulator Strings. Where preferred single
. strings of insulators may be used if all the following condi-
tions obtain.

(1) Steel cross arms on steel poles or structures.

(2) Hardware throughout providing a factor of safety
of not less than 2 against the assumed maximum tension

insulator. in the conductor in one direction.
. in Strain (38) A high-strength clamp which will prevent the con-
Order 1272. Electrical Strength of Insulators S ductor under assumed maximum loading conditiong from
Position.

slipping into the crossing span.

=+ (4) An extra unit where strings of 5 or less are used
elsewhere in the line and 2 extra units where strings of 6
or more are normally used, these extra units to be provided
in addition to those in 4 below.

i i i ition they shall
Where insulators are used in strain posit
have not less electrical strength than the insulators g_eni
erally used on the line when under the normal mechanica;
stresses imposed by the loadings specified in section 125
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3. Position of Insulator Strings. Insulators of the sus-
pension type on crossing supports preferably should be
used in the suspension or semistrain position except where
conditions are such as to require the insulators to be used in
the full-strain position.

4. Insulators in Suspended Position.
Crossing Supports. Insulators which meet the reguire-
ments of Table 33. In all cases the insulation at the cross-
ing to be at least equal to that elsewhere in fhe line.

(b) Grounded Supports at the Crossing and Elsewhere
in the Line. Where supports throughout the line are
grounded, insulators which meet the requirements of Table
33 with one extra unit in each string normally requiring 5
or less and 2 extra units in each string normally reguiring
6 or more; in all cases, the insulation at the crossing to be
at least equal to that elsewhere in the line.

(c) Grounded Supports at Crossing Only. Insulator
strings which have one extra unit where the strings in
other portions of the line nmormally have 5 or less and 2
extra units where the strings elsewhere in the line have 6
or more units; in all cases the insulators to meet (b) above.

5. Insulators in Strain position. Where insulators are
used in the strain position, one more unit than in 4 above
to be used in each string.

6. Limit for Increased Number of Insulators. In no case
is the application of the above paragraphs to result in the
addition of more than 2 disks to strings normally requiring
5 or less, nor more than 8 disks to strings normally requir-
ing 6 or more.

(a) Ungrounded

SECTION 128. MISCELLANEQUS REQUIREMENTS FOR

OVERHEAD LINES

Order 1280. Supporting Structures.

A. Poles and Towers. 1. Rubbish. Poles and towers
shall be placed, guarded, and maintained so as to be exposed
as little as practicable to brush, grass, rubbish, or building
fires. '

2. Guarding Poles. (a) Protection Against Mechanical
Injury. Where poles and towers are exposed to abrasian
by traffic or to other damage which would materially affect
their strength, they shall be protected by guards.

(b) Protection Against Climbing. On closely latticed
poles or towers carrying supply conductors exceeding 300
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volis to ground, either
used except as follows:

Exception 1:
Exception 2:

guards or warning signs shall be
See 1214C.

Where the right of way is completely fenced.

Where the right of way is not completely feneed,
adjacent to roads regularly
traveled thoroughfares, or places where people frequeni’:ly gather,
such as schools or public playgrounds,
. 3. Warning Signs,
ing signs on
1214C.

(b} On Bridge Fixtures. Structures attached to bridges
for the purpose of supporting conductors shall be plainty
marlied with the name, initials, or trade-mark of the util-
ity responsible for the attachment and, in addition, where
the _Voltage exceeds 750 volts, by the following sign or its
equivalent. “Danger—IHigh Voltage” (See Orders 1214
C, 2 and 8), ’
_ 4. Grounding Metal Poles. Metal poles not guarded or
1solatet'i shall always be specially grounded where in con-
tact with metal-sheathed cable or the metal cases of equip-
ment operating at voltages exceeding 750 volts,

Metal poles not guarded, isolated, or specially grounded
shou}d always be considered as imperfectly grounded and
the }nsplators supporting line conductors as well as the
strain insulators in attached span wires should, therefore
havq a suitable margin of safety and be maintained With,
fipe%lftl care to prevent leakage to the pole as far ag prae-

cable.

5. Pole Steps. (a) Metal Steps.
feet from the ground or

not be placed on poles.
{b) Wood Blocks,

(a) On Poles or Towers. For warn-
poles or towers, see Order 1280, A, 2, (b) and

Steps closer than 614
other readily accessible place shall

conductors; but the lowest block is not to be less than 814
feet from the ground or other readily accessible place. On

© poles carrying only communication conductors, additional
wood blocks may be used,

Date of installation of such structyres
shall be recorded where practicable by the owner,
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7. Obstructions. All poles should be kept free from post-
ers, bills, tacks, nails, and other unnecessary obstructions,
such as through bolts not properly trimmed. ‘

Exception: Beeanse of the difficulty of maintaining stenciled signs
on a creosoted surface, metal signs may be used on creosoted poles.

B. Cross arms. 1, Location. In general, crosy arms
should be maintained at right angles to the axis of the pole
and to the direction of the attached conductors, and at
crossings should be attached to that face of the structure
sway from the crossing, unless special bracing or double
Cross arms are used.

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

2. Bracing. Cross arms shall be securely supported, by
bracing if necessary, so as to support safely loads to which
they may be subjected, including linemen working on them.
Any cross arm or buck arm, except the top one, shall be
capable of supporting a wvertical load of 225 pounds at
either extremity in addition to the weight of the conductors.

C. Unusual Conductor Supports. Where conductors are
attached to structures other than those used solely or prin-
cipally for supporting the lines, all rules shall be complied
with as far as they apply and such additional precautions as
may be deemed necessary by the administrative authority
shall be taken to avoid injury to such structures or to the
person using them. The supporting of conductors on trees
and roofs should be avoided where practicable,

Order 1281. Tree Trimming.

A, General. Where trees exist near supply-line conduct-
ors, they shall be trimmed, if practicable, so that neither
the movement of the trees nor the swinging or increased
sagging of conductors in wind or ice storms or at high tem-
peratures will bring about contact between the conductors
and the trees.
1933 Wiscongin Statutes).

Exception: For the lower-voltage conductors, where trimming is
difficult, the conductor may be protected against abrasion and against
grounding through the tree by interposing between it and the tree a
sufficiently nonabsorptive and substantial insulating material or
device,

(See Sections 86.11, 86.12 and 86.16 of the
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& Jrossings. The
ans shall be kept
% anging or decayed

.5 to be imposed on poles,
actures are greater than

o . poles or towers alone, addi-
&40 —owu suill be provided by the use of guys, braces

- of 'o?her suitable construction.

Guys shall be used also, where necessary, wherever con-
ductor tensions are not balanced, as at corners, angles, dead
ends, and changes of grade of construction.

Note: Thiz is to prevent undue increase of sags in adjacent

gpans as well as to provide sufficient strength for those supports on
which the loads are considerably unbalanced.

B. Strength. The strength of the guy shall meet the re-
quirements of Section 126 for the grade of construction that
applies,

When guys are used with wood or other poles or towers
capable of considerable deflection before failure, the guys
shall be able to support the entire load in the direction in
which they act, the pole acting simply as a strut.

C. Point of Attachment. The guy should be attached to
the structure as near as practicable to the center of the con-
ductor load to be sustained.

D. Guy Fastenings. Guys should be stranded and where
attached to anchor rods should be protected by suitable guy
thimbles or their equivalent. Cedar and other soft wood
poles to which any guy having a strength of 10,000 pounds
or more is attached should be protected by the use of snit-
able guy shims and, where there is a tendency for the ouy
to slip off the shim, guy hooks or other suitable means of
“preventing this action should be used. Shims are not neces-
sary in the case of supplementary guys, such as storm guys.

E. Guy Guards. The ground end of all guys attached to
ground anchors exposed to traffic shall be provided with a
substantial and conspicuous wood or metal guard not less
than 8 feet long.

Reeommendation: It is recommended that in exposed or poorly
lighted locations sueh guards be painted white or some other con-
spicuous color,

F. Insulating Guys from Metal Poles. Where anchors
would otherwise be subject to electrolysis, guys attached to
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cross arms are used.

Note: Double cross arms are generally used at crossings, uqbal-
anced corners, and dead ends in order to permit conductor fastenings

at two insulators and so prevent slipping, although single cross arms
might provide sufficient strength. To secure extra strength, do'ub!e
cross arms are frequently used and cross arm guys are sometimes
used.

2. Bracing. Cross arms shall be securely supported, by
bracing if necessary, so as to support safely loads to which
they may be subjected, including linemen working on them.
Any cross arm or buck arm, except the top one, shall be
capable of supporting a vertical load of 225 pounds at
either extremity in addition to the weight of the conductors.

C. Unusual Conductor Supports. Where conductors are
attached to structures other than those used solely or prin-
cipally for supporting the lines, all rules shall be complied
with as far as they apply and such additional precautions as
may be deemed necessary by the administrative authority
ghall be taken to avoid injury to such structures or to the
person using them. The supporting of conductors on trees
and roofs should be avoided where practicable.

Order 1281. Tree Trimming.

A, General. Where trees exist near supply-line conduct-
ors, they shall be trimmed, if practicable, so that neither
the movement of the trees nor the swinging or increased
sagging of conductors in wind or ice storms or at high tem-
peratures will bring about contact between the conductors
and the trees. (See Sections 86.11, 86.12 and 86.16 of the
1983 Wisconsin Statutes),

Exception: For the lower-voltage conductors, where frimming is
difficult, the conductor may be protected against abrasion and against
grounding through the tree by interposing between it and the tree a
sufficiently nonabsorptive and substantial insulating material or

device.
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B. At Wire Crossings and Ratlroad Crossings. The
crossing span and the next adjoining spans shall be kept
free, as far as practicable, from overhanging or decayed
trees which might fall into the line.

Order 1282, Guying.

A, Where Used. When the loads to be imposed on poles,
towers, or other supporting structures are greater than
can safely be supported-by the poles or towers alone, addi-
tional strength shall be-provided by the use of guys, braces
or other suitable construetion.

Guys shall be used also, where necessary, wherever con-
ductor tensions are not balanced, as at corners, angles, dead
ends, and changes of grade of construction.

Note: This is to prevent undue increase of sags in adjacent

spans as well as to provide sufficient strength for those supports on
which the loads are considerably unbalanced.

B. Strength. The strength of the guy shall meet the re-
quirements of Section 126 for the grade of construction that
applies.

When guys are used with wood or other poles or towers
capable of considerable deflection before failure, the guys
shall be able to support the entire load in the direction in
which they act, the pole acting simply as a strut.

C. Point of Attachment. The guy should be attached to
the structure as near as practicable to the center of the con-
ductor load to be sustained.

D. Guy Fastenings. Guys should be stranded and where
attached to anchor rods should be protected by suitable guy
thimbles or their equivalent. Cedar and other soft wood
poles to which any guy having a strength of 10,000 pounds
or more is attached should be protected by the use of suit-
able guy shims and, where there is a tendency for the guy
to slip off the shim, guy hooks or other suifable means of
preventing this action should be used. Shims are not neces-
sary in the case of supplementary guys, such as storm guys.

L. Guy Guards. The ground end of all guys attached to
ground anchors exposed to traffic shall be provided with a
substantial and conspicuous wood or metal guard not less
than 8 feet long.

Recommendation: It is recommended that in exposed or poorly

: lighted locations such guards be painted white or some other con-
spicuous color.

F. Insulating Guys from Metel Poles. Where anchors
- would otherwise be subject to electrolysis, guys attached to
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metal poles or structures and not containing guy insulators
should be insulated from the metal pole or structure by
suitable blocking.

G. Anchor Rods. Anchor rods shall be installed so as to
be in line with the pull of the attached guy when under load,
except in rock or concrete, The anchor rod shall have an
ultimate strength in the eye and shank equal to that re-
quired of the guy.

H. Grounding. The anchored end of guys attached to
wood poles earrying circuits of more than 15,000 volts shall
be permanently grounded (see section 103 for method)
wherever this part of the guy has a clearance of less than
8 feet to ground.

Exception 1: This does not apply to guys in rural districts,

Exception 2: This does not apply if the guy contains an insulator
which will meet the requirements of Order 1283, A, 2 for the highest
voltage liable to be impressed on it.

Order 1283, Guy Insulators,

A. Properties of Guy Insulators, 1. Material
(a) Grades A and B. Guy insulators shall be made by the
wet-porcelain process or a process equally suitable as re-
gards electrical and mechanical properties.

(b) Grades C, D, E, and N. No requirements are made
for material. .

2. Electrical Strength. Guy insulators shall have a dry
flash-over voltage at least double the normal line voltage
and a wet flash-over voltage at least as high as the normal
line voltage between conductors,

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

B. Use of Guy Insulators. 1. One Insulator. An insu-
lator shall be located in each guy which is attached to a
pole or structure carrying any supply conductors of more
than 300 volts to ground and not more than 15,000 volts
between conductors, or in any guy which is exposed to such

voltages. This guy insulator shall be located from 8 to 10

feet above the ground.

Exception: A guy insulator is not required where the guy is
grounded under the conditions set forth in 4 following.

2. Two insulators. Where a guy attached to any polie
carrying communication or supply conductors or both, is
carried over or under overhead supply conductors of more

than 300 volts to ground and where hazard would otherwise
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exist, two or more guy insulators shall be placed so as to
include the exposed section of the guy between them as far
ag possible. Neither insulator shall be within 8 feet of
the ground.

Exception: These insulators are not required where the guy is
grounded under the conditions set forth in 4 following.

3. Relative Location of Insulators in Guys located One
Above the Other. Where guys in which it is necessary to
install insulators are so arranged that one crosses or is
above another, insulators shall be so placed that in case any
guy sags down upon another the insulaters will not become
ineffective.

4. Conditions not Requiring Guy Insulators. Insulators
are not required in guys under the following conditions:

(a) Where the guy is electrically connected to grounded
steel structures or to a ground connection on wood poles.

(b) Where the guys are uniformly permanently ground-
ed throughout any system of overhead lines.

Order 1284. Span-Wire Insulators.

A. Mechuwnical Strength. Span-wire insulators shall
have a mechanical strength at least equal to that required
of the span wire in which they are installed.

B. Use of Span-Wire Insulators. All span wires, includ-
ing bracket span wires, shall have a suitable strain insulat-
or (in addition to an insulated hanger if used) inserted be-
tween each point of support of the span wire and the lamp
or trolley contact conductor supported, except that single
insulation, as provided by an insulated hanger, may be per-
mitted when the span wire or bracket is supported on
wooden poles supporting only trolley, railway feeder, or
communication conductors used in the operation of the rail-

- way concerned. In case insulated hangers are not used,
_ the strain insulator shall be located so that in the event of a
_broken span wire the energized part of the span wire can
“not be reached from the ground.

- Exception: This rule does not apply to insulated feeder taps

- used as span wires,

- Order 1285. Conductors,

A. Identification, All conductors of electrical supply

.and communication lines should be arranged to occupy defi-

ite positions throughout, as far as practicable, or shall be
80 constructed, located, marked, or numbered as to facili-
t_ate identification by employees authorized to work there-
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on. This does not prohibit systematic transposition of
conductors. \

B. Branch Connections. 1. Accessibility. Connections
of branches to supply eircuits, service loops, and equipment
in overhead construction shall be readily accessible to au-
thorized employees. When possible, connections shall be
made at poles or other structures.

2. Clearance. Branch connections shall be supported
and placed so that swinging or sagging cannot bring them
in contact with other conductors, or interfere with the safe
use of pole steps, or reduce the climbing or lateral working
space.

Order 1286. Equipment on Poles.

A. Identification. All equipment of electrical supply and
communication lines should be arranged to occupy definite
positions throughout, as far as practicable, or shall be con-
strueted, located, marked, or numbered so as to facilitate
identification by employees suthorized to work thereon.

B. Loecation., Transformers, regulators, lightning ar-
resters, and switches when locafed below conductors or
other attachments shall be mounted outside of the climbing
space. This equipment shall be so placed that the con-
ductors entering the equipment will have the proper clear-
ance from ground.

C. Guarding. Current-carrying parts of switches, auto-
matic ecircuit-breakers, and lightning arresters shall be
suitably inclosed or guarded if all the following conditions

apply.

- 1. If of more than 300 volts to ground, and,
2, If located on the climbing side of the pole less than 20
inches from the pole center, and,
3. If located below the top cross arm.

D. Hand Clearance. All current-carrying parts of
awitches, fuses, lightning arresters, also transformer con-
nections and other connections which may require opera-
tion or adjustment while alive and are exposed at such
times, shall be arranged so that in their adjustment while
alive the hand need not be brought nearer to any other cur-
rent-carrying part at a different voltage than the clearances
from pole surfaces required in Table 9, Order 1235, A, 3,
(a), for eonductors of corresponding voltages. (See also
Orders 1422 A, B, and C.)
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E, Street-Lighting Equipment. 1. Clearance from Pole
Surface. All exposed metal parts of lamps and their sup-
ports (unless effectively insulated from the current-carry-
Ing parts) shall be maintained at the following distances
from the surface of wood poles:

(a) In general _____ . ________ .o ... 2
(b) If located on the side of the pole opposite the desig-
nated elimbing side .. ________________ ... ___

. Exception: This does not apply where lamps are located at pole
ops.

2. Clearance Above Ground. Street lamps shall be
mounted at not less than the following heights above
ground,

Feet

{a) Over walkways ____________ . oo _____ 10
{(b) Over roadways—

Connected to cireuits of 150 volts or less ________ 14

Connected to cireuits of more than 150 volts ______ i6

Note: Drops to street lights need have no greater clearance than
the street lights themselves.

' 3. Horizontal Clearances. Arc and incandescent lamps
in series circuits should have at least 3 feet horizontal clear-
ance from windows, porches, and other spaces accessible
to the general public.

4. Material of Suspension. The lowering rope or chain
for lighting units arranged to be lowered for examination
or maintenance shall be of a material and strength designed
to withstand climatic conditions and to sustain the lighting
unit safely. The lowering rope or chain, its supports, and
fastenings shall be examined periodically.

5. In.su]ators in Suspension Ropes. Effective insuylators
ag gpecified in Order 1283, A, should be inserted at least &
feet from the ground in metallic suspension ropes or chains
supporting lighting units of series cirenits.

6. Arc-Lamp Disconnectors. A suitable device shall be
provided by which each arc lighting unit on series circuits
of more than 300 volts to ground may be gafely and entirely
disconnected from the circuit before the lamp is handled

‘unless the lamps are always worked on from suitable insu-

lating stools, platforms, or tower wagons, or handled with

suitable insulating tools, and treated as under full voltage

f the circuit concerned.
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Order 1287. Protection For Exposed Communication
Lines.

A. Open Wire. Communication lines for public use and
fire-alarm lines shall be treated as follows if at any point
they are exposed to supply (including trolley) lines of
more than 400 volts to ground.

1. At stations for public use they shall be protected by
one of the methods specified in part 8, section 136.0.

9. Elsewhere they shall be isolated by elevation or other-
wise guarded so as to be inaccessible to the public.

B. Metal-Sheathed Cable. Metal-sheathed cables and
messengers shall be isolated or grounded in conformity
with the general requirements of section 121.

Order 1288. Communication Circuits Used Exclusively in
the Operation of Supply Lines. '

A. Choice of Method. Communication circuits used ex-
clusively in the operation of supply lines may be run either
as ordinary communication circuits or as supply circuits
under the conditions specified in Order 1288, C and D, re-
spectively. After selection of the type of communication-
circuit construction and protection for any section which
is isolated, or is separated by transformers, such construec-
tion and protection shall be consistently adhered to through-
out the extent of such isolated section of the communication
system.

B. Guarding. Communication circuits used in the op-
eration of supply lines shall be isolated by elevation or
otherwise guarded at all points so as to be inaccessible fo
the public.

C. Where Ordinory Communication Line Construction
May Be Used. Communication circuits used in the opera-
tion of supply lines may be run as ordinary communication
conductors under the following conditions:

1. Where such circuits are below supply conductors in
the operation of which they are used (including high volt-
age trolley feeders) at crossings, conflicts, or on commonly
used poles, provided:

(a) Such communication circuits occupy a pogition be-
low all other conductors or equipment at crossings, conflicts
or on commonly used poles.

(b) Such communication circuits and their connected
equipment are adequately guarded and are accessible only
to authorized persons.

(¢) The precautions of orders 1360.07 & 1360.08 and
Section 144 of Part 4 have been taken.
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2. Where such circuits are below supply conductors in
the operation of which they are used and are above other
sqpply or communication conductors at wire crossings, con-
ﬁ_lcts,. or on the same poles, provided the communication
01rcu1t§ are protected by fuseless lightning arresters, drain-
age coils, or other suitable devices to prevent the communi-
cation circuif voltage from normally exceeding 400 volts to
ground.,

‘Noi_:e: The grades of construction for communication conductors
with inverted levels apply.

D._ W%Le're .Supply Line Construetion Must Be Used. Com-
munication circuits used in the operation of supply lines
sha}l comply with all requirements for the supply lines with
Whlch they are used, where they do not comply with the
provigos of C, 1 above or the proviso of C, 2 above.

Exception i: Where the voltage of the supply conductors con-

cerned e.xceeds 7,500, the communication conductors need ornly meet
the requirements for a 7,600-volt supply circuit.

Exception 25 Where the suppiy conductors are required to meet
grade C, the size of the communieation conduetors may be the same
as for grade D (see Order 1262, I, 2) for spans up to 150 feet.

Order 1289, Eleetric Railway Construction.

A. Trolley Contact Conductor Supports. All overhead
troliey contact conductors shall be supported and arranged
s0 that the breaking of a single contact conductor fastening
will not allow the trolley-conductor, Iive span wire, or cur-
rent-carrying connection to come within 10 feet (measured

~ vertically) from the ground, or from any platform acces-

sible to the general public.

Span-wire insulation for trolley contact conductors ghall
comply with Order 1284,

B. High-Voltage Contact Conductors. Every trolley con-
tact conductor of more than 750 volts in urban districts
Wherfa not on fenced right of way shall be suspended so as
to minimize the liability of a break, and, as far as practi-
fzable, so that if broken at a single point, it cannot fall with-
in 12 feet (measured vertically) from the ground or any
platform accessible to the general public. )

C. Third Rails. Third rails shall be protected where not
on fenced rights of way by adequate guards composed of
wood or other suitable material.

D. Prevention of Loss of Contact at Railroad Crossinas.
Tro]_ley contact conductors shall be arranged as set forth
in either 1 or 2 following, at grade crossings with interur-

‘ban or other heavy-duty or high-speed railroad systems.

11
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1. The trolley contact conductor shall be provided with
live trolley guards of suitable construction, or,

9. The troley contact conductor shall be as far as prac-
ticable at the same height above its own track throughout
the crossing span and the next adjoining spans. Where a
uniform height above rail is not adhered to, the change
shall be made in a very gradual manner. Where the cross-
ing span exceeds 100 feet, catenary construction shall be

used.

Exception: This rule does not apply where the system is protected
by interlocking derails or by gates,

E. Guards Under Bridges. 1. Where Guarding is Re-
quired. Guarding is required where the trolley contact con-
ductor is so located that a trolley pole leaving the conductor
can make simultaneous contact between it and the bridge

structure.

2 Nature of Guarding. Guarding shall consist of a sub-
stantial inverted trough of nonconducting material located
above the contact conductor, or other suitable means of pre-
venting contact between the trolley pole and the bridge

structure.

SECTION 120, ORDERS FOR UNDERGROUND LINES

Order 1290. Location of Duet Systems and Manholes.

A. General Location. Underground systems of electrical
conductors should be located so as to be subject to the least
practicable disturbance. All railway tracks and all under-
ground structures, including catch basins, gas pipes, ete,
should be avoided where practicable. Conductors and ca-
bles carried underground under railways shall be placed in
suitable ducts.

B. Ducts. The ducts between adjacent manholes or
other outlets should be installed in straight lines. If curves
are necessary, they should be of the longest practicable
radiug, and the spacing between adjacent manholes should
be reduced proportionately.

C. Manholes. Manholes shall, where practicable, be lo-
cated so ag to provide convenient access and so that the

least horizontal distance from any track rail to the nearest

edge of the manhole opening will be not less than 3 feet.
At crossings under railroads, manholes, pull boxes, and ter-
minalg shall be located away from the roadbed {preferably

outside the fenced right of way).
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Order 1291. Construction of Duct Systems.

A. Material, Size, and Fini
, e, sh of Ducts. Duets ghall b
})f gu'ch materlgzl, size, meechanical strength, and finish as tg
acilitate the installation and maintenance of conductors

or cables. Duects shall be : X i
and shal have o hall © ; reed from burrs before laying

B. Grading of Ducts. Grade of d
4 . ucts shall be
g}ll':;lngt?wird manholes or handholes. A grade osfu;}(lnta?ﬂz(s)
in i N
practicablce_es in 100 feet of length shall be provided where

C. Alinement of Duets. Ducts shal i
vent inside shoulders at joints. shall be laid so as to pre-

D. Duect Joints. Joints in d
) . uct runs shall be made me-
chanically secure to maintain individual ducts in alinemen?c.

infE. Pgotection. .1. Settling. Ducts should be guitably re-

megﬁg;ic;]r Ié)e laid on suitable foundations of sufﬁ.cient

et strength where necessary to protect them from

2. Damage. Duects should b ;
re. i e protected by coneret

gther covering wher.e necessary to prevent bzing d;;:ggg

yFWOE?men when digging, or by other causes,
 Ulearances. 1. General. The clearances between d

. 2 : uct

Isystems and pther underground structures, particularly q;s

(;pis paralleling them, shall be as great as practicable. The

d }115 ance between the top covering of the duet system and

duectligr\;imen_t surfiwe, or other surface under which the

em i8 constructed, shall b i 3
uct systom Trom e e sufficient to protect the
2, Railroad Tracks. The distan

. g ce hetween the t [

the; ?uct system s_tructure and the base of the rail shgﬁ gg

not less than 30 inches in the case of street railways and

~not less than 42 inches in the case of steam and electric

railroads.

c]egigsgtiiosnlels:s t?herzzt}’le 1i)a]last section subject to working and
. an inches, the clearance may b d
street railways to not less than 1’8 i Fem e
" inches; and for steam and el i
rajlroads to nct less than 30 inch b 'S e than the
; tin no ¢ to less t
depth of ballast section mches, T the sdditoma dovty
. ! plus 6 inches, TIn lisu of the additional
fJf 6 1§1ches, 2 I1%-inch creosoted plank, or 3 inches of cloncie‘gepth-
iron pipe may be provided. oo
Note: The above clearance
; | E s are hased on a duct system, th id
?hfJ c:;);hlzhi r:]sp Tr;gcn To;eﬁ:):hand 3 creosoted wood ducts, 4 vii:,riﬁzdw::ktl;
s ate er ducts or 4 iron or mild i
) ¢ ild steel pipes, These
clearances do not apply to bridge-type structures designed to sustain

‘the weight of the roadbed and the operating load.
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When a wider duct system is contempiate‘d. additio;al ;tzsnsg‘;é;eﬁ
construction and protection should be provided, or the au
h.
ghould be placed at greater dept . .
Where unusually hard digging, as in rock, or wl-(ii (())Esstir;u(:lt&z?;
are encountered, a conduit run may be spread to a wlb Lo e
<o as to maintain the required clearance beneath the base

Exeeption 2: Where physical and chemical con;:hhonﬁ w;rsﬂl nr:)in:;{i:
a duct system econsisting of not more than two 11'031 g:lgzts, not o
ceading 3 inches in diameter, ur two creos'otevc.l W00 ! 'fc;r v e
ceeding 4% inches square, used for commun_lcatlopd11.11eihoe ol b
stpply lines not exceeding 750 volts, may be lai tmtiuon B ot
neath the tracks without any other form of pljsl) ec1 L
not less than 18 inches below the base of t}le rail un vi?hich A
ballast section of the roadbed exceeds 18 mchig, in
duct system shall be laid below the hallast sectlon.

feats et
G. Separation Between Supply and Qomm?,tmclﬁttgg;zaguto
Systems. 1. General., Duct gystems, Tclud:fng gubli(_: ,use
i ication conductors for °
be occupied by communicatio : . r Dol
¥ acticable, from duct sys s,
should be separated, where pr hact e
i i ly conductors by not leg
including laterals, for supp : ‘ : _ ’
inches of concrete, 4 inches of brick masonry, of 12 inche
of well-tamped earth. -
Exception: Extensions may, however, be_made Eo exgj;crlélgu ;:lde;l['];
connected or jointly owned and join‘tlyt.occume(; ;111111(; g szi S o pom
by munieipalities, communica ion com ,
;anfgs Iivit{ Jess effective separations than above specified.

9. Entering Manholes. Where communica_tioil‘ CO?EU;%(;

‘ " cupy ducts terminailng
ors and supply conductors oc In the

f duets should be sep
gsame manhole, the two classes o : ed
as widely as p,racticable and where practicable should entet
the manhole at opposite sides. b
i i i that cables can be

ion: This reguirement iz made so
racEk)ZI«)ila;llgfgnside walls with a minimum of crosses between the two
classes of conductors.

: Duct
. ct Entronces into Manholes. 1. Clea}"ances.

entHralﬁzs into manholes should, where prac@lcabl;,liljivli :SL
clearance above the floor or belgw the roof thne % . incheucs
than 6 inches, and from either side Wzlmll of a.u ea‘s ' 8.
2. Smooth Outlet. Iron pipe conduit termmatmgfm Hé'z;:
holés handholes, or other pe?maner}t openlfr%gst'o 181}15111616
grou;ld gysterns, shall be provided with an effective 1d,
bushing or other smooth outlet. _ .
1. Sealing Laterals. Latera} ducts for serlece Cognter
tions to buildings, through which gas or Wa113381 mézctively

buildings or other duct systems ghould be e
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plugged or cemented by the use of asphaltum, pitch, or
other suitable means,

J. Duet Arrangement for Dissipation of Heat. Duct sys-
tems intended to carry supply cables of large current capac-
ity should be arranged where practicable, o that ducts car-

rying such cables, will not dissipate their heat solely
through other ducts.

Order 1292. Construction of Manholes.

A, Minimum Strength. The design and construction of
manholes and handholes shall provide sufficient strength to
sustain, with a suitable margin of gafety, the loads which
may reasonably be imposed on them.

B. Dimensions. Manholes should meet the following re-
quirements where practicable:

1. Width. The least horizontal inside dimension should
be not less than 8 feet 6 inches.

2. Working Space. A clear working space should be pro-
vided. The horizontal dimension should be not less than 8
feet. The vertical dimension should be not less than § feet
except in manholes where the opening iz within 1 foot on
each side of the full size of the manhole.

Exception: The dimensions specified in 1 and 2 above are not
necessary in service boxes, handholes, or in manholes gerving a small

number of ducts, or in manholes uged exclusively for communication
system equipment and cables.

C. Drainage, Where drainage is into sewers, suitable
traps shall be provided to prevent entrance of sewer gas
into manholes,

D. Ventilotion. Adequate ventilation to open air shall
be provided for manholes from which any openings exist
into subways entered by the public.

Exception: Subways under water or in other locations where it
is impracticable to comply.

E. Manhole Openings. The opening to any manhole
should be not less than 24 inches minimum dimension.

Recommendation: Round openings are recommended.

F. Manhole Covers. Manholes and handholes, while not
being' worked in, shall be securely closed by covers of suf-
ficient strength to sustain such loads as reasonably may be
imposed upon them.

G. Supports for Cables. Supports shall be provided,

where necessary, for all cables at each manhole, handhole,
or other permanent opening.




—7—

166 ELECTRICAL CODE—ORDER 1292

Note: In handholes which reach the top line of ducts ogly;lorc’;l;
small manholes, the duct line itself may serve a8 gufficient supp

for the cables.

Order 1293. Manhole Location. _

rManhole openings shall, where practicable, be kzicited s(i
that barriers or other suitable guards can be placed 10 pro
tect the opening effectively when uncovered.

294. Location of Conductors.
Orgt.:rAlccessibility. (lables in manholes shall b_e reaso\x;faﬁ)éi
accessible from the clear working space at all tgn;es.t Vhen
cables pass by or cross over other cables, Suﬁlc;enb c eion
ance shall be provided between them to preveni a raiion
and to permit reasonable access to any cable for inspec
or repair.

B.pCleamnce from Manhole Floor. Each cable1 5{1&% lgi
maintained at a vertical clearai{ce batibove the manhole fio
of at least 6 inches, where practicable.

C. Conductors Carrying Large Currents. Conduc}iio;:
intended to carry large currents ghould ]ge located, W 1:3_1
practicable, in outside ducts so tl}at they will not necessarily
dissipate heat solely through adjacent ducts.  Dier

D. Separation Detween Conductors. 1. Cables o tédeh;
ent Voltages. Cables shall be arranged_ and supp}?r am
ducts and manholes so that those oper'atmg at hlgther‘ o
ages will be separated as far as practicable from tnose 0D
erating at lower voltages. . '

2. gables of Different Systems. Cal_)les_be}gngmg (;:0 drlr:li-_

ferent systems, particularly supgly d1str1]5)ut1on an C(fuct
munication systems, shall not be installed in the same
mg. Conductors of Supply and Communicatio_n Sgystems.
(a) General. Supply Conductors and communu_:athn 301_11;
ductors for public use ghould, in _general, 'be malntime ;
separate duct systems, and particularly in separate man-
holes. .

Exception: Cable extengions may be made to existing intercon-

nected or jointly owned and jointly oc_cupied duc’_c systemiv :rseélo ;E
common by municipalities, ecommunication companles or DO

panies.
duectors and com-
Tn the Same Manhole. Supply con ?
mu(r}fi)cation conductors for public use occupying the same
manhole should be maintained at opposite sides of the man-
hole.
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Where supply and communication cables must cross, a
separation of at least 1 foot shall be maintained.

Order 1295. Protection of Conductors in Duct Systems
and Manholes.
A. Protection Against Moisture. Cables shall be pro-
vided with a water-tight metal sheath or other waterproof
covering over thelr insulating coverings.

Exeception: This requirement does not apply to rubber-insulated
cables nor to cables used as ground connections or neutrals.

B. Protection Against Areing. A suitable fire-resisting
covering should be placed on the following cables to prevent
injury from arcing:

1. Closely grouped lead-sheathed supply cables of more
than 7,500 volts, or of large-current capacity operating at
motre than 750 volts a. c. or 300 volts d. e.

2, Communication cables and supply cables of large cur-
rent capacity if they are within the same manhole and with-
In arcing distance of each other.

3. Communication cables and supply cables which cross
cach other in the same manhole. In this case the protec-
tive covering above specified is mandatory.

C. Meechanical Protection. 1. Crossings of Supply and
Communication Cables. Special mechanical protection shall
be provided against abrasion where supply and communica-
tion conductors must cross in the same manhole.

2. Iron Pipe Conduit. Iron pipe conduit, terminating in
manholes, handholes, or other permanent openings of un-
derground systems, shall be provided with an effective
ghield, bushing, or other smooth outlet.

Order 1296. Guarding of Live Parts in Manholes,

A. Conductor Joints or Terminals. Joints or terminals
of conductors or cables of supply systems shall be arranged
g0 that there are no bare ungrounded current-carrying
metal parts exposed to accidental contact within manholes
or handholes.

B. Apparatus. 1. General. Live parts of protective,
control, or other apparatus of supply lines installed and
maintained in manholes or handholes shall be inclosed in
suitable grounded cases.

2. Continuity Between Cable Sheath and Apparatus

. Cases. The metal sheathing of all conductors or cables shall
. be made mechanically and electrically continucus with the

metal eases of protective, control, or other apparatus.
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Order 1297. Construction at Risers from Underground.

A. Separation Between Risers of Communication and
Supply Systems. The placing of risers for communication
systems and risers for supply systems on the same pole
ghould be avoided where practicable. If it is necesgary to
use the same pole for the risers of both systems, they shall
be placed on opposite semicireumferences of the pole where
practicable, :

B. Mechanical Protection of Conductors. All conductors
or cables from underground gystems which connect to over-
head systems shall be protected by a covering which gives
suitable mechanical protection up to a point 8 feet above
the ground.

Exception 1: Armored cables or cables installed in a grounded

metal conduit.
Exception 2: Communication eircuits on private fenced rights of

way.

C. Grounding of Riser Pipes. Exposed metal riser pipes
containing supply conductors shall be grounded unless such
conductors are covered with a erounded metal gheath or
are themselves grounded.

D. Conductor Terminal Construction. The terminals of
underground cables operating at more than 750 volts to
ground and connecting to overhead open-wire systems ghall
meet the following requirements:

1. Protection Against Moisture. Protection ghall be pro-
vided so that moisture will not enter the cable.

o Tnsulation of Conductors. Conductors shall be prop-
erly insulated from the grounded metal cheath. In addi-
tion, the conductors of multiple conductor cable ghall be
properly separated and insulated from each other.

Note: These requirements may be fulfilled by the use of potheads
ot other equivalent devices, such as oil switches, if ineidentally they
accomplish the same purpose.

B. Clearance Above Ground for Open Supply Wireng.
Supply wires connecting to underground gystems ghall not
be run open closer to the ground than is indicated by the

following table:
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TABLE 24

Cle
nranee Above Ground for Open Supply Wirlng

Voltage
0 to
750 760 to -
volts 15,000 Exceeding
volta Igjulta
Feet, )
F -
M Iest Ff;,b

Order 1298, Identification of Conductors.

Cables shall be !

. permanently identified by tag

;fllge(}?tt }?ach manhole, handhole, or other pyer rf;tlgas ort other-
e underground system. nent open-

Exeeption: i i
s callﬁe(:niil c’g‘fl:jl]smzigolﬁrer%inil _does not apply where the position
of 2 ¢ ; : : wi iagrams supplied g i
cient identification, or where the manhgllt)e ?s :ga‘;gém;ﬁ;lgwfs
y by

the communication cables of one utility.
Order 1299,
Multiple.

W
para?s;'enggalnsf%rmgrs, regulators, or other similar a
ocated in the same manhole operate in mulf?i:

ple, special tags, diagram :
used to indicate thatgfact,s’ or other suitable means shall be

Identification of Apparatus Connected in

Excep tlﬂn . 8 g € PP

Ihl requirement d()es not a Iy Whe]:e dISCOUHBCtlng
deVICeS are pIOV]ded to per mit Cuttnlg Such Equlplnent COIHP]EES]Y off
t]le Sysmn!-

FEBE
Appendices of Part 2

A . . . .
[:)Ii‘gn{;l;xGﬁ;i-el\:imﬁum Permissible Sags for Line Conduct-
, B, and C, and Corresponding Tensions

S .

anda§g° oé" I;Ine cc;onductors of different materials at 30, 60
Pesulting i:e ave been computed, such that when loaded: th ’
rosl ultimalézlga e?g-ttl?i conductor will equal 50 per ceni

or
foxr'11 ggladegg t(see Order 126%3[,'aI(fi‘eS;l‘)Al and B and 60 per cent
es 0 37 present values’of f:he i
: 84,

for various spans for hard-drawn a;dg geg}l}grfloﬁgg;zglr

T
__ able 88 for soft copper; Tables 39 to 44 for three grades of

steel ;

as staggggs - a nd 46 for copper-covered steel designated
stee - .

the corresponding stringing te;o;;g.ns [Rbles 49 to 62 give

_ductors. in the various con-
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. . o
The properties of the vario_us conduc.tors }nvglvggnarilxﬂé.
utation of sags and tensions are glven In p onductoi-
ceﬁnp sags and tensions are not a_pphcable.to Cbl etor
. ?:iiialsghaving properties which differ cons1derasu5éh o
i e Sags a :
Eflfﬁi iiula}j]seg;;pertiei of the material concerned.

TABLE 35
“Wire
Mediaom nnd Hard-Drawn Bare Solid Ceopper

HEAVY LOADING DISTRICT

The 7ags baing 3 that w! o} t 0°F. tho wires wi gased to B0 per ¢ent of their ultimate
4 14 4 t when toadad al . tha wires be str d 50 p
ol Lhe 13 L
atr(ength for grades A and B, and 060 per cent for gmda (e8]

Saps for

: .
i 4 Grade Tempera~ Sag (inches) for span lengibs (fe;et) o
S‘:ze 4 H} ture  \——-i——— e |

A NV'G' Construction 100 | 125 | ko | 173 | 200 | 250
0,

300 | 400 | 500

o
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TABLE 36
awn Bare Stranded Copper Wire

HEAYY LOADING DISTRICT

(The nags being such thut when loaded at 0 °F. the wires will be atressed to 50 per cent of their ultimate
atrength for grades A and B, and 60 per cent for g

rade .)

Size

171

Grade Tetupera- Sags {inches) for spanlengths (feat) of—
A W.G. of burg | —— -—
0. Constraction 100 | 125 % 150 | 200 250
°F,
30 2.9 5.4 110.4
Aand B 60 3.6 | 7.2 | 14.4
g0 5.0 [ 10.2 | 19.4
[ S 30 2.2 3.6 5.7
[ 60 2.6 4.2 7.2
80 3.1 5.4 9.4
30 Lo 451 7.2
AandB 60 3.4 57 0.4
90 4.3 7.8 | 13.0
A a0 2,2 3.3 5.0
Co . B0 24! 3.9 6.7
90 2.8 4851 7.5 .
30 2.6 4.5 6.8
Aand B 60 3.4 5.7 5.0
50 4.6 7.6 | 1.9
) 30 2.2 3.3 5.0
| 60 2.6 8.9 6.1
80 3.1 5.1 7.9
30 2.0} 4.2 6.5 | 12.5 [ 23.4 3.0
Aand B 60 8.1 5.4 7.9 15.8 | 20.4 2.2
9 4.3 6.9 1 10.8 | 21.1 | 37.2 2.3
| I 30 2.2 3.3 5.0 8.1 15.6 8.0
LS 60 2.4 | 3.9 6.8 | 11.0 | 19.8 | 47.0 634
96 2.9 4.8 6.8 | 13.4 | 28.4 | 50.4 137 | 206 48
30 2.6 | 4.2 6.5 | 12.5  21.6 | 54.0 140 | §o7 082
AandB 80 3.4 5.4 7.9 1 15.4 1 27.0 1 63.8{ 144 319 691
i} 4.3 7.2 1 16.4 | 20,2 | 33.6 | 73.1 14§ 331 598
11 I, 30 2.2 3.3 4.7 9.1 I15.0 | 36,1 96 | 232 | 535
LG 80 2.6 1 3.9 5.8 | 10.6 | 18.0 | 42.8 107 245 | 547
a0 3.1 4.8 7.2 118.0) 22,2 | 51.2 120 | 259 562
30 2.6 4.2 6.1 111.6 | 18.8 | 42.0 102 222 ] 3508
dandB 60 3.1 5.1 7.6 |13.9 | 22.8 | 50.4 14 | 244 523
00 4.3 6.9 9.7 118.2 1 28.8 | 58.8 126 | 267 | 535
0000_______, 20 2.2 3.3 4.7] 8.6 13.8 | 30.2 73 160 396
[ &0 2.6 2.9 57100/ 16.8 | 35.1 B4 176 | 413
90 3.1 1.8 6.8 12,5 | 21.0 | 43.7 96 188 432
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TABLE 37
Sags for Medium and Hard-Deaws T, B. W. P. Solid Copper Wire

HEAVY LOADING DISTRICT TABLE 38

{The sags being such that when loaded at 0 @ B, the wira: will be stressed to 50 par ceni of their uitimate Sags for T. B, w. .

Solid Soft .
strengbh for grades A and B, and 60 pez vent for grade G.) Copper Wir s

HEAVY LOADING DISTRICT

(The angs being such tha

: 1 ; _ & when loadad o 4t N .
Size Grade of | Tempera~ Haps (inches) for span lengths (feet) of strength for grades A . A el at 0°F, the wires wii
AW.G. Con;tru[?hion ture grades A and B and 80 Der cenk for prade () will be atressed to 50 ver cent of their ulfimate
No. 100 125 150 175 | 200 250 | 300
T °F, Size‘ Grade of !
AW.G Construstion Temperaiure !
30 0.2 | 20.7 _ Mo ]
B Coerenns 60 13.3 | 3L —_— 100
a0 17.2 | 85.1 - —
6. 30 20.1
20 87 | 2.0 | 81 | oo B C._. J .
------- b0 31.4
AandB 60 12.2 26.6 .
iy 18.8 | 30.8 —_—— % 33.6
Brmmmemeee 4.1 9. ————
O 00 5.4 | 127 AmdB_____ a 22.8 i
90 7.2 | 18.8 s b gg.g
30 4.4 | 0.5 T e b4 14.5
AandB___.| 00 6.1 | 12.4 _ by 81
90 82 | 18.6 ——— % 78
R, 30 2.9 5.3 P —
Crmeee 60 3.7 6.5 AandB______ &0 f%f 2
] o 4.8 8.4 2 o 20 19:7
30 3.8 | 6.6 | 1.3 | 13.7 | 8.3 | 5.5 | 00.0 Co 2 7.2 ,
AandB. 60 5.0 8.7 14.8 23.1 34,1 69.4 07.3 _ 00 16.1 5
90 65 | 115 | 184 | 28.8 | 40.1 | 68.4 | 104 — | " 14.¢
T 30 3.0 | 4.5 7.4 | 1.3 | 16.3 | 3.3 | 60.2 w T :
Crmreemm 60 3.5 5.7 g0 | 143 | 201 | 3906 | 6.4 AandB______ a0 u.5 i
80 4.3 71 | 116 ] 172 | 26.0 | 46.2 | 7.8 . o %38 |
20 3.6 | 6.1 | o7 | 155 | 2.6 | 441 | 7.4 TN G & 6.0 \
AwdB..__| 60 4.6 7.8 | 126 | 19.7 | 33.1 | 52.2 | 818 _ 90 8.0 i
50 6.2 | 10.8 | 16.7 | 24.6 | 341 | 58.2 | 88.2 — e i
(TR 30 28 | 4.6 | 68 | 10t | 13.9 | 27.3 | 46.1 ” — i
(s 80 3.2 5.5 8.5 | 12.3 | 177 | 236 | 65.1 AandB____ . P 7.8 [
90 4.9 6.9 | 10.6 | 157 | 21.8 | 40.2 | 62.3 2 a0 iég J"
T 30 2.7 | 66 | 94 | 141 | 2.6 | 384 | 626 e 30 5.4
AmdB._..{ 60 4.8 7.8 | 12.1 [ 17.8 | 25.4 | 45.0 | 70.6 . 20 7.4
a0 Be | 108 | i5.6 | 229 | 312 | 528 | vs.2 —_— Y | 108
R 20 2.8 4.8 5.8 | 9.9 | 13.7 | 24.6 | 41.0 o
Coreee s 80 3.5 5.5 8.1 | 122 { 16.8 | 30.3 | 48.6 andB______ i 6.3 |
20 4.4 6.7 | 0.1 | 14.9 | 20.9 | 85.7 | 55.8 " 90 Igg I
T 30 56 | 60 | 9.0 | 132 | 188 | 8.6 | st0 oo T lo & i3
AwmdB.__.| 6 48 7.8 | 1.5 | 16.8 | 23.0 | 38.9 | 6L.0 00 6.6
0 6.1 | 10.6 | 15.1 [ 214 | 285 | 46.8 | 70.9 - | " | 85 !
R 20 2.6 | 4.8 | 7.0 0.7 | 13.2 | 228 | #6.0 30 T o
¢ SO B 3.2 5.5 | 83 | 11.8 | 181 | 2.6 | 43.6 AmndB______ i gg . . )
- 90 1.2 6.0 | 10.4 | 145 | 30.1 | 33.6 | 50.8 00w a0 52 : g : :
30 3.7 6.0 9.0 | 12.6 § 17.5 | 288 | 450 e a 4.4 ) ; : -
AsndB...| 60 e8 | o7 | 115 | te2 | 201 | 348 | 523 2 5.9 : . X : )
90 6.6 | 10.5 | 15.1 | 204 | 20,1 | 42.0 | 6L 8.5 . : : . .
;. T 30 2.0 | 46 | 68 | 9.7 | 127 | 204 | 32.4 \
'- Crmemmmmn 60 3.8 | 5.7 8.5 | 1.8 | 15.8 | 25.5 | 388 .
i 4.6 | T4 ] 104 | 4.5 | 9.7 | 309 | 45.7
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TABLE 3%
sags for Ordinary Grade Steel Wire
HEAVY LOADING DISTRICT ]
i i t 0°F. the wire will be stressed to
E oF. withous load, the sags being such that when loaded at
50(3151*31:%11?;00??1%&!}11']1&9;3 :grength for érades A and B and to 60 per esut for grade C.)

Steal Grade of | Tempera- Bags (in inches) for apan lengths Glf_fﬂ of— -
Wi e Coustrustion)  tuwre | =oeel = M | 00 | us0 | s00 | 400 | 600
Neo. o | 12| 160 178
4.1
6.2
11.1
4.7 . .
7.4 - .
11.0 . . S -
2.5 . i. . .
3.0 B . .
5.3 . . . 0|75
——— 6 . . . . . .
Amd B 90 7.4 . . B . .
L - a0 2.2 . . . .
"""""" Covennanna| 80 28 | 5. . .
a0 4,0 . . R
oo e 43—
TABLIE 490

Sags for siemens-Martin Steel Wire
HEAVY LOADING DISTRICT )
i i ded at 0°F. the wire will be stressed to
3 P, without load, the sags being such that when loa
50(1;\clri%ugoufu Eﬁi&?&te s‘t‘:rength for g’rades 4 and B, and to 60 per cént for grade C.)

e e ————— e

Saps (in inches) for apan lengtha (in feet) of—

i 1 Tewmperas -
Séﬂc‘&f C(ﬁlrsﬁ‘i:cgion et\ll:'e. ap0 | 250 | 300 | 400 | 500 | 600 700 1,0(-]_0.

0|17 {251 |37
i gg.o 152 | 956 | 884
261 | 389

e
o o
o
-
=
o
—
o
L0

10 1 = S0 2
DD

=D R i ]
o
GF‘ ..
=
=1
=
-
jact
]
e
&
[=:}

TABLE 41 .
sags for High-Tension Steel Wire
HEAVY LOADING DISTRICT

i i hen loaded at 07
d 90°T, without load, the sags being such that %!
50%&%’;@%? Eltimate sirength for g‘mdes A and B, and to 60 per cent for grade C.

. the wire will be atressed to

e -
Sags (in 'mches)[for span lengths (in feet) of—
%ﬁe‘ﬁﬁga cgﬁfﬁu%fon Tmﬁf;:m- 200 | 250 | 200 | 400 | soo | eoo | 70O | 1,000
- M) M L
) o! g7 |250|66.01130 |218 {5605
a ig gg 1102 30.0 | 75.0 | 143 | 21 | 602
Brrmmmeeeme Crmoronmme 90 13| 7.5 | 125 [34.5 | 87.0 | 154 ;244 | 6
41| 7.2 105 |29.5 | 710|185 | 215 |587
dB % 47| s2l135|34b | 820|147 | 225 ség
AnadB-o- oo 90 5.2 0.3 |16.0 | 42.0 gig 1gg ?:370 394
30 3.4 | 6.2 7.0 |18.5 34 o
dummemraeee . . a.gl1e.0 3061 79 | 140 | 4
Onrrmmmees gg '2'1 "Eg 9.7 | 2105 | 45.5 | 86 | 154 | 419

ELECTRICAL CODE—APPENDIX A 175

TABLF 42 L.

Sugs for Ordinary Grade Stecel Cable

HEAYY LOADING DISTRICT

(At 30, B0 and 20°F. withaut lead, the sags boin h i
30, ! R iz such that when loaded at 0°F, the e
50 per cent of ultimnte strength for grades A and B, and to 60 per eent for gdrade ) e enble will by stressed to

Cable Grade of - Sags (in i 4 in f;
rliameter corade of T:ﬂ:rjéerﬂ - _i;f;fxﬂim_cbes) for span ]?ngths (in feet} of—
 (inches) 100 | 126 150 | 175 | 200 | 250 | s00 | 400 | s00
OF' T T T
30 3.8 | 8.9119.0(32,5|48.086.0 |131 |25
AsndB____| 60 B4 11205 (2800 | 3605 | 520 | 00 las  leas 383
y 90 7.8 1 18,0 | 27.0 1 40.5 | 56.0 | 93.0 138 |57 | 413
- SR 30 2.3 | 4.5| 8.5 16.0|28.0 1680 | 07.0 |1s5 | 323
C e 60 2.0 | 5.9 1 1L4 [ 20.5 | 83,0 | m3io |2 leoo | 22g
80 8.8 | 7.8 1150250380680 108 [205 |33
29 26| 48| 7.0113.0 | 205 | 43.0 | 12.0 147 -
AandB.__.| 0 3.6 | 6.3 [10.8 | 17.0 | 26.5 | 48.5 | 78.0 |(51 gﬁ
y 90 £7 | 8.4 1140 | 21,0 | 31,0 | 54.0 | 83,0 |157 | a2
emmmeemn o 30 191 3.3 [ 5.2 7.8 |11.5 [ 24.0 | 44.0 105 | 185
v 6 2.3 ) 43| 6.3 0.9 |148 | 200 |at0 112 | o)
o 50 2.9 5.2 | 8.1 |12.518.0 350580118 | 189
30 24 420 6.7 10.1 | 14,5 | 20.0 | 49.
AamdB.__| &0 3.1 BA| 8.6 1301185 | 35.0 52.3 i(ﬁ 1%
y a0 43| 7.0 {12 (165 | 23.0 | 405 | 63.0 h21 | 147
o] 30 19| 31l a7 67| w6175 | 3000 | 730 | 34
_________ 60 2.3 3.7 56| 82 |11.8 | 21,5 |36.0 | 310 192
________ 90 2.8 4.6 | 7.0 10.3 | 14.5 | 26,5 | 420 | 590 | 151
30 2.3 | .07 5.8 8.4 115|091, . :
AandB_ . 60 2.9 | 5.0 7.4 (10,7 | 1405 25..2 332 ggg }gé
” 40 3.84 0.3 | 0.7113.518.5|31.0 | 47.5 | 91,0 | 148
__________ o 30 L8 30| 431 63| 846{14.5 225|500/ o3
__________ 50 2.2 35| &2 7.4 03010170090 570 | 1o
o 90 20| 44| 6.5 | 5.0|12.0 310|325 | 666|112
30 231 371 56| 80110 19.0 )3 G
AsndB..__| 60 2.0 | 4.8 70101135235 3(:"312 -?33 1
o 90 8.8 | 6.1 ] 6.2 |18.0 117.5{28.5 | 43.0 | 830 | 135
L o 20 1.9 8,04 43| 61| 8.3 12.5121.0440 8
__________ a0 2.2 &5 52 7.1 | 9.8|160 250|500 m
. 96 2.5 42| 63| 8.8 1200|1905 | 300 | 850 | 100
30 2.3 | 8.8 | 54| 7.6 1103170 26.5 | £
AandB____| 0 28| 471 6.7 | 051325 21,0 | 31.5 338 104
y 90 8.7 | 6.0 8.6 |12.0 | 16.0 | 26,0 | 37.5 | 70.¢ | 113
T . 30 10| 3.0} &3 50| 7.7 1205|1905 | 28,5 | ea
__________ 80 221 8.5 50| 6.0 9.4|15.0 (9230|445 75
T 60 2.6 | 4.2 | 6.1] S.4 | 10,0185 | 275 {51.0 | 85
30 2.2 1 3.64 5.4 | 7.6 16.1 | 16.0 | 25.0 | 49
AwmdB.__.| &0 2.8 | 481 6.5| 9.3 | 12,0 200 29.2 45;“:3 gi
y 90 3.7 5.8 8.8|11.8 | 15.5 | 24.5 | 35.5 | 65.0 | 103
T . 30 Lo | 20| 4310 59| 7.71125 185355 6
S B 231 34| 40| 8.7 01|45 220|455 &9
a0 28| 4.2 B3| 84| 110|175 260 | 480 | 78
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TARLE 43

Sags for Sicmens-Martin Steel Cable

HEAVY LOADING DISTRICT
0°F. without load, the sags beiug such that when Ioaded at 0°F, the cabla wiil be stressed to

50 per cent of ultimate strength for grades A and B, and o 60 per cent for grade C.)

Cable diameter Grade of Tempera-~ Sags (in inches) for apan lengths (in feet) of—
i tion ture
(inches) Constructi op0 | 250 | 300 | 400 | 500 | 600 | 700 (1,000
°F.
30 10.3 | 20.5 | 39.5 | 96.0 {166.0 | 270 | 381 792
Aand B ____ 60 12.5 | 25.0 | 46,0 [103.0 7176 0 | 230 [ 889 799
a0 16.0 | 31.0 | 53.0 [116.0 |188.0 | 287 | A48 806
M mimm e s a0 7.0 | 12,5 | 22.0 | 7.0 |119.0 197 289 664
o Crmoeeeme 80 2.5 | 15.5 | 26.0 | 86.0 |127.0 | 205 | 297 | 672
a0 0.6 | 18.5 | 31.5 | 74.0 |137.0 | 213 308 s201]
30 8.9 | 15.5 | 26.5 | 64.0 125.0 | 188 | 283 | 640
AandBo__. 60 106390320720 1310208 | 285 649
90 12.5 | 235 | 8.0 | 80.0 7140.0 | 216 | 802 857
[ . 30 6.5 1 10.8 | 17.5 | 80.5 | 77.0 | 137 | 208 404
[, G0 7.5 112,58 | 20.0 | 45.5 | 87.0 1 144 218 } 509
a0 2.6 | 14.5 | 24,0 | 52.0 | 96.0 | 165 | 220 520
30 7.9 113.0 | 21.0 | 45.0 | 84.0 | 140 | 203 479
AandBo___. 60 0.4 | 15.5 | 24,5 | 51.0 | 93.0 ] 150 | 214 487
90 11.3 | 10,0 | 98.5 | 59,0 [103.0 | 158 | 224 | 406
i mmama——— 30 6.0 0.0 | 15.0 | 30.0 ] 56.0 | ©3 144 | 358
[ S 60 6.0 | 11.4 | 17.5 | 35.0 | 63.0 j 104 154 | 870
90 7.0 | 13,0 { 20.0 | 40.5 | 71.0 | 11b 167 383
30 7.4 |12.5 ] 20.0 | 41.0 | 73.0 | 121 179 | 414
Aand B 60 0.1]15.5 | 23.5|47.0 | 83.0 | 131 190 420
90 11.0 | 18.0 | 27.5 | 5.0 | 92.0 | 142 | 201 | 438
B T an 6.2 | 9.9 1156.0|20.0}350.0 82 | 123 212
[ - EPR 60 70! 11.3 | 17.0 | 33.0 { 7.0 | 92 ;136 | 328
90 7.4 1 12.6 | 19,0 | 37.5 | 656.0 | 102 148 | 840
30 7.4 i 1%.0 | 18.0 | 35.0 | 61.0 08 | 145 | 337
AandB_ .. 60 0.0 | 14.0 | 21.0 | 41.0 | 89.0 | 10% | 158 350
80 10.6 | 17.0 | 25.0 | 47.5 | 79.0 | 119 170 | 364
30 6.0 | 0.5 14.0 | 25.5 | 44.0 | B9 103 | 253
g0 6.8 | 10.9 | 18.0 1 30.0 [ 61.0 | 78 | 113 269
90 7.7 | 12.5 | 18.0 | 34.0 | &7.0 87 | 125 285
30 7.2 111.8 | 17.5 | 33.5 | 57.0 | 88 130 | 301
Aand Bo___. 60 8.7 | 14.0 | 20.5 | 39.5 | 64,0 | 08 | 140 | 315
90 10.3 | 16.0 | 24.0 | 45.0 ; 73.0 | 109 153 | 330
L S, 30 58| 9.413.5|25.5|42.0 | 64 03 227
[& 60 6.6 | 10.8 | 15.5 | 20.0 | 47.5 71 104 241
90 7.4 | 12.0 | 17.5 | 82.5 | 63.0 81 115 | 260

(At 30, 60 and
50 per cent of ulti
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TABLE 44
Sagzs tor High-Tension Steel Cable
HEAVY LOADING DISTRICT

80°F. without load, the sage being auch that when loaded at 0°F, the cab!

mate strength for grades A and B, and to 60 per gent for grade C.) o wil bestressed to

Cable diemeter Grade of T in i
le diem camade of | ezt!:ggra- _S.a_gi (1_11 \T.Tes} for epan lengths (in feet) of—
L 20| 20| s00 | 400 [ 500 | soo | 700 [ro00
QF‘ N I B ‘_-’M—
30 3] 691
. .0 | 16.4 | 22.0
) andB..____ 38 gg gg 1121!5 240 3;2 ggg }i; 33:15
o . . 201 27.6 | 540 | g7,
o i B0 4872150 | a5 ggg 1%10 ;;S
6o a4l 247 7.5\ 16.5 13000 | 5000 | B2le | 270
o | BBl &0 88|15 | 8355000 | n0.g | ay
30 IRy 1.0 [ 885 1 56.0 (800 o
AandBo__ . 9.4 119.0 [ 38.5
a - Sg ég g? 10.8 | 21.0 | 37.0 53.'8 ggg ggé
o i -0 811201240 1420 | #0.0 11000 | 303
o 0 SR B4 T s 95T a0 srg | e
& S| BTt 83 165 ) 250 4