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BEFORE THE

RATLROAD 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-
tenance of Lines and Equipment Owned, Managed, Operated, or
Controlled by Every Public Utility and Every Railroad Along or
Across any Public Highway or Private Right of Way over which
Electrical Energy iz Transmitted, or Messages are Transmitted
or Conveyed.

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

WHEREAS, All railroads and public utilities under the
jurisdiction of this Commission and subject to the require-
ments of Chapters 195 and 196 of the Statutes have had
proper and reasonable notice of the hearing held in connec-
tion with the aforesaid investigation, and

WHEREAS, As a result of such hearing and investigation
certain changes in, and additions to, the Wisconsin State
Electrical Code have been adopted and promulgated by the
Industrial Commigsion of Wisconsin as their General Or-
ders Nos. 1000 to 1699, inclusive, effective November 21,
1930.

IT 18 THEREFORE ORDERED, That all railroads and public
utilities subject to the jurisdiction of this Commission and
subject to the requirements of Section 179Tm—1020 be, and
they are hereby, required to observe and conform to the
standards of construction, maintenance, and rules of op-
eration as established by the Wisconsin State Electrical
Code adopted by the Industrial Commission, copy of which
is hereto attached.

IT 1s FURTHER ORDERED, That all railroads and public
utilities subject to the jurisdiction of this Commission, be,
?,nd are hereby, required to submit to this Commission full
information regarding the construction and location (with

DEMOCRAT PRINTING COMPANY
MADISON, WISCONSIH




4 INDUSTRIAL COMMISSION OF WISCONSIN

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 is 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
September 12, 1924, )

Dated at Madison, Wisconsin, this 21st day of November,
1930.

RAILROAD COMMISSION OF WISCONSIN,

ApoLPH KANNEBERG, Chairman,
A. R. McDoONALD,
P. H. PORTER,
Commissioners.

NoTe—To facilitate the filing of the above information, sample
forms will be furnished by the Commission upon applieation. The
utility or railroad is to send duplicate forms of the same type to the
Railroad Commission for approval. If the construction is satisfac-
tory, one of the forms, together with the Commission approval, will
be returned.

e ——
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WISCONSIN STATE ELECTRICAL CODE

ERRATA
(January 1, 1931)

The last paragraph of Order 1261A4 (c) page 110 states
that as soon as the American Engineering Standards Com-
mittee adopted new ultimate stresses for wood poles the new
values should be applied. The Committee adopted new
values in December, 1930 which changes Table 19, page 109
and Table 20, page 111 to the following:

Substitute the following for Table 19 page 109

TABLE 19
Ultimate Fiber Stresses of Wood Poles

Ultimate Fiber

Kind of Wood Stress
1bs. per sq. in.

Southern yellow pine (ereosoted) - _ ___ ________ . ____ 7,400
(CANaiR . el o T e T e O e 6,000
‘Western cedar (Western red cedar) ____ e+ 5,600
T mok N e ST L T R L e 5,000
Bastern cedar (Northern white cedar) .. __________________________..._ 3,600
PP EEOEITL o o e e e NN S S i 3,600

Tables 47 (see p. 163), 48 (see p. 164), 61 (see p. 173),
and 62 (see p. 174), were supplied by the Aluminum Com-
pany of America. The Aluminum Company’ claims that the
values are based on tests of ultimate strengths of cables.
The values of breaking load in Table 71 (page 180) are ap-
proximately 90% of the values used by the Aluminum Com-
pany.

Add the following to Order 1332.03j on page 329,

Wwithout written approval of the Industrial Commission.
(See Order 2062 of the Industrial Commission’s General
Orders on Spray Coating.)
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WISCONSIN STATE ELECTRICAL CODE

INTRODUCTION

By Sections 101.1 to 101.31 inclusive, it is the duty of the
Industrial Commission to fix standards of safety in all
places of employment and to formulate rules and regula-
tions relative to the enforcement of such standards. It is
further the duty of the Industrial Commission to fix simi-
lar standards and formulate rules and regulations relating
to fire hazards or to the prevention of fires in buildings so
situated ag to endanger other buildings or property. In
performance of the first duty the Industrial Commission
issued an Electrical Safety Code July 1, 1917, and in per-
formance of the second duty has regulated interior wiring
by means of General Orders 5225 and 6037.

Between 1917 and the present date, the 1917 code orders
were revised and changed a number of times. The last code
was issued January 1, 1925. A supplement to this code was
issued August 12, 1927,

In 1929 it became apparent that revisions in the electrical
code were necessary. The following committee represent-
ing the organizations noted, together with the advisers giv-
en below, met with representatives of the Industrial and
Railroad Commission at various times during 1929 and
1930.

ADVISORY COMMITTEE

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

John E. Wise, Madison, Secretary of Committee, Industrial Com-
mission of Wisconsin

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

A. J. Goedjen, Green Bay, Wisconsin Utilities Association

Frank R. Daniel, Milwaukee, Wisconsin Tnspection Bureau

. H. Runkel, Madison, Commonwealth Telephone Company

George Crowell, Milwaukee, Wisconsin Telephone Company

T. E. Barnum, Milwaukee, Electrical Utilization Equipment Manu-
facturers o

L. A, Wood, Chieago, C. B. and Q. Railroad

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

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




INDUSTRIAL COMMISSION OF WISCONSIN

A. C. Froderman, Milwaukee, Electrical Contractors and Dealers
Association of Milwaukee
Joseph Koetting, Wisconsin Federation of Labor
George E. Cooper, West Allis, Wisconsin Manufacturers Association
G. O. Andrae, Milwaukee, Contractor, State Association of Elee-
trical Contractors and Dealers R TR
R. F. Purucker, Madison, Wisconsin Railroad Commission.

The persons consulfed as technical advisers were as fol-
lows: .

V. H. Tousley, Chicago; Eleéctric. Field Engineer, National Fire
Protection Association R I TAT Re

G. G. Post, Milwaukee, Vice President, T. M. E. R. & L. Co.

€. T. Reisz, Chicago, Western Union Telegraph Company

H. R. Huntley, Milwaukee, Transmission Engineer, Wisconsin Tele-
phone Company o P T
C. R. Brown, Madison, Engineer, Comimonwealth Telephone Com-
pany _ _ A S S R L _
" W. E. Gundiach, Milwaukee, Engineer, T: M. E. R. & L. Co.
" E. . Kallevang, Madison, Engineer, Wisconsin Power and Light Co.
E. H;: Herzberg, Milwaukee, Manager, Milwaukee Branch of the
Electrical’ Contractors’and Dealers Association Ces

M. T Bennett, Wisconsin Railroad: Commission -

" The final formal hearing was held at Madison on June 18,
1930 at which time the committee made a report to the two
comnissions. © After “fully considering the committee’s
recommendations, the attached code was issued. The of-

ficial publication of this action of the Industrial Commis-
sion took place in the official state paper on . October 22, 1930

November 21, 1930,

ve ag of the same date. .-

came effecti

. LOCAL ELECTRICAL REGﬁLA‘i_‘?ION:é_. :

.

trary to such orders.

vided the same do not abridge or conflict with this code o

of cities already require interior wiring to be done in ¢o

and where such is the case the local regulatio_n 'i_mi_s_t'__be'

and hence bocame effective thirty: days’ later; namely,
The Railroad Commission’s order be-

" Qection 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 nio local officer shall make or enforce any otder com-..

However, nothing in this Electrical Code sh_a;ll: be under—
«tood to limit the power of any village or city to enact and
enforee additional or more stringent local regulations, pro-

any other orders of the Industrial Commission; A number

duit for a larger variety of buildings than this: code does,

WISCONSIN STATE ELECTRICAL CODE 7

In other words, the State HElectrical Code sets forth the

: minimum construction requirements for the entire state,
i I_out where local regulations are more stringent, in whole or
in part, the additional local requirements must also be met.
Less stringent local regulations are held fo be amended
or modified by similar orders of the Industrial Commission.

STATUTES AFFECTING INTERIOR WIRING, TRANSMISSION
LINES, ETC,

The 1929 legislature passed a law known ag Chapter 470
of the Laws of 1929 relating to electric wiring. The act is
as follows: ~~

AN ACT

" To creat_e section 167.16 of the statutes, ‘relating to electric
. wiring and providing a penalty

ople of the State of Wisconsin, represented in sen-
ssembly, do enact as follows:
A new section is added to the statutes to
: : It is hereby made the duty of every con-
ther person who does any electric wiring in
ply with the Wisconsin state electrical code,
ny iishing the électric current shall ob-
uch compliance before furnishing such serv-
that nothing. therein contained shall be con-
prohibiting any municipality from making more
1gent lations’ than those contained in the above
ientioned code. - Proof of such compliance shall consist of
certificate furnished by a municipal or other recognized
tion-department or officer, or if there is no such in-
on department or officer it shall consist of an affidavit
y. the confractor or other person doing the wir-
icating that there has been such compliance.
ny: person who shall violate the provisions of this
1 bé deemed guilty of a misdemeanor and shall
by a fine of not less than twenty-five dollars
an ‘one hundred dollars, or by imprisonment in
-Jjail not less than thirty days nor more than six

t ¥
The follow g forms of affidavit, one form for the con-
one _for the electrical inspector, are suggested.
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SUGGESTED FORM OF AFFIDAVIT TO BE USED BY
ELECTRICAL INSPECTOR

STATE OF WISCONSIN _
T COUNTY 88

R ' do hereby certify

1
that I am the duly appointed, qualified and acting electrica
inspector of said Clty that T have ingpected the following

described electric ermg 1nsta11ed DY, wmm e
~'oni the premises occupled by

T and located at No. oo
R ‘Street, in said City, and that said wiring
complies with the Wisconsin State Electrical Code.

Description of wiring 1nspected s

Electrlcal Inspector.
SUGGESTED FORM OF AFFIDAVIT TO BE USED BY
L ELECTRICAL CONTRACTOR S

STATE OF WISCONSIN
COUNTY OF

SS— .

says that he is the person ‘who* Loiisis :.,_ tilg follewmg
desembed Work of Wmng for electr1c1ty in the

County of _;___."___7 '-: Wlsconsm;

said. descrlbed electric.

470 of the Laws of Wisconsin for 1929
Deserlptlon of ermg done i

Subscrlbed. and ‘sworn to before me,
thls e day of f oo 19___

u. ok Qpecifyrre
* ce left for the word “dld” or “super\nsed
dencsepai:arn or other building in which wiring was done. *** Ilixl ;‘rli
lages "and cities insert street and number and name of city or ;?nto ﬁn
‘In unincorporated territory insert section number and name o

and ‘that all’ of -
w1r1ng ‘at the 1003“310}111 %lerove was
done go ag to comply; and does comply, with the 1sconsm.._ .
‘State: Electrical. Code; ‘and: that this affidavit: is made pur-
suant to and in compliance with the prowswns of Chapter_.

WISCONSIN STATE ELECTRICAL CODE 9

Some of the other laws that have a bearing on electrie
construction and safety are as follows:

Section or Chapter

Lows of 1929 Subject Matter
Chapter 101 ______ ... _____ Creation and duties of Industrial Comm.
Chapter 102 ... ________ Workmen’s compensation act
Chapter 195 and 196_______ Creation and duties of Railroad Comm.
Section 86.16_____________. Poles on highways
Section 180.17_____ . ____. Tocation of wires
Section 180.18____ _________. Poles and wires at’ Rallroad Crossings.
Section 196,67 ___________._. Transmission lines and warning signs
Section 196.74_____________. Safety and Interference
Section 348.48..__.____._._Injury to property
Sectmn 348 38 ______________ Injury to wires

OTHER INDUSTRIAL COMMISSION PUBLICATIONS

The following publications will be furnlshed on request

by the Industrial Commission:

Building Code (Issued and sold by Bureau of Purchases)
. Elevator Code

School Lighting Code

: Refrlgerator Code .. ¢

‘Heating and. Ventllatmg Cede

Gerieral Orders on Ex1st1ng Buﬂd}ngs
General Orders on Safety in Construction
neral Orders on Fire Prevention.

on Sanitation -~

on Safety

3 on Spray Coating

' Q,uarrles and Pits

¥ 'Tunne Calssrm and Trench Construction

Railroad Commlssmn will inspect the properties of
which' in the rain are covered by Parts 1,
ndustrial. Commission and local inspection
ill enforce Parts 3 b and 6.
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INTRODUCTORY PART

RE FINITIONS,
RAL REQUIREMENTS, DE
GBNE GROUNDING METHODS

1000. Scope of Code. oo ]
Or'?[l%s code shall apply as minimum fire tsjmd (f?i;el’;ydgi
uirements for the construection z%nd 1nstlalla ion A pharnd
% ical communication, signal, radio and 11g'_htnmg r | eaup
r:llts(;f:c: and the operation’ of electrical equipment and lines.

SECTION 101. GENERAL REQUIREMEN'.I.‘S._.
o, S nd
Order 1010.. Character of Construction, Ma}gt_gngg_ce a;
All lélectrical"équipment and 111_5_16__3; __shgl_lrféincé ifil:é con
struction, and so installed, operated an
minimize the life and fire hazard. N
L 0 ,
Note: In all electrical work'cqgfllgsto;‘fs,;;c;\;lg;z f‘:gin' Z%i st
: . d that: the possibility, of age from con ’
ihoﬁg&?litii'liita{}éiween'éo'n'(iuctot" ‘and grou_.n_d Wﬂ} ‘pe a mlmmum
0 L . . Lian . .

Order 1011, Use o tertals
Methods. D nEE
(A) Muaterials. No materials;, employ
g?;ii% bg the Industrial Commission. or. Ra}}:qad._ C s
. Exéepﬁon: Materials which cq'rnply_: w1th the re. . .
approved. 1L T
C'Q(ll\‘;: f:_re h;tri)il g)el?tl‘ie poﬁcy of the adminlstra{:l\;gdaut_hg;-;?zl :sd?'by
ive 1 “deviees; and’ hich are listed ds rd:
rov aterial fces, and systems w : | as stan
fl:ov%r?dggf;vlrai‘i’rge‘iaboéatories if they do not conﬁlct. wltb. t_he__“.rg
guirements of this code. - .

" (B)"Methods of Installation. No methods of installing-

electrical materials or de.vi(_:'es_in mns‘prlés:glé)%ycggered
“this code shall be used W_hmh are not gppr
trif:tl Commission or Railroad Commission. L -
Methods of installation which comply w_1f:h e

e tion:
quﬁﬁngmts of this code are hereby approved.

i AppfOVed.'Ma'téﬁaié and Cdﬁst}‘ﬁ.ctiol.‘. .
. aployed in' construction
Code, shall bé used which have not been ap-

c.qiiir:e.me:nts' of th1s :

ELECTRICAL CODE-—ORDER 1012 11

Order 1012. Inspection and Repairs.
All congtruction shall be inspected 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
eonductors should he made by properly qualified persons ouly.

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 aothority 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
impracticable, such as by involving expense not justified by
the protection secured; or if equivalent or safer construe-
tion is secured in other ways.

_ (B) Application. The intent of the Orders will be rea-
lized (1) by applying the rules in full to all new installa-
tions, reconstructions, and extengions, excepl where any
rule: is shown to be impracticable for special reasons or
vhere the advantage of uniformity with existing construc-

_tion is greater than the advantage of construction in com-

liance: with the rules, providing the existing construction
easonably safe,” (2) by bringing existing installations
conformity with these rules as far as may be directed
he Industrial Commission or Railroad Commission and
the time determined by them.
(C) Penalties. Sections 102,09-5, h, 1, i, and k of the
29 Wisconsin Statutes require

jury’ iy caused by the failure of the employer to

istatute of- the state or any lawful order of the in-

Ny compensationn and: death benefits as provided in

4 I -shall be inereased fifteen per cent.”

: ] he. willful, failure of the employee
provided by. the employer, or. .

esulty from the employee’s willful failure to

ile ad by the employer for the safety of

re. 1 : tlts: fromit the: intoxication of the employee,

pensation and: death: berefit provided hevein shall he reduced
cent L

Installations. Tt will sometimes be

dify or waive certain of the rules in case of

istallations or installations which are shortly

antled or: reconstricted. Such temporary con-
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struction may be used for a'reason:al_)le length pf tinm::*jl 1(:)11';:
vided it is under competer}t @uperwstontxghgs ;’101 i?c;belte Jbar=
ing equipment is alive or if it is pro ecte uitable M
iere or warning signs when accesgible to any » , Wit
gtletl fully complying with this code: but all such construction
de reasonably safe. _ _ . .
Shi%}}))efr‘régtiig. Rooms which are u_sedde);;:llumgrelg f&a
i “special ical te rk an erefore,
routine or gpecial elecfrical test-wor_ _ s O sty
the supervision of a qualified person, /
gil‘?}?rthis codg only insofar as is practmable_ _for. the charac
- of the testing done. s ]
tel(%‘) Emergency. In cage of emergency or pend}ng S}?e
cision of the administrator, the person responm})le oi}'— Jne
installation may decide as to modlﬁcatlop or waiver o
rule, subject to review by proper autho:r;t_y_._.
SECTION 102, DEFINITIONS OF SPECIAL TERMS
Order 1020. Definitions. - _ |
The following definitions give the meamngs gfﬁscgclluin (1)11;
the terms occurring in these ordet_'s 5 telfms nqt _ ?, n .
be understood to have their customary _meanmg_s'& T -
. (1) Accessible: (As ‘applied: to: wiring- methfci) 'S)h mf rthe
not permanently ‘closed in by the stru(_:ture or finish o the
building; capable of being remo(\zad w1t111_0121’_9 glsgglki)}l:ﬁent)
’ finish: ' ied. to- !
puilding structure or finish. . (As appliec 1. FE7 et
mittin; yse  aj ‘not: guarded by locke
tting close approach _bec?,use_ not: gu p !
gggﬁs, 1elgvatimn or other effective means (See aI.so. Read
ily Accessible”). : e

(2) Administrative Aﬁthomﬁty* 'mea_n_s ._ the Industrlal g

and/or the Railroad Commission. . ==

(3) " Adjustable. Speed Motor means’ one ' in: which the’

: ad: ] over: neiderable’ range;

- can be varied: gradually over-a: consl range,
%%?:eg,vﬁ;l} ;Once adjusted remains ];)_ractmally-_unaff_g_ci:c.e_d_“ 1;3;
the load, such as shunt mptqrs__des_lgneq fc:)r_._.a.. varia .mn .

ﬁel(d 4;?{"'1:%%2 or Live means electrically co_nnect_ed_ .’__c_o_ a soh_ ¢
of po’benﬁ’al difference, or electrically charged so as to hav

a potential different from. that of the earth. 'The: term

e
i i i ““ecurrent-c
“liye” is sometimes used in place of the term

. . . e e
rying” where the infent is clear, to avoid repet}?}ong __of he

1on(g5e)r Eﬁf@tenﬂa Conflict means that an antenna, or itaigu
wire is at a bigher level than a supply oxj_commu};{; 0]
conductor and approximately parallel theretq?_:_p?ow le

ELECTRICAL CODE—ORDER 1020 13

breaking 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) Approved means acceptable to the administrative
authority enforcing this code.

(7) Authority (See administrative authority).

(8) Automatlic means self-acting, operating by its own
mechanism when actuated by some impersonal influences
as, for example, a change in eurrent strength. Not man-
ual; without personal intervention. Remote control that re-
quires personal intervention is not automatic, but manual.
(9) Aulomatic Fire Door. One which closes automat-
ically by means of a device operated by heat.

(10) Branch Cireuwit means that portion of a wiring sys-
tem ‘extending beyond the final automatic overload protec-
tive device of the circnit.

Lighting branch circuits are circuits supplying energy
to lighting outlets only.

. Appliance branch circuits are circuits supplying energy
either fo permanently wired appliances or o attachment

- plug receptacles, that is, appliance or convenience outlets,

-or to a combination of permanently wired appliances and

.additional attachment plug outlets on the same circuit; such

reuits to have no permanently connected lighting fixtures.

- (For Medium-Duty and Heavy-Duty appliance Branch Cir-

cuits See Order 1316.02)

(11). Building means a structure which stands alone or

which is cut off from adjoining structures by unpierced
fire wallg, 00

b@net_"meahs an enclosure designed either for
urface or flush mounting; and provided with a frame, matt
m swinging or sliding doors are placed. (see

Jable means a stranded conductor. (single-conduct-
: combination of conductors insulated from one
tiple-conductor cable).
‘means in general a conductor, or system of
nd connected equipment designed to CArry an
Cireuil-breaker means a device designed to open
bnormal conditions a current-carrying cireuit with-
ry to itself.  The term as used in this code applies
he automatic type designed to trip on a predeter-
erload of current, -
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(16) Climbing Spuace means the vertical space reserve}i
along the side of a pole or supporting structure to permit
ready access for linemen to equipment and conductors lo-
cated thereon.

(17) Common Use means simultaneous use by two or
more utilities of the same kind. ST 1

(18) Communication Lines means the cqnductors an
their supporting or containing structures which are located
outside of buildings and are used for public or p_rwate sig-
nal or communication service and which operate at not ex-
ceeding 400 volts to ground_or_750_:vp1ts between any two
points of the circuit and the _tran_smlttgd_' power of Whl(:h
doas not exceed 150 watts. When operating at less than 150
volts no limit is placed on the capa,_city of the system.

" Telephone, tele'graph,_niessengex"—cal_l,_. clock, fire or '_[3101%(18
alarm, and other sjrstems'conformmg_wf_ch the above are in-

ded. IR _

c'luLi'ne's ‘used for signaling purposes, but not 1nclud:ed un-
der the above definition are considered as supply lines of
the same voltage and are to be so run. o

" Txception is made under:. certain. conditionis’ for communication
cii‘lj:];{ictes}) :11;,)21 !1?’1 _I;.;lae'op'eratioﬁ'df s'upply lines,.. _(S_ee_order 1288).

- Communication liries carrying not more than two circuits
used mainly for local telephone or telegraph service, or _for
police or. fire alarm service are. _referre_d_ :’_cq- as Tainor com-
mllkrilgiflcoonceazed-'. means  rendered inaccessible’ by the
structure or finish of the building.. Wires in concea_led race-.
ways are considered concealed, even though _th_ey_'_may be-.
come accessible by withdrawing them. @00 ol

(20). Conductor means 2 metallic’ conducting ‘material, -

ﬁsually;_ in the form of a wire or cable, guitable for carrying

i i ductors of the -
electric current.: In this code vyhen conductors ne:
ggs-bar type are referred to, they will always be: de_S_l_gP?{?e_df

as bus-bars.. ... .

21} Conductor Conflict means that a conductor 1s so sit- .
ua‘tged )Wiﬂ’l- respect to a conductor of another line at_ a _10\_3{~ 
er level that the horizontal distance between them _1_§._.l”ess.

than the sum of the following values. v
Five feet, plus R L
E%% One-half the difference of level between the qg_n_du
rnéd, plus o . el
Ors(:;)r_l'%%e valu?e required in Tables 6, 7 and 8 for horizon

i ipport for
tal geparation between conductors on the same support i
t?le h]ipghest voltage carried by either conductor_' _c.g_n_cerne_ :
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(22) Conduit means a tube or duct especially constructed
for the purpose of inclosing electrical conductors.

Flexible conduit means flexible metal tubing into which
the wires are drawn after the tubing has been installed,
Armored cable is similar flexible metal tubing in which the
conductors have been inserted in the process of manufac-
ture.

By rigid steel conduit is meant a tubular raceway with
threaded ends, for electric,wires and cables, having a cor-
rosion resistant coating on‘all surfaces, except threads, and
a uniformly smooth interior coating of enamel or like ma-
terial, made of mild steel pipe of circular crosg section, hav-
ing walls which in the various electrical trade sizes comply
with the measurements and weights set forth in Order
1305.08. '

(23) Conflict. (See definitions of Antenna, Conductor
and Structure Conflicts.)

o (24) Comtroller means a device or group of devices,
- “which serve to govern, in some predetermined manner, elec-
- trical power delivered to the device governed.

1 (2B) Current-carrying Part means a part intended to be
- connected in an electric circuit. Non current-carrying
parts are those not intended to be so connected. :
.(26): Cutout Box means an inclosure designed for sur-
ace or flush 'mounting and - having swinging or sliding
~doors or covers secured directly to and telescoping with the
valls of the box proper. (See cabinet)

27) Dead means free from any electrical connection to
a source of potential difference and from electric charge;
not having a potential different from that of the earth, The
‘term iy used only with reference to current-carrying parts
which are sometimes alive.
28) Demand Fdactor means the ratio of the maximum
1 f the system, or part of a system, to the total con-
nected load ‘of the system or part of a system under con-
{29} Disconnector — Disconnecting Switech means a
itch which is intended to open a circuit only after the
oad hag been thrown off by some other means. (See Defi-

rite] g, _desig‘hed for opening loaded circuits are usually
circuits with disconnectors, to provide a safe means for
cireuit’ undér Ioad.

ty;"lf"'a_c'ﬁtor means the ratio of the sum of the
er demands of the subdivisions of the sys-
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tem, or part of a system, to the maximum dema:fld of ‘the
whole system, or part of the system under consideration,
meagured at the point of supply. .

(81) Duet means (in un(éergic;und work) a single tubu-
lar runway for undergrouhd cables. _

(32) Dgst-tight means so constructed that dust will not
enter the inclosing case. _ o

(33) Electrical Supply FEquipment means equipment
which produces, modifies, regulates, eontrqls, or safeguards
a supply of electrical energy. Similar egmpm(?nt, h'OWever,
is not included where used in - ¢connection  with signaling
systems under the following conditions: =@ :

(a) Where the voltage does not exc_eed 150.

{b) Where the voltage is between 150 and 400 and thie
power transmitted does not exceed 3 kilowatts._ _ (See d__eﬁn -
tion of Utilization Equipmenty = - 7 -

(84) Electrical Supply Lines means t'}_xo‘se conductors
and their necessary supporting or co‘}lta}mmg struqtures
which ate located entirely outside of buildings and are used

for transmitting a supply of electrical energy. (See _Deﬁni— .

tion of communication lineg)y, = oo
Railway signal lines of more than 40_0'_v01{:s to ground are
always supply lines within the meaning of_ thesc rules, and
those of less than 400 volts may be considered as .s.up.ply
lines, if 8o run and operated througho_ut?__- L
Note: Does not include open wiring on buildings. in yards
simicl)a-r locations where spans are less than 20 feet and all the pre-

‘eadtions requived for staticns or utilization equ_ipment‘,_ as _the_ case. ..

may be, are observed.

S s e Sty ldmg

38) Flectrical Supply Station . means any. build o
'rocsm,)or separate space within. which:. q}egt}flcal_--_ﬁupp_ly :
equipment. i located and the interior of which is acce_s_s_lbl.e,_.

as a ruls, only to properly qualified persons. ...

" This includes generating stations. and: substations. and-

generator, storage battery, and transformer rooms, bu.j; ex-.- :
cludes manholes and isolated transformer vaults on private:

premises.. (See definition of transformer vault) ..
" (36) Enclosed: See inclosed. .. o i oo
- (87) (a) Ewposed {(applied fo circeuits or lines) mean

in such a position that in case of fa}ilure pf_ s_upp_orts_'or: in:
sulation contact with another circuit ot line may result,

(b) Exposed (applied to equipment) means that an ob-

ject or device can be inadvertently touched or approache L

nearer than a safe distance by any person. . :It.__i_s'- app
objects not suitably guarded or igolated..
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(88) Factory Yard means g plot containing an assem-
blage of buildings served by an isloated plant, or by a sub-
station, or by a master service, and permitting access from
building to building within the yard.

(39) Grounded means connected to éarth or to some ex-
tended conducting body which serves instead of the earth,
whether the connection is intentionsl or accidental,

(40) Grounded System means a system having a perma-
nent and effective electrical connection to earth. This
ground connection may be at one or more points.

Note: “Effective”, as herein used, means a connection to earth of
sufficiently Jow resistance and high current-carrying capacity to pre-
vent any current in the ground wire from causing a harmful voltage
to exist between the grounded conductors and neighboring exposed
conducting surfaces which ave in good eontact with the earth, or with

neighboring surfaces of the earth itself, under the most severe con-
ditions which are liable to arise in practice.

. (41) Guarded means covered, shielded, fenced, enclosed,
or otherwise protected, by means of suitable covers, casings,
barrier rails or screens, or by means of mats, or platforms,
- to remove the liability of dangerous contact or approach by
" persons or objects to a point of danger. Wires, which are
insulated, but not otherwise protected, are not considered
-as guarded.. (See Definition of Insulated)

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

(43) Household Applionces means flatirons, washing
machines; toasters, percolators, vibrators, heating pads and
rtable current consuming devices intended for use
in the home and similar places.

4) - Hazardous Locafion means premises, locations,
3. o1 portions thereof in which (1) highly flammable
mable volatile liquids, mixtures or other highly
substances are. manufactured or uged or are
other than original containers; or (2) where com-
lust or flyings are likely to be present in quanti-
ient to produce an explosive or combustible mix-
' 3) where it is impracticable to prevent dust from
ng: ch quantities on or in motors, lamps or
electrical devices that they are likely to become over-
b se normal radiation is prevented; or (4) where
gnitable fibres or materials producing combustible
andled, manufactured, stored or used.

stway means a hoistway in any shaftway,
li-hole, or other vertical opening or space in
levator or dumbwaiter is designed to operate.
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(46) 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 flyings or dust nor transmit sparks or flying par-
ticles to the accumulations outgide.

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

Note: When any object is said to be insulated, it is understood
to be insulated in a suitable manner for the conditions to which it
is subjected, Otherwise, it is within the purpose of these rules, un-
insulated, Insulating covering of conductors is ene means of mak-
ing the conductors insulated.

(48) Insulotion (when applied to a material or device
such as the covering of a conductor or. to clothing, guards,
rods, and other safety devices) means that the material or
device, when interposed between a person and current-car-
rying parts, protécts the person making use of it against
electric shock from the current-carrying parts with which
the device is intended to be used. (The opposite of conduct-
Ingy. i

(49) Isolated means that an object is not readily acces-
sible to persons unless special means for access are used.
(See Definition of exposed.) _ e

(50) Isolation by Elevation means elevated sufficiently

so that persons may_'s'af_ajwalkimd.e_rnea’fhi"__ (See Deﬁm-

{ioni of ‘exposed.) - =

© (51) Joint Use means siinuljté.ﬁeo_us:'iJ_s,_i_a'__'bj_f_: two or 'I'I:{br'g e

kinds of utilities.

| (52) Lateral C’oﬂductﬂffﬁé’éﬂéi in pole Wil_"_i'lig__ _Wgrlg;__a'f__-""
wire or cable extending in a general horizontal direction at -
an angle to the general direction of the line conductors.

"(See Definition of Vertical Conductor) = .

_ (B3) Lateral Working Space means the '_Spé'c_‘_a_. re-s_e"
for working between conductor levels ‘outside the clim
gpace, and to its right and left. . ERER

" (54) " Linie Conductor means one of the Wires’ or cables

‘carrying electric. current, supported by poles, t@ve 3
other structures, but not including vertical or l_a_t_exal el
necting wires. (See Definition of Vertical Conductar)

(55) Low-voltage Protection means the effect of a device
operative on the reduction or failure of voltage to ca d

maintain the interruption of power: supp_ly to: the equi
ment p"r_o_tected." S SRS e
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(56) Low-voltage Release means the effect of a device
operative on the reduction or failure of voltage to cause the
interruption of power supply to the equipment, but not pre-
venting the reestablishment of the power supply on return
of voltage.

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

{58) Manual means capable of being operated by per-
sonal intervention.

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

(60) 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.

o (61) Minor Tracks meang railway tracks included in the
- following list:

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

“'(b) Branches on which no regular service is maintained
‘or which aré not operated during the winter season.

¢ .(e)’ Narrow-gauge fracks or other tracks onm which
standard rolling stock cannot, for physical reasons, be op-

(d) Tracks used only temporarily for a period not ex-
Ing one year.

racks not operated as a public utility, such as in-
ustrial railways used in logging, mining, efe,

Movable FEquipment means electrical apparatus
.which is heavier than portable equipment as defined below,
but which, nevertheless, is designed to be transported from
place to place for use; equipment which is stationary when
; but is designed for being transported from job to
See Definition of Portable Equipment.)

). New Construction means all new electrical installa-
ions and all extensions and renewals which constitute a
ubstantial portion of the installation.

£ (64) Open Wires means overhead wires not in conduits
nd ¢ 1_si'f_ing of single conductors or of individual twisted
airs, as opposed to multiple conductor cables.
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(65) Owutlet means a point on the wiring system at which
current is taken fo supply fixtures, lamps, heaters, motors
and current-consuming devices generally.

{66) 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 circuits of small mdlwdual ag well ag aggre-
gate capamty 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).

(67) Permanently Grounded mieany sueh an’ effective
connection to the earth (by means of an underground sys-
tem of metallic pipe mains or other suitable means) as de-
scribed in Definitions of Grounded and Grounded System.

{68) Pole Face means that side of a pole on which cross-
arms are attached, or which ig so designated by the com-
panies owning or operating the pole. :

(69) Portuble Applionce means small electrical appara-
tus such as grinders; drills, eté.,. which. are supplied with
current from a portable oonnectlon apparatus. which can
he easily moved about or lifted and is intended to be so han-
dled when in use; does not include household appliances as
deﬁned herein. (See movable equipment)

(70) Qualified means familiar with the construction and
operation of the apparatus and the hazards involved.:. Re-
sponsibility for the decision” as to the quahﬁcatlons of the
employes rests with the employer or his agent.” L

(71) Racewmj means any channel for loosely hoIdlng_

wires or cables in interior work which is deSIgned expressly
and used solely for this purpose.

terial.

which wires are to bepulled. . i

(72) Readily Accessible:: Capable ef being‘ reached
qumkly, Tor operafion, renewal or 1nspectlon without' re
qulrmg those to whom ready access is:requisite to clim

over or remove obstacles or to resort to portable ]edders,.

chairs, ete. .
(73) Reoonst? uctwn means rebmldlng or ren

natice replacements
tion of an installation is New Construction)
tion of New Construction)

Raceways: may. be of |
metal, wood (if specifically’ permitted): or insulating ma-
The term includes wooden and’ ‘metal moldings ‘con<
sisting of 4 backlng ‘and eapping and aIso meta,l ducts mto-
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(74) Rural Districts means all places not urban, usually
in the country, but in some cases within city limits. (See
Definition of Urban Districts)

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

(76) Sug—Apparent sag ot any point means the maxi-
mum departure of the wire at the particular point in the
gpan from the straight line between the two points of sup-
port of the span, at 60° F., with no wind loading.

(77) Sag—Normal sag 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.

(78) 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.

(79) Service means the conneeting conductors by which

. & supply of electrical energy is carried from a supply line
1o the building or premises served. Ior overhead circuits,
it ineludes the conductors from the last line pole to the
ierviee switch or fuse. The porﬁion of an overhead service
; betw en the pole and building is designated as “service

80 X Shall is used to Iindicate requirements.

81) Should is used to indicate recommendations, or
that which: is advised but not required. In general, recom-
mendations have the form of fine-print notes or paragraphs
supplementing the preceding text.

82)" Special Pérmission means the written consent of
ndusfrial or Railroad Commission.

33) '.-'Stmoture Gonﬂict (as applied to a pole line)

he overturmng (at the ground 11ne) of the first
in contact between 1ts poles or conductors




¥
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(2) Where two lines are on opposite sides of a highway, street or
alley and are separated by a distance not less than 60 per cent of
the height of the taller pole and not lesg than 20 feet.

(84) Substanticl means so constructed and arranged as
to be of adequate strength and durability for the service
to be performed under the prevailing conditions.

(85) Switch means a device for opening or closing or
changing the connection of a circuit. In these rules, a
switeh will always be understood to be manually operated
unless otherwise stated.

(86) Switchboard (Supply Statlon SWltchboard) means
a large single panel, frame, or assembly of panels, en 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 accessible from the
rear as well as from the front and are not intended to be
installed in cabinets. (See Panelboard.)

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

(88) Tags meéan tags or other markers of dlstmctlve ap-
pearance; indicating that men are at work on the equlpment
or lines so designated.

(89) Totally Enclosed M oto'r : A motor whlch 1s 50 com-
pletely enclozed by integral or aumhary covers as to prac-
tically prevent the circulation of air through the mterlor.
Such a motor is not necessarily air-tight.

(90) Transformer vaulf means an isolated; ﬁre-proof in-

closure, either above or below ground, in’ which transform-:
ers, and the devices necegsary for their operation, are’in~
stalled and which is not’ contmuous]y under attendance dur- S

ing operation, -

(91) Urban Districts means thlckly settled areas, Wheth— L

er inside city limits or not. "

(92) Utilization Eqmpment means equlpment dev1c
and connected wiring, which utilize electrical energy. for
mechanical, chemical, heating, lighting, testing, or similay
purposes and are not a part of supply equipment,’ suppl
lines or communication lines. (See Definition’ of Electrl :
Supply Equipment.)

(93) Vaportight:
the inclosure,

So enclosed that vapor Wll-l_ _n:
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(94) Ventilated: Provided with a means to permit cir-
culation of the air sufficiently to remove an excess of heat,
fumes or vapors.

(95) Verticol Conductor means, in pole wiring work, &
wire or cable extending in an approx1mate1y vertical direc-
tion. (See Definitions of Lateral and Line Conductors.)

(96) Voltage or Volts means the highest effective voltage
between the conductors of the circuit concerned, except that
in grounded multiwire circuits, not exceeding 750 volts be-
tween the outer conductors, it means the highest effective
voltage between any wire of the circuit and eround,

In ungrounded circuits not exceeding 750 volts, voltage
to ground means the voltage of the circuit.

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

Note: Direct connection implies electrical connection as distin-
guished from connection merely through electromagnetic or electro-
static induetion,

. {97) Walerproof means so constructed or protected that
_m01sture will not interfere with its successful operation.
(98) " Watertight means. so. eonstructed that moisture
11 not ‘enter the enclosing case.:: :

: 99).: Weather-proof as apphed to the protective cover-
" 1ng on: conductors means a covering made up of braids of
'rous material which are thoroughly saturated with a
“dense’ moisture-proof compound after they have bheen
‘placed on the conductor or an equivalent protective cover-
ng desighed to withstand weather conditions.
“Weatherproof as applied to exterior installations means
onstrueted or protected that the weather will not inter-
are with successful operation.

(100) Wire gages. The American wire gage (A Ww.
G.), otherwise known as Brown & Sharpe (B. & 8.), is the
tandard gage for copper, aluminum, and other conductors,
excepting steel, for which the steel wire gage (5t W. G.),
ised’ throughout this code.

| —

ION-_ 103. METHODS OF PROTECTIVE GROUNDING
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grounding is intended to be a permanent and effective pro-
tective measure.

They do not apply to the grounded return of electric rail-
ways, nor to the grounding of lghtning protection wires
which are independent of electric circuits or equipment.

These orders do not require that grounding shall be done,
but cover the methods for protective grounding..: The or-
ders requiring grounding, in accordance with thé methods
gpecified below, are included under the various parts of this
code,

The orders giving methods of groundmg commumcatmn
circuits and equipment will be found in Section 136 Part 3.

Orders giving methods of grounding low and medium
powered radio transmitting stations and receiving sets will
be found in Section 156 Part 5. ; L

Order 1031. Pomts of Attachment of Grouudmg Conduct-
ors to Parts Grounded. '

(A) Direct Current Disbribution Systems. (1) In three-
wire direct-current systems the ground connection shall be
made on the neutral at one or more supply stations.

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

(3) No ground ‘connection shall be made at individual
services or within the building served. In two-wire sys-
tems, the grounded. side of the. ¢circuit. shall: be msulated
from ground except at the station ground: conhnection:

(B) Alternating-current Distribution Systems. (1) In
alternating-current distribution systems the ground connec-

tion shall be made at the building service and near the = -
transformer (or transformers): either: by direct: ground-_._“-

connection through an extended- water piping: system OF
artificial ground (see: order: 1083) ‘or by the use of a sys—:. PO
tem ground wire to which are connected the grounding con- -
ductors of many secondary maing, and: _Whlch.13._1tse1f_e_f_-_'_'_j E
fectually grounded at intervals that will fulfill for any sec-
ondary utilizing the system ground wire the resastance and_'

current-carrying requirements of Otder 1035..:
{2) In single-phase, three-wire systems the ground-' ons
nection shall be on the neutral conductor: _
(8) In single-phase, two-wire systems the ground' con=
nection shall be on the neutral point or on either conducto
(4) In two-phase, three-wire systems; the ground con-
neetion shall be made to the conductor common to!
phases. In two-phase, four-wire systems, a grotind: connecs
tion shall be made to the neutral point of each pha

L e
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(5) In three-phase, three-wire, delta systems, the ground
connection shall be made on one conductor or on the neu-
tral point of one phase.

Note: Where the ground is made to the neutral point of one
phase and the neutral not extended to the building serviece, two

ground wires and two ground electrodes shall be placed at the pole .

with the transformer.

(6) Where one phase of a two or three phase system is
used for lighting, that phase should be grounded and at the
neutral conductor, if one is used.

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

(8) “For an interior system not electrically connected to
exterior conductors, the grounding connection shall be
made at the transformer, generator, or other source of
supply, or at a switchboard, and on the supply side of the
first switch controlling the system. If one of the conduct-
ors is identified, the grounding connection shall be made to
the identified conductor, commonly known as ‘“the white
wire”,

= (9): In the absence of a direct ground connection at all

- building serviceés, ground- connections shall be made to the
" grounded- néutral or: other: grounded conductor of a sec-

ondary’ system supplying more than one utilization equip-
ment, at intervals that will fulfill the resistance and cur-
rent-carrying requirements of Order 1035.

: (10) When the secondarieg of transformers are supply-
ng a common set of mains, fuses if installed shall be lo-

cated’only at such points as not to cause the loss of the

ground: connections after any fuses in the transformer cir-
maing. have been blown.
¥ _Alternatmg—current secondary circuifs supplied

.from a; transformer - outside the building shall not be

ded inside the building except at the service entrance.

I all cases, mmltiple prounds are preferable for alternat-
nt d1str1bat10n syste-ms because of the assurance prov1ded

'Where low-potential c1rcu1ts arresters, equip-
rmored cable, metal raceways and the like
8 a protective measure, they shall be so ar-
here will be no objectionable passage of cur-
t ver: the' groundlng conductors, The temporary cur-
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rents, which are set up under accidental conditions while
the grounding conductors are performing their intended
functions, are not to be considered objectionable. Where
an objectionable flow of current ocecurs over a grounding
conductor, due to the use of multiple grounds, (1) one or
‘more of such grounds shall be abandoned, or (2) their loca-
tion shall he changed, or (3) the continuity of the conduct-
or connecting the grounding connections shall be suitably
interrupted, or (4) other means shall be taken to limit the
current.

(D) Lightning Arresters and Ground Detectore. For
lightning arresters and ground detectors the ground con-
nection shall be at such a point that the grounding con-
ductor is as short and straight as practicable, and free from
sharp bénds.- L

(E) Eauipment and wire runaays. (1)} For conduit,
armored cable, frames of generators, motors and trans-
formers, and other noncurrent-carrying metal parts of elec-
trical equipment, the point at which the grounding con-
ductor is attached shall be accessible if practicable.

(2) For conduit, armored cable or metal raceways the
grounding conductor shall be attached near the point where
the conductors of the system receive their supply. -

(3) If the conduit system is mechanically and electrically
continuous, or all disjoined parts are electrically bonded to-
gether, a single ground on the service conduit will suffice:

(4) No separate grotunding conductor shall be required
for non current carrying parts of equipment. if grounded

through the conduit, cable sheath or metal: raceway: system---.'
of the building by means of standard: locknuts snd bush= e
ings or by a separate bond between the equlpment and the;_

. conduit, armored eable; or metal raceway gystem; il

(F) Connections to be Avoided and. Recommenda,tions -
(1) No electric conductor or non current carrying: part of

electric equipment shall be grounded to a small water sy
tem, small sewage system, wells, pump casings; small

systems, gas tanks; or any small metallic system, parts of

which are at times in contact with persons’ or ammals

Note: It is advisable from a safety standpoint to keep hg‘ ning
rod grounds free from such wmetallic structures’ as’ pumps, cow sta ] hi

jong ete., which are frequently in contaet, w1th per%ﬂns or: a imals.
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(8) In installations such as farms where there is more
than one building wired and there iz no extended water
¢ system the conduit and neutral wire shall be grounded fo
an artificial ground at the service entrance. At each of

dependent artifieial ground.

(4) The grounding conductors for cireunits, conduit,
equipment, and the like shall not be connected to lightning
rod conductors,

Order 1032. Ground Conductor.

(A) Material and Continuity (1) The conductor for
groundmg an interior wiring system shall be a copper wire
or a wire of non-corrodible material of equivalent conduct-
ance, and shall be without joint or splice if practicable. If
joints are unavoidable they shall be so made and main-
tained to be electrically and mechanically equivalent o the
conductor. For grounding conduit, equipment, and the
like, the conductor may be of copper or may be a rigid elec-
trical conduit or pipe, except that under conditions favor-
able to corrosion, copper only shall be used. For ground-
_ equ1pment devmes and the like, there may be used the
{ res. of the wires which supply them or sep-
-run m ere assembhes Wlth the cir-

':_'Approved threaded fittings with joints made up tight
Approved threadless fittings with joints made up

‘Bonding jumpers with proper fittings

- Two locknuts, one inside and one outside of boxes or

cabinets

No automatie cutout, or switch for interior wiring
shall be placed in a groundmg conductor, unless

{(2) The ground connection should be made to t t

of the system which will enable making connection fo an

extended water system rather than art1ﬁc1al OU 1

1 supply statlons unless it is in plain sight, and pro-
1‘d_ d'Wlth d;stmctlve marking and effectively isolated from

% Suppled

the other buildings the conduit shall be grounded to an in-,
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]

(B) Size and Capacity. (1) The path to ground pro-
7 vided by a system grounding conductor shall, in general,

have current-carrying capacity sufficient to insure the con-
% tinuity and continued effectiveness of the path under con-
+ ditions of excess current caused by acecidental grounding
of any normally ungrounded conductor of the c1rcu1t ot the
system to which it is electrically connected. _

(2) The grounding conductor for a direct-current sys-
tem shall have a current-carrying capacity not lesg than
that of the largest feeder of the same system leaving the
station. In no case shall the groundmg conductor be small-
er than No. 8.

(8) The grounding conductor for an alternating-current
elrcuit ov system shall have a current-carrying capacity
not less than one-fifth that of the conductor to which it is
attached. In no case shaH the grounding conductor be
smaller than No. 8.

" (4) The groundlng conductor for a hghtnlng arrester
shall not be connected to an artificial ground electrode
which is used for circuits or equiprnent and the like, but
shall be kept at a distahce of at least 20 feet Where prac-
ticable;: The grounding conductor” shall’ have a’ current-
carrying capacity sufficient to insure the continuity and
continued effectiveness of the path to ground under condi-
tions of excess current caused by or following the discharge
of the arrester.
beé smaller than No. 6.;

(5) The size of the wire or plpe used for groundlng the_' :-'

service conduit shall be not less than that glven 111 the fol
Iowmg table: :

) Nomma.l Sjzeos
* Rigid Steel Conduit:

2 @psunding Conanetar.

Servme If Wire, No. If Pipe, Sizé L
8 gauge-. -_';.__1/2_._1nch_. :
1'-'/4—1% 6 gatige" .5 dnch v
U4 ganget i 84 dnehi by
2% 2 gauge . ¥ B
0 gauge: " .1 i1
3%-—4 " 00 gauge, 0 1 'in
above 4 : : 000 gauge - 1

the f ollowmg table :

No* 1nd1v1dual groundmg conductor shall o 3
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Capacity of Automatic
Overload Protective De-
vice in Circuit Ahead of Size
: Hguipment, Conduit, of Nominal Size of
t etc. not exceeding Copper Grounding Pipe
{Amperes} Wire (Inch})
30 14 Th
60 10 T
100 8 o
200 - 6 b
400 4 %
6006 2 %
800 0 1
1000 00 1
1200 000 1

Where pipe is used as a grounding conductor, ag in last
column of above table, the connections thereto shall be made
by means of an approved connector. Threaded connections
are preferable, especially where the pipe or conduit is not
pl‘ov1ded with a condueting coating such as galvanizing.

This table does not apply to the grounding conductor when in non-
metallic sheathed cable.

. (7) For grounding portable or pendent equipment, the
- conductors to which are protected by fuses or circuit-
breakers not greater than 15 amperes, No. 18 copper wire
may. be used... For grounding portable equipment fused for
‘more than.15 amperes; the above table shall be followed.
{(C). I'msulation and Guarding. (1) The installation of
the grounding conductor for systems, when not consisting
of or: enclosed in metallic piping, and the insulating cover-
ing of the conductor shall comply with all requirements of
c_ode applylng to wires of the voltage of the circuit to
: the‘;; g"r(_)unding conductor is attached. Where a

i1 In ‘electrical supply statmns transformer vanlts, and
bstantial bare grounding conductors inay be used.

'.When_mthln eight feet of the earth, platform or
; _hmh groundmg conductors are accessible to un-
horized ersons or the public, or when exposed to me-

injury, ground conductors shall be protected by
qul eiguard
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(4) If the resistance of the ground connection is in ex-
cess of three ohmgs, the grounding conductor shall be pro-
tected and guarded by being inclosed in insulating conduit
or molding to protect persons from injury by coming in con-
tact with it.

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

Order 1033. Nature of Ground Connection. .

(A) General. The ground connection shall be perma-
nent and effective and shall be made as indicated below, but
circuits and equipment shall always be grounded to exten-
sive water piping systems if they are available.

Note: “Available” in this rule means ordmarlly w1thm 50(} feet
for stations. In interior wiring available means within the building
served :

(B) Pzpmg S’ystems (1) In supply stations, ground
connections for civcuits and equipment shall be made to all
available dctive extensive metalhc underground water pip-
ing systems between which no ‘appreciable differénce of po-
tential normally exists, and to one such system if appreci-
ablé'diff'erences of potential do exist between.them. ..

" {2). In’ other: places circuit and. equlpment ground con-
nectlons shall be made to- at ledst one such system.

e (B) Gag’ piping systems within buildings connected to
'contmuous metallic underground exterior: systems may: be

small fixtures it shall be bonded to the Water plpmg system

able a bonding. jumper around the gas meter shall be use

always be made on the street side of the mete
ing need not be .insulated from otherw1se wel
fixtures.
. (C) Alternate Methods. Where sultable extens -
derground metallic piping systems are not available, art
ficial grounds which will secure the de51red per

used as a ground electrode but only when continuous. Water_-._
piping system is not available.* Gas’piping, however, may -
serve as the sole ground for small fixtures located at a con-=
siderable- distance from: water piping.: Where gag piping
on the house side of the meler is utilized for grounding

at their points of entrance: - If no. water piping is avail-

Where groundmg connectlon is made to gas: pipihg except
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and conductance shall be employed or the use of an extended
system ground wire which is properly grounded should be
resorted to.

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

(1) No more than one such ground is required for light-
ning arrvesters, except where for large current capacity.

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

Exc.:'.ep.i.;ioh." When an extended system ground wire is used the
connection at the service entrance shall be made to the ground wire,
Algo see (3) below.

(3) Where no part of the circuit or equipment protected
¢an 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 esmtance exceeds:: that  specified in- Order 1035. In
guch cases the_groundmg conductor must be guarded ac-

g ;
(E) Grounds” to. leway 'Retm'ns.. Prote'ctive ground
ections for circuits other than railway circuits shall

mltlple artlﬁelal grounds are made on other cireuits near
ay. returns, they should be so arranged as to prevent the
ny: considerable current in and between sueh connections,
reducmg_ thelr eﬂectlveness, or ecausing other damage,

. Method of Connecting to Ground.
Water—P?xpm g Connections. Ground connectlons to
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nections may be made on the building side of the meters, if meters
are suitably shunted, 4
(_2) Ground Connection for aon current-carrying parts speh ag
equipment or metal raceway systems, (but not for cirenits) may be
piping system at a boint near the part to be pro-
tected, provided there are no insulating jeints in the pipe to prevent
a good ground. Tn such cases, care should be taken to electrically
connect all parts of the Diping system liable to create a hazard (if
they b_ecomg alive) and to shunt the pipe system where necessary
around n?eters, ete,, In order to keep the connection with the under-
ground piping system continuons, '

(B} How to Make Copnéction. The ground connection
to metallic piping systems and conduit shall he made in
sich a manner that good electrical contact between the
grounding wire and pipe surface is secured, and that the

possibility of increase in resistancs of the joint through cor-
Tosion 15 minimized,

Note: Such ground eonneetion to metallie piping systems should
b(.:,‘ made by means of an approved ‘connéction firmly fastened to the
pipe; after all rust'and seale have been removed oF by means of a
bras‘s- plig: which’ has: heen: tightly sérewed into a: pipe fitting, or

e the pipe is of sufficient. thicknéss; serewed. into a hole in the
pipe itself, or by other equivalent meang; a0

- With. bell’ and spigot joint pipé it may be necessary to connect to;
several lengths wheére cirenits or equipnietit of large current-carry-
ing capacity are being grounded. For thig eondition the m'o'st's'at'—_:' :
; _ consists in ‘drill- -
ing!'& hole’ in': the Bell; tapping. it; and: serewing’ in—a’ birass plug to -}
which the ground: wire: is' soldered;. The joint: thus made and the -

Isfactory method of making the ‘ground:cofinection

surfaee of thé pipe in the immediate vieinity should be hea
with pitch or equivalent material to ‘prevent edirosios
of connection should be ‘accessible and its po

(C)_Artificial Grounds. Where artificial - grounds
used they shall’ay far as: practicable, be: embedded
permanent moisture level.” Each buried-plate  ‘electiod
‘shall present not less than 2 square feet of | face to ex
terior soil. " Electrodes of plate copper shall be at least .06
inch in thickness. FElectrodes: of iron: or ‘steel plates shal

be at least 14 inch in thickness. - Electrodes of iron or stee
pipe shall be galvanized and not less than 34 inch int
diameter, FElectrodes of rods of steel or: iron: shall

least 3/, inch minimum cross section dimiension. - Ap

rods of non-ferrous materials or. their approved _
used for electrodes shall be not less than 14 inch in di

ter. Driven electrodes of pipe or- rods,. when of less than
standard commiercial length, shall prefers ¥ be.o
piece and shall be driven, except where rock bottom
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countered, to a depth of at least eight feet regardless of size
or number of electrodes used.

(D) Contact Surfaces. Where a mnon-conductive pro-
tective coating such as paint or enamel ig used to protect
the equipment, conduit-couplings and fittings, such coating
shall be completely removed from threads and other sur-
faces in order to insure a good contact between ground
clamp and equipment. Pipes and rods used as ground elec-
trodes shall have clean metal surfaces, and shall not be
covered with paint, enamel, or other poorly conducting ma-
terials, :

Order 1035. Ground Resistance.

(A) Limits. 'The combined resistance of the grounding
wire and the connection with the ground shall not exceed 3
ohms for water-pipe connections nor 25 ohms for artificial
(buried or driven) grounds. Where it is impracticable to
obtain with one ground artificial ground resistance as low

as 25 ohms, this reguirement shall be waived, and at least
- two artificial grounds at least six feet apart and with com-
 bined area of not less than 4 square feet, shall be provided.

‘Exception: See order 1033-d-3.
rtificial grounds may be arranged to minimize the potential
gradient along the surface of the earth by use of radial connecting
underneath the earth surface or by other suitable means.

(B) Checking. (1) Grounds on distribution circuits

id In stations should be tested for resistance when instal-

tion is made unless multiple grounding to water-piping

systems is used.

(2).-All grounds or grounding systems installed by the

‘shall be inspected and/or tested periodically and if

nd - deficient shall be made to comply with the require-
ents of this code.

Order '_1()_3"6'.-"'Separate Grounds and Ground Conductors.

Grounding Conductors. Groundin g conductors $

m equipment and circuits of each of the following
when: required by these rules, shall be run sepa-
¥ to the grounding electrode (or to a sufficiently heavy
0l unding bus or system ground cable which is well
He ‘ground at more than one place and has a
registance less than 8 ohms.)
Lightting arresters.

wpplement
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(3) Secondaries of current and potential instrument
transformers and cases of instruments on these secondaries.

(fl) Frames of direct-current railway equipment and of
equipment operating in excess of 750 volts.

(6) Frames of utilization equipment or wire raceways PART I
cﬁher_ than covered by item (4), except that if a secondary .
distribution system has multiple grounds to water piping, ELECTRICAL SUPPLY STATIONS, SUBSTATIONS
service conduits may utilize the same grounding conduct- ; AND EQUIPMENT

Or'S. e
(6) Lightning rods. (See Order 1031 f, 4 and Part 6.)

(}':J’) Arrester grounds. Lightning-arrester ground con-
IleCfEIOIlS s}nall not be made to the same artificial ground
(driven pipes or buried plates) as cireuits or equipment,
but should be well spaced and where practicable, at least
20 feet from other artificial grounds.

SECTION 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 qualified persons and
accessible only to such persons, the orders also apply to
similar equipment, including generators, motors, storage
batteries, transformers, lightning arrestors, etc., when in-
“wtalled in factories, mercantile establishments, vehicles, or
elsewhere, (See also Order 1300 (b} Section 130, Part 3.)
- For the intent of the rules, waivers, etc., see Order

SECTION 111. GENERAL PROTECTIVE ARRANGEMENTS OF
i STATIONS AND SUBSTATIONS

‘Order 1110. General Requirements for Rooms and Spaces.
(A) FEwnclosure of Rooms and Spaces. Rooms and spaces
hall be arranged with fences, screens, partitions, or walks
“as to prevent entrance of unauthorized persons or inter-
rence by them with equipment inside, and the entrances
under observation of an authorized attendant shall be
t locked. Signs prohibiting entrance to unauthorized. .
ons shall be displayed at entrances.
B): Rooms and Spaces. All rooms or spaces in which
teical supply equipment is installed shall comply with
following requirements.
ireproof Construction. They shall be as far as

1
wsrdued

2) Storage and manufacturing processes. They shall
- neither for the storage of material nor for manu-
ring: processes causing hazard to electrical operators,
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except those materials or processes attendant upen the pro-
duction or distribution of a supply of electrical energy.

(8) H_azardous Conditions. They shall be free from
gombustlble dust or flyings, flammable gas, or acid fumes
in dangerous quantitieg, (For battery rooms, see Section
114. For auxiliary equipment in hazardous locations, see
Order 1127)

(4) Ventilation. They should be well ventilated.

(b) Moisture and Weather. They should be dry. In
qutdoor stations or stations in wet tunnels or subways, all
live parts of equipment should be enclosed in weatherproof
cases, unless the equipment is suitably designed to with-
stand the prevailing atmospheric conditions.

_ (C) Rotating Machinery. Rotating machinery shall be
installed upon suitable supports or foundations and if
hecessary secured in place.

Order 1111, Hlumination (See also Order 1144)

(A}. Under normal conditions. Rooms and spaces where
electrical apparatug or machinery is located shall have
means for artificial illumination in accordance with the fol-
lowing table. The means of illumination shall be main-
tained ready for use at all times.

. the: It is not intended that this rule should require permanent
llghtlng in switch eells and similar small spaces occupied by elec-
trical apparatis where permanent lighting is impracticable. The
Ipdus'trlal Lighting Code of the Wisconsin State Industrial Commis-
sion includes general standards of illumination required from the
point of view of safety. :

TARLE NO. 1

TMumination Intensities

Minimum

(1) Switchboard inst. gauges, switches, ete.. . _____ .
{3 gmtehboards with no exposed live parts .. T2 71771 ! Tion.
3) Blorage batteryroom__ ... ________ _ 1 to 7
(4) Gienerating room, hoiler rocmn, pump room (4 e
live parts)

.

SeR

—

2to4

(6) Stairways and passageways (n ements made at Hoor lovel)
whera there is maving machinery, exposed live parts, hot pipes,

© A et:; _____________________________________________________ 1 9tod’
1y traversed space (measured at floorlevel) " 7T 1z 1

to2 i

) Note: The above illumination values are to be measured at wo

ing surfaces, except as stated. ) :
The “minimum foot-candles” speeify the lowest illumination

safety, but the “modern practice foot-candles” are recommended.:

Modern Pragiios -
Faot-Candles Foot-Candlea:~ |~
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(BY Emergency Lighting. A separate emergency source
of ilumination shall be provided in every station where an
attendant is located. This source shall be from an inde-
pendent generator, storage battery, gas main, or other suit-
able source.

Note: Flame lamps (gas or oil) should not be used in battery
TOOMS.

(C) Shading of Lamps. Overhead and local lamps shall
be shaded as required by Orders 2118 and 2114 of the In-
dustrial Lighting Code published by the Industrial Com-
mission.

(D) Fiztures, Pendants and Plug Receptacles. (See
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 installed where they can
be readily moved so as to bring them in contact with live
parts of electrical supply equipment.

' (R) Attachment Plugs. Portable conductors shall be
“attached to fixed wiring only through separable attachment

pl’ﬁgs which will disconnect all poles by one operation.

vdei. 1112. Buildings, Yards and General Safety.
AY: Buildings to Comply with Building Code. Build-
Tigs.in ‘which electrical supply equipment is installed shall
¢ constructed in every detail to comply with the Building
Jodé ‘published by the Industrial Commission. .
(B) General Orders on Safety to be Complied With.
loovs, passageways, stairways, floor openings, platforms,
nways, moving machinery, ete., shall be constructed and
feguarded as required by the General Orders on Safety
ublished: by the Industrial Commission.

C): Protection from Ruain and Falling Objects. Elec-
ical supply equipment located outdoors, when necessary,

e’ protected against injury from rain, snow, sleet,

ng or falling objects.
Dy Ezits.. Each room or space and each working
o about equipment shall have suitable means of exit
"kept clear of all obstructions.
plan of the room or space and the character and ar-
quipment are such that an accident would
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be liable to close or make inaccessible a single exit, as in
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 cases the
Building Code should be consulted.

(I0) Floors. Floors shall have even surfaces and afford
secure footing. Projecting nails, icose boards, uneven or
greagy floors, and slippery floors should be avoided.

Note: Otherwise slippery floors 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
headroom. (See Order 1124 for working space) The Gen-
eral Orders on Safety by the Industrial Commission also
contain orders applying to passageways.

(G) Runways and Ploiforms, Rails and Toe Boards.
(See General Orders on Safety published by the Industrial
Commisgion).

(H) Stairways, Handrmls. (See General Orders on
Safety published by the Industrial Commission.)

(1) Platforms with Stairways or Stationary Ladders.
(See General Orders on Safety published by the Industrial
Commiggion.)

(J) Continuity. The heads of permanent ladders shall
be provided with guards such as gates or sliding pipe sec-
tions whenever the heading breaks the continuity of a rail-
ing adjacent to working space.

For very long ladders occasmnal iandings, turns, or safety loops .

are recommended

(K) Stair Toe Bocmis Toe boards shall, where prac-
ticable, be arranged at back of stairway treads whare over
exposed live or moving parts or over working spaces, pas-
sageways, or other stairways..

(L.). Walks and Platforms for Overhead Work.

migsion.)
Order 1113. Fire Fighting Appliances.

Each room or space where an operator is in attendance

shall be provided with adequate approved fire-extinguish-

ing appliances conveniently located and conspicuously :

marked, Any such appliances which have not been ap-

(See
General Orders on Safety published by the Industrial Com-: "
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proved by Underwriters’ Laboratories for use on live parts
should be plainly and conspicuously marked with a warn-
ing to that effeet.

Note: Fire extinguishers employing carbon tetrachloride or ear-
bon dioxide as the extingmishing agent are recommended,

Fire extinguishers shall not be installed in locations subjeet to
conditions of high or low temperature which will reduce their effect-
iveness.

Caution: Carbon tetrachloride extinguishers should not be used
in confined spaces, because of the possibility of asphyxziation of the
user.

Tetrachloride extinguishers are not adversely affected by tempera-
tures between 60° G (140° F') and minus 40° C (—40° F).

Order 1114. 0il Filled Apparatus.

For the purpose of these rules, oil-filled apparatus is di-
vided into three clagses, each of which requires different
treatment: (1) Oil switches and circuit-breakers: (See
also Section 117) (2) transformers, induction regulators,
= ete.r . (See also Section 115) and (8) 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
floorg  of buildings or in galleries, oil switches or circuit-
breakers should be separated from other apparatus by ade-
quate noninflammable barriers, or otherwise adequately iso-
ated. . Floors and floor drains should be so arranged that
il will quickly collect in a suitable drainage or storage
system provided for the purpose either inside or oufside of
.the building as may be advisable,
Where switches or switch compartments are constructed
pre_vent an appreciable amount of oi! being thrown out-
ide of the compartment exterior drainage or storage sys-
-are not necessary.
W'hen located outdoors they should be adequately isolated.
When located near building walls the walls should be of
‘slstlve construction and should have doors or win-
ws so-located ‘and arranged that burning oil is not liable
throug_h them to flammable material or apparatus.

t: should” be reeog'mzed that oil-switeh or circuit-breaker
'8 ay: depend upon the size and rupturing capacity of the
hoor gireuit breaker and the short-cireunit duty that may be re-
of Thé short-cirenit current depends on the generating
supplying ‘thé system on which the switch or eircuit-breaker
‘modified by the current-limiting characteristics of the gys-
¥ special: apparatus installed for that purpose. By “gener-
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ating capacity” is meant all of the apparatus contributing to the
short-cireuit current,

(B) Transformers, tnduction regulators, ete. See Order
1153. When in buildings, transformers, induction regula-
tors, ete., should preferably be located on lower floors or in
basements so that oil which leaks out or is spilled ean not
drip on other apparatus, Where this iz not practicable,
adequate provision should be made to prevent leakage on
other apparatus. Floors and floor drains should be so ar-
ranged that oil will quickly eollect in a suitable drainage or
storage system provided for the purpose either inside or
outside of the huilding 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. Induection regulators when
nonautomatic should be arranged for remote control.

When located outdoors, transformeis, regulators, break-
ers, etc., should be adequately isolated, Provision should be
made for quickly draining away to a safe distance any oil
that may be spilled. Thiz may be done by ditches and
draing or the oil may be absorbed and danger of spreading
removed by paving the yard around the transformers or
other devices with cinders or other absorbent material to a
depth of several inches.

When located in buildings, transformer tanks containing
large quantities of oil shall, where practicable, be so ar-
ranged that approved fire-quenching material may be in-
troduced above the oil inside the tank or in the surround-
ing compartment, except where tanks are c'ompletely filled
with oil or where the space above the oil ig filled with an
inert gas. .

(C) Lighining orrvesters. When located in buildings,

lightning arresters containing oil should be separated from_ '
other equrpment by fire walls adequate to completely 1so-'

late them 1n case of fire.

When located oufdoors they should be adequately iso-.

latéd. Provision for quickly dralnmg away oil should be
made ag indicated for transformers in (b) above.

SECTION 112. PROTECTIVE ARRANGEMENTS OF
EQUIPMENT

Order 1120. General Reguirement, .
All electrical supply equipment shall be of such construc
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Order 1121. Inspections.

(A) Regulor Equipment. Blectrical supply equipment
shall comply with these orders when placed in service, and
shall thereafter be perlodlcaﬂy cleaned and inspected. De-
fective equipment shall be put in goed order or permanently
disconnected. Defective wiring when hazardous shall be
repaired or removed.

( B) Idle Kquipment. Infrequently used equipment or
wiring maintained for future service should be thoroughly
inspected before use to determine its fitness for service.

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

(D) New Fquipment. 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) Tramsmission Machinery. This 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 Suddenl'y Moving Parts. Parts of equipment which
_ ove suddenly in such a way that persons in the vicinity
re 'able to be mJured by belng struck, such as handles

. Protective Groundmg

A). Grounding Method. All grounding which is in-
ed to be a permanent and effective protection measure,
_as hghtmng arrester groundlng, groundmg of circuits,

D edhon—current—carrymg parts, such as frames of gen-
‘s 'and switchboards, cases of transformers, lightning
A _sw1tches and operating levers, permanently

: “that exposed non- -current-carrying parts of elee-
para us peratmg at 150 volte or less to ground be perma-
ar unded :

tion and so installed and maintained as to reduce the llfe- :

and fire hazard as far as practicable.

-7
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It is recommended that all metallic guards (including rails, sereens,
ote.) about electrical supply equipment should be permanently
grounded where such grounding will reduce the hazard. )

Except in hazardous locations, exposed non-current-carrying parts
of equipment operating at more 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 ghould be so arranged that persons ean not
inadvertently touch these parts while also touching a grounded
surface.

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

Exeception 1: Exposed non-current-carrying metal parts of sup-
ply equipment of grounded direct-current ecircuits or series direct-
current circuits are exempted from this order, if sultably insulated
from the ground and from neighboring grounded surfaces. In addi-
tion suitable permanent insulating barrier guards shall be installed
s0 that a person cannot, while touching such insulated frames, at the
same time inadvertently touch or stand upon other grounded bodies.

Exception 2: Exposed non-current-carrying metal parts of sup-
ply equipment for communication circuits are exempted from this
order, providing they are suitably insulated from the ground and
neighboring grounded conductors and surfaces,

Exception 3: Metal shell sockets and metal guards of portable
lamps, if suitably insulated, are exempted from this order.

(C) Grounding Equipment During Repairs. Rlectrical
equipment or conductors normally operating at more than
750 volts, on or about which work is occasionally done while
separated from a source of electrical energy by switches or
disconnectors only, shall be provided with some means, such
as switches, connectors, or readily accessible ground econ-
ductor, for grounding them. (See orders 1423 and 1424)

Order 1124. Guarding Live Parts,

(A) Where required: (1) Guards shall be provided for
all parts exceeding 300 volts to ground unless the boundary
of the guard zone around the part has a vertical clearance
of more than 7 feet 6 inches for voltages up to 7,500, and
8 feet 6 inches for voltages of more than 7,500, above any

permanent supporting surface for workmen, or a horizon- -
tal clearance of more than 3 feet from the nearest edge of -
any such surface, or both. This includes parts exposed. .

through windows, wall openings, ete.
111 Fo . . -
Exception: Guards need not be provided where it is necessary to
permit routine inspection of rotating equipment as required under
operating conditions. .
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Note: The rule applies to the electrieal parts energized or con-
sidered available for service in temporary or partially completed in-
stallations, as well as to permanent installations.

Definitions: The guard zone means the space of minimum c¢lear-
ance from guards to electrical parts where guards may be installed
by workmen without definite engineering design, The radius of this
zone varies with the voltage as specified in column 4 of the table
No. 2. (See Order 1422, C. of the code for working clearances above
live parts).

“Permanent supporting surfaces for workmen” inelude floors,
platforms, or structures used regularly and frequently by workmen
for inspections and maintenance near live adjacent parts: runways,
ladders, stairways, ete.

(2) Parts over or near frequently traveled passageways
through which material may be carried, or in or near
spaces, such as 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-electrical work should be removable
- only by means of tools or keys.

TARLE NO. 2

Minimum Clearances from ILdve Parts

1 2 3 4
Mipimum Vertieal | Minimum Horizontal | Minimum Clear-
Clearsnee of Clearanca of ance from Guards
Voltage Between Phasea Ungusrded Parts Unguarded Parta (to Parts, Radiug
- of Guard Fone
FPeet, Inches Feet Inches Inches
7 ) 3 2 2
7 9 3 3 3
7 10 3 4 4
9 0 3 3 il
9 3 3 9 9
2 6 4 0 12
9 10 4 4 16
10 & 4 11 23
11 g 5 (] 30
11 7 i} 1 37
12 2 § 8 44

5 anees in column 4 of this table are not a requirement for
i "_eng' 1eering design of either apparatus or guards, but are
1y for: the guidance of workmen installing guards without such

hg’ inimum clearances in the table above are not
0 the elearances hetween lve parts and the walls
ents, or similar inelosing structures, They do mnot




44 INDUSTRIAL COMMISSION OF WISCONSIN

¥ d supporting structures,
apply to the clearances between bus bars anc t i
nof to clearances between the blade of a disconnecting switch and
its base. -

(3) Parts of indeterminate potent%ai, such as t.elephone
wires exposed to induction from high-tension lines, un-
grounded neutral connections, ungrounded framc?s, 1{11—
grounded parts of lightning arresters, gngrounded 1‘nst1.u<-
ment cases connected directly to the h1gh—voltage circuit,
ete., shall be classified and, where pra:ctlcable, guarded on
the basis of the maximum voltage which may be pres'ent.

(B) Sirength of Guards. Gua_rds shall be sufﬁmentlﬂ
gtrong and shall be supported yigldly and securely enouég
to prevent them from being dlsplaced or dangerously de-
flected by a man slipping or falling ggamst- them_. .

(C) Types of Guards. (1) Location or ISOIH.,’EIOH.‘ Parts
having clearances equal to or greater than specified in _(a)
above are guarded by location. Parts are guarded by 183-
lation when all entrances to inclosec_l spaces, runways, la, i
ders, ete,, are kept locked or warning signs posted at ah
entrances, in which case no other permanent guards nee
be (Szu)ppélreglinded metal cable sheaths. _Thefse_are smtab}e
guards except where exposed to mechamcal injury. ngeé e
so exposed metal conduit or other suitable guards should be
pr’?‘él)degﬁilings. Railings are not substitutfes for co_mplete
guards, and if used shall be located at a horizontal dlst.ance
of at least 8 feet (and preferably not more tl}an 4 feet)
from the nearest point of guard zone, which is less than

1 ove the floor. .

7/%4f)eeg}?£31ds or inclosures. Guards inside of the_guard
zone or less than 4 inches outside, :csha.ll c-omplejte}y inelose
the parts from contact up to the heights listed in column 2
of table No. 2 and under Order 11_24 (A). They shall n}c;t
he closer to the live parts than listed in col}lmn 4. of the
table under Order 1124 (A) ex-cept when suitable insulat-
ing material is used with circuits of less than 7,500 voitsi‘;
(See note under table in Order 1124 (A). If more than

inches outside of the guard zone, the guards need not faxtend
more than 714 feet above the floor. Covers or guards,
which must at any time be removed while the parts they

guard are alive, should be arranged so that they can not .

readily be brought in contact with live parts.

i i Parts. The -
5) Insulating Covering on Con('iuctors or ts. .
ins(llll,ting covering on parts exceeding 750 volts to ground -
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shall not be considered & protection. For parts less than
750 volts, positive barriers, inclosures, or gimilar arrange-
ments are preferable, but in dry places where not exposed
to mechanical injury, varnished-cloth tape, or other insula-
tion suitable for the voltage involved may be used as a
guard. The taping over connections shall be of a type and
thickness suitable for the voltage involved. Friction tape
is not acceptable as the sole protection.

Exception: On circuits not exceeding 7500 volts between phases,
when other guarding is impracticable, insulation suitable for the
voltage involved may be used back of the switchboards or in equiva-
lent sheltered locations. Insulating mats or platforms shall be pro-
vided so that an operator ean not readily touch the insulating cover-
ing without standing on the mats.

(6) Mats. Suitable insulating mats placed so0 that a
person can not inadvertently come in contact with the live
parts without standing on the mat may be used in the fol-
lowing cases.

Parts less than 750 volts to ground exposed at switch-
boards, switches, or on rotating machinery.

Disconnect switches less than 7,500 volts between phases
mounted on back of switchboards or in similar sheltered
locations when barriers are placed between each blade go as
to extend beyond the disconnected parts in any position.
Other means of guarding may be used where convenient.
""Ungrounded frames of existing high-voltage series gen-

rators.

As provided for in paragraphs (c) (5) and (c¢) (8) of

. this rule.

Mats should be of rubber, or in dry locations they may be
‘wood fastened with wood pins, cork matting, or heavy
one-fourth inch) linoleum laid without joints and without
tal fastenings. A “nonslip” surface should be main-

tained and the mats should be laid and maintained so as

lice the tripping hazard to a minimum,

i, Beveled edges will help in many cases.

arts below supporting surfaces for persons, The

upporting surfaces above live parts shall be solid without

s exceeding one-eighth inch in width. Toe boards
least 6 iriches high shall be provided at all adges,

(8) Sypecial rules for plug-type switchhoards, A mat is

' le” guard when placed so that the operator must

it when operating the plugs. Suitable guards on
dles of all p_lugs shall be provided.
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(D) Parits of less than 300 wolls to ground.

It is recommended that live parts of more than 150 volts to ground
be inclogsed or guarded when in exposed locations.

Order 1125. Working Space About Electrical Equipment.
(A)Y Where required. Adequate and readily accessible
working space with secure footing shall be maintained
about all electrical parts or equipment which require ad-
justment or examination when exposed while in service.

(B) 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 puards, 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 I 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
(See 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 volts or less between phases. When it is
necessary for men to bring their bodies or any material or
tools handled into the danger zone (see Order 1422 B of
this code) suitable protective devices, such as rubber gloves,
rubber sleeves (if necessary), insulating tools, portable rub-
ber mats or insulating stools, rubber blankets, insulated
fuse pullers, testing and grounding devices, switch sticks,
efe., should be provided, periodically examined, and kept in
safe condition.

{(B) More than 7,500 volts. Suitable protective devices,

_such as testing and grounding devices, switch sticks, fuse
pullers, special insulated tools, ete.,, should be provided,
periodically inspected, and kept in safe condition. Such
devices shall provide an ample margin of safety for the
voltage involved and should be consiructed so that the work-
man’s body can remain outside of the danger zone. (See
Order 1422 C of this code).

Order 1127. Hazardous Locations,
(A) Inclosure of arcing and heating parts.
tions where flammable gas or flammable flyings normally

In loca- .
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exist in dangerous quantities, all parts where sparking,
arcing, or dangerous heating is liable to occur shall be in-
closed so as to reduce the hazards as far as practicable.

This inclosure shall be by one of the following methods.

(1) By placing in separate compartments of rooms.

(2) By using nonabsorptive, noncombustible casings of
the dust-tight type when flammable dust or flyings are
present.

(3) By using nonabsorptive, noncombustible casings de-
signed for use in explosive atmospheres when flammable
gag exists in dangerous guantities.

(B) Grounding. The metal frames and other exposed
non-current-carrying metal parts of equipment in these lo-
cationg shall be permanently grounded as specified in Sec-
tion 103.

Order 1128.
Agencies,
Suitable shields or inclosures shall be provided to protect
exposed current-carrying parts, insulation of leads or elec-
- trical devices or equipment where susceptible to injury by
" being installed directly under rotating equipment or in
other locations where dripping oil, excessive moisture,
steam, vapors, or similar agents exist. (For battery rooms
see Order 1145).

Order 1129. Idenfification,

(A) Equipment in general. Electrical supply equip-
ent shall be suitably identified when necessary for safety.
.The identification may be by pogition, color, number, name
‘plate, label, design, or other means, but the method of iden-
tification chosen shall be uniform throughout any one sys-
tem. (See Order 1174 A for switches.)

Tl__le voltage and intended use shall be shown when im-
ortant.

Tdentification marks should not, if possible, be placed on
wable covers or cagings, such as instrument covers and
mnector compartment doors, where the interchanging
ese removable parts might lead to accident.
Generators end motors. Generators and motors
h be pr ovided with a name plate giving the maker’s

Shielding of Equipment from Deteriorating
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SECTION 113. ROTATING EQUIPMENT (THIS INCLUDES
* GENERATORS, MOTORS, MOTOR GENERATORS,
AND CONVERTERS)

Order 1130. Speed-control and Stopping Devices.

(A) Speed limits for prime movers. Prime movers
driving generating equipment shall be provided with auto-
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 rotating egquipment. 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 such a way that the develop-
ment of defects or their becoming inoperative will stop the
units protected should be used where practicable.

- Controls to be used in emergency for machinery and elec-
trical equipment should be so located ag 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 speedldimiting devices unless
their inherent characteristics or the load and the mechani-
cal connection thereto are such as to safely limit the speed,
or unless the machine is always under the manual control
of a qualified operator.

(1) Separately excited direct-current motors.

(2) Series motors.

{(3) Motor generators and converters which can be driv-
en at excessive gpeed from the direct-current end, as by a
reversal of current or decrease in load.

Note: The required limitation of speed may be chtained by the
use of a relay, centrifugal switch or other similar device which will
cut off the supply of energy when excessive speed is attained.

(D) Low-voltage or under-voliage protection. All mo-
tors so employed or arranged that an unexpected starting
of the motor is a hazard, shall be equipped with low-voltage
protection which will automatically cause and maintain the
interruption of the motor circuit when the voltage falls be-
low an operating value.

Exception:

gervice are exempted.

Those motors with an emergency or essential use or
where the opening of the circuit will cause a special hazard to life or
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(E) Adjustoble speed motors. Adjustable speed mo-
tors, if controlled by means of field regulation, shall be so
equipped and connected that the field can not be weakened
sufficiently to permit dangerous speed.

(F) Protection of Control Circuits. Where speed-limit-
ing or stopping devices are electrically operated, the con-
trol eircuits by which such devices are actuated shall be in
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 passersby 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) Arcing shields. Suitable shields or barriers other
than rails shall be provided where practicable to prevent
‘arcing on large commutators or any other parts of moving
pparatus from injuring persong in the vicinity, as in the
case of narrow working spaces located immediately above
‘or‘beside such equipment.

"Exception: Twenty-five cycle apparatus of less than 150 volts to
“pround is exempted.

t is recommended that where suitable shields have not been in-
talled, goggles should be available.

Order 1132. Grounding Machine Frames.

“(A) Grounding muckine frames. All frames of rotat-
ng electrical equipment shall be permanently grounded ex-
¢pt as permitted below and in Order 1123,

. (B) Coupled machines. Where two or more machines,
either of which operates at more than 150 volts to ground,
mechanically coupled together and the operator can
bouch the frames of more than one at a time, the frames of
all such shall be permanently grounded or bonded together

Guards complying

bl '.i‘h_is rule may be waived with high-voltage series
I sets in existing installations where for operating reasons
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the generators must have their frames insulated from the ground
and the motor frame ig grounded, and where it is impracticable to

Place insulating barriers between the grounded and ungrounded
frames.

(C) Awziliories. FExciters and auxiliary circunits elec-
trically connected to generators or other machines of more
than 750 volts to ground (with frames ungrounded) shall
be installed, protected; and identified as machines and cir-
cuits of the same voltage as that of the machine for which
they are auxiliaries.

Order 1133. Terminal Bases and Bushings.

(A) Terminal bases. Terminal bases, when used on mo-
tors or generators should preferably be of suitable noncom-
bustible, nonabsorptive, insulating material, such as slate,
marble or porcelain. )

{B) Bushings. Bushings where used for wires coming
through frames of motors or generators should preferably
be of porcelain, suitable composition material, or of hard-
wood properly filled, except that soft rubber may be used
if not exposed to oils, grease or other deleterious substances
in such quantities as to cause their rapid destruction.

Order 1134. Deteriorating Agencies.

(A) Protection required. Suitable shields or tnclogures
shall be provided to protect exposed current-carrying parts,
insulation of leads, balance coils, or other electrical devices
belonging to motors and generating equipment where in-
stalled directly under equipment or in other locations where
dripping oil, excesgive moisture, steam vapors, or similar
injurious agents exist.

(B) Grounding. The metal frames and other expoged
nen-current-carrying metal parts of equipment in these lo-
cationg shall be permanently grounded.

Order 1135. Motors,

(A) Control. If the starting is caused automatically
(not manually) as, for example, by a float switch, or if the
starting device or control switeh is not located close to the
motor and all parts of the machinery operated, the start-
ing arrangement shall be designed so that it can positively
be kept open by means of locks or equivalent devices. B

(B) Motors in hazardous locations. Motors with their -
auxiliary equipment, at which sparking or arcing or high

temperature is liable to occur, when in rooms normally

containing explosives, flammable gas, or lammable flyings -
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gshall be so installed, as to reduce the hazard by in-
closure in an adequately ventilated separate compartmept,
by solidly inclosed equipment designed. for use in explosive
atmospheres, or, when protected .agamst ﬂymg‘s only, by
partitioning off a space or by a suitable boxing.

Motors should be protected from dust. Inclosed-type mo-
tors are recommended in dusty places, being preferable to
bhoxing.

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

SECTION 114, STORAGE BATTERIES

The following orders (except Order 1143) apply oply to
storage batteries exceeding 50 kilowatt-hours capacity at
the eight-hour rate of discharge.

‘Order 1140. Isolation. ‘

Storage batteries shall be made inacces&‘,lble‘to other than
properly qualified persons by being placed in a separate ‘
"room or inclosure,

rder 1141. Ventilation.

Rooms or inclosures containing storage batteries shall be
“go: ventilated as to remove acid spray and prevent danger-
“ous accumulation of flammable gas.

hie battery room ventilating system shall be so arranged
‘not to carry any gases therefrom into other rooms or
_spaces of the building where electrical apparatus or equip-
ent'is located.

Communication of drafts to other rooms should be pre-

1142, Saifable Supports and Floors.

s cellg, except small cells of insulating material set in

“trays, or shelves, or otherwise separated from the

floors, shall be supported by suitable insulators, such as
ags or thoroughly vitrified and glazed porcelain. Suit-

able drainage or other means shall be provided beneath

"uér.ding Live Parts in Battery Rooms.
ion of parts of more than 150 volts. The ar-
of cells and connections shall be siich that any
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two _current—carrying parts between which a voltage ex-
ceeding ISQ exists shall be properly guarded if the parts
are otherwise 50 exposed that persons are liable fo make
accidental contact with both at the same time.

(B) Precaution against parts of more thon 150 volts,
No con_ductor of more than 150 volts to ground shall be
pla(.:ed In any passageway, unless guarded or isolated by ele-
vation. )
. 2(f) Form of guards. Guards shall comply with Order

Order 1144. Illumination.

Storage‘ battery rooms should be lighted, if practicable
from out:glde lamps. Heating devices with open flames or
exposed incandescent resistors shall not be installed.

If lamps are inside, only incandescent electric lamps in
keyless porcelain or composition sockets, controlled from
points not exposed to battery vapor, shall be used.

It is recommended that switches and incandescent lamps located in
battery reoms be put in vapor-proof inclosures.

Order 1145, Acid Resistive Coverings.
Conductors in battery rooms, if of such material or so lo-
cated as 1o be liable to corrosion, shall have suitable pro-

tective coverings or coatings, unless the ventilation is such
as to render this unnecessary.

.

SECTION 115.. TRANSFORMERS, INDUCTION REGULATORS,
RHEOSTATS, GROUND DETECTORS, AND
SIMILAR EQUIPMENT

Order 1150, Currént Transformer Secondary Circuits.
(A) Skort-circuiting. Secondary circuits of current
transformers, including constant-current and instrument
transformers, shall be provided with means (such as per-
mapent connections for jumpers) for Short-bircuiting them
W_hlch.can be readily connected while the primary is ener-
gized and which are so arranged as to permit the removal

of any ir.lstrument or other device from such circuits with- '
out opening the circuits. -
(B) Protection when of more than 7,500 volts. Whera:

primaries are.of more than 7,500 volts, secondary circuits
unless otherwise adequately protected from injury or con-'
tact of persons, shall be in permanently grounded conduit.
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Order 1151. Grounding Low-voltage Circuits of Instru-
ment Transformers. '

The low-voltage circuits of all instrument transformers
shall be permanently grounded unless the circuits are in-
stalled, gnarded, and plainly identified as required for the
high-voltage circuits of the transformers, in accordance
with Order 1160.

Note: 'Thiz will sometimes require marking to distinguish such a
low-voltage circuit from others with which it is associated, but which
are protected by ground connections.

Order 1152. Grounding Transfermer Cases. _
The metal case or exposed frame of each transformer, re-
actor, induction regulator, and similar equipment, which
is located where dampness or flammable gas normally
exists, or which is connected to a circuit operating at more
than 150 volts fto ground, shall be permanently grounded.

Exceptions: BException is permissible in accordance with Order
1123B in locations free from flammable gas, where the entire trans-
former is isolated or guarded as required for the highest-voltage eir-
“ euit eonnected with the transformer, and is plainly and conspieuously
- identified as of that voltage.

rder 1153. Loecation and Arrangement of Power Trans-

formers.

ransformers shall be installed according to one of the

following methods:

(1): On poles or (when permitted by local authority) on

wallsg of buildings, and in compliance with the overhead line

iles; . (See part 2 for mounting and wiring.)

{2) Tn outdoor inclosures such that unauthorized per-
‘can not, without special effort, come in contact with

ny.part of the cagings or wiring.

"In ventilated transformer vaults or rcoms which

hall be made inaccessible to unauthorized persons.

Where the amount of oil in transformer casings is considerable
the' transformers are located in buildings used for other than
.purposes, they should be placed in suitable transformer vaults
. léss than a 6 inech noncombustible sill at the doorway. The
uld be drained to some convenient point outside the build-
which the vault is installed.

3 In rooms containing other equipment.

n stations, such transformers should be isolated from
quipment and oil sill or suitable arrangements for
re should preferably be provided.
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Order 1154. Resistance Devices.

Rheostats shall be not less than 1 foot from combustible
material or separated therefrom by a slab or panel of non-
combustible, nonabsorptive material of suitable thickness,
not Jess than one-half inch, somewhat larger than the rheo-
stat, and secured in place by bolts independently of the
rheostat supports.

Rheostats or registance devices shall not be placed WhEle
spattering molten metal due to high temperature in the
rheostat may fall upon flammable material or spaces fre-
quently occupied by persons.

Rheostats or resistance devices exposed to excesgive dust
or flyings should preferably be installed in suitable eabinets
or equipped 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
permanently grounded in accordance with Section 103 shall
be provided with one or more reliable means of ground de-
tection which can be applied to determine the existence of
a ground on any such circuit extending outside the station.
In unattended stations periodic tests should be made.

SECTION 116. CONDUCTORS

Order 1160. Electrical Protection. _

(A) Fuses required. Conductors shall be suitable for
the location, use, and voltage. Conductors should be pro-
tected against excessive heating by the design of the system
or by suitable fuses or automatic circuit-breakers except as
provided in Order 1175.

(B) Fuses in grounded econductors. Conductors nor-
mally grounded for the protection of persons shall be ar-
ranged without fuses or automatic circuit-breakers inter-
rupting their continuity between the source of electrical
supply and the point at which the ground conductor is at-
tached, unless the circuit-breaker opens all conductors of
the circuit with one operation.

(C) Circuits exposed to higher woltages. If exposed
through transformer windings or outdoor circuits to high-
er voltages, circuits of less than 750 volts shall be isolated
or grounded unless placed in grounded conduit or other
suitable duct or identified and guarded as required for con-
ductors of the highest voltage to which they are exposed.
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Order 1161. Precaution Against Mechanical and Thermal
Damage.

(A) Proteclion agoinst tnjury. Where exposed to me-
chanical injury suitable casing, armor, or other meang shall
be employed to prevent injury or disturbance to conductors,
their insulation, or supports.

(B) Flame proofing. Where conductors with insulating
coverings are closely grouped and any one ig liable to dam-
age from near-by conductors (as sometimes on the rear of
switchboards or in cableways) they shall have a substantial
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) shall be
so supported that they eannot come in contact with the sur-
faces along which they are run if uninsulated or with other

- conductors and equipment.

Note: This applies in particular to generator leads and conduct-

““org liable to large short-cireuit currents.

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

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

rder 1162. Tsolation.

All  conductors of more than 750 volts, and ungrounded
are conductors of more than 300 volts to ground, shall be
olated by elevation or guarded in accordance with Order
124, 50 that no person can inadvertently come in contact
h:them; provided that busses and bus structures and
connections thereto may be installed in accordance
Order 1125, in suitable locations specially arranged
e :'purposes

3. Guarding Conductors.
etal sheathed cable outlets of more than 750 volts.
Ingulation of the several conductors of multiple-con-
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ductor cable, where leaving the metal sheath at outlets,
shall be thoroughly protected from mechanical injury, mois-
ture, and electrical strains by means of a pothead or equiva-
lent method.

(B) Form of guards.
1124,

Order 1164. Guarding in Hazardous Locations.

(A_) Rigid steel conduit or metal sheath. Conductors in
locations where flammable gas normally exists shall be
in metal conduit or metal-sheathed cable. All fittings and
outlets of such conduit and cable shall be electrically and
mechanically continuous with the conduit or metal sheath,
and the conduit shall be sealed to prevent entrance of gases.

1\_T0te: ’}‘his rule does mnot apply to conductors of large section
which obviously ean not be placed in conduit, such as copper bars
connecting large cells with end-cell switches. This rule does not ap-
ply to adequately ventilated loeations.

. (B) Insulating supports. Conductors in damp locations,
if neither in conduit nor in waterproof metal sheaths in
other suitable ducts, shall be effectively isolated and sup-
ported on a suitable type of insulator.

Order 1165. Taping Ends and Joints.

.Ends and joints of insulated conductors, unless other-
wise adequately guarded, shall have equal insulating cover-
ing with other portions of the conductor.

Guards shall comply with Order

Order 1166. Wiring for Illumination.

Wiring installed for the illumination of the station should
b.e installed and protected as required for similar utiliza-
tion equipment and conductors in part 3 of the code.

SECTION 117. FUSES, CIRCUIT-BREAKERS, SWITCHES AND
CONTROLLERS '

Order 1170. Accessible and Indicating.

(A) Arrangement. All switches, fuses, automatic cir-
cuit-breakers, starting rheostats and other control devices
shall be readily and safely accessible to authorized persons,
unless remotely controlled. They shall be so arranged or
marked ag to identify the equipment controlled by them,

and (except fuses) shall indicate whether they are open or -

cloged.

(B) Accid:ental elosing. Switches shall be so installeél .
as to.minimize the danger of accidental operation, and:

ELECTRICAL CODE—ORDER 1171 87

where practicable so that gravity can not close them; such
switches as may tend to close by gravity shall be provided
with a proper latch or stop block to prevent accidental clos-
ing. Where practicable, the blades of knife switches should

be dead when the switched are open.

Order 1171. 0il Switches.
0il circuit-breakers and oil switches shall, wherever

practicable, be isolated from other types of switches, and
other electrical apparatus to conform to Order 1114 (a).
Remote control of switches and cireuit-breakers shall be
used on cireuits of more than 7,500 volts, or when they may
be subject to large short-circuit values.
Note: Remote control may be mechanical, electrical, or other
type. It is not intended to prohibit the use of switches and eireuit-

breakers operated manually by means of levers or poles from a re-
mote position. (See note in Order 1114 (a) for conditions usually

" applying to electrical systems).

Order 1172. Where Switches are Required.

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

cuits, except as listed below.

re pieces of electrical supply
o switch is

Exceptions (1) Where two or mo
uipment or supply lines are operated as a single unit n

cousarily required between them.
(2) Switches are not required in transformer vaults except as may

¢ deemed necessary by the engineer in charge to meet operating re-

quirements.
(8) Switches are not required in leads to instrument transformers,

“(4)° Switches are not required in grounded conductors.

In most cases the switch called for should be capable of
ning the cirenit under loads. In some cases, as between gencrators
id’ transformer hanks used with them, dizconnectors only would be
auired.

Or 173. Switches or Other Grounding Devices.

1t is recommended that switches or other suitable means
rovided, where practicable, to facilitate short-cirenit-
nd grounding equipment or lines for which the oper-
ng rules (See Orders 1423 and 1424 of this code), re-
ounding to protect workmen. (See Order 1123

der _1_74 ~ Capacity of Switches and Disconnectors.
Suitability. Switches used otherwise than as dis-
ctors 'shal_l'be of suitable voltage and ampere rating
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for the circuit on which they are installed and should pref-
Eerably be marked with the current which they can safely
interrupt. :

I_)ls'connectors shall be of suitable voltage and ampere
rating for th_e circuit on which they are installed,

{B) Locking. Remotely controlled switches, oil
SW;tches, and disconnectors shall be so arranged that they
canl 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 is i_rnportant that the control circuit be tagged or pro-
vided with a positive disconnecting means near the appara-
tus fo pre‘vent accidental operation of the mechanism,

I*.‘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 is recommended rather than blocking wherever parts of
equipment are remote _from the point of control.

(C) Air breaks. Unless a switch operating on a cireuit
between 750 and 7,500 volts makes an air break, it is rec-
ommended that there shall be installed between it and the
source of energy supply a suitable air or oil break discon-
nector or equivalent device having an air or oil gap suit-
able for_ the operating voltage of the circuit.

‘ An air break switch or air-break disconnector shall be
ingerted in each conductor between electrical supply equip-
ment or lines and sources of energy of more than 7,500
Vo_lts,_ if the equipment or lines may have to be worked on
W{thout protective grounding while the sources may be
altve (for lightning arresters see Order 1191).

(D). Alinement. Knife switches shall maintain such
al;nement under service conditions that they can be cloged
with a single unhegitating motion.

Order 1175. Where Fuses or Automatic Circuit-Breakers
are Requived,
All circuit leads to motors, constant-potential generators,

transformer primaries, and station auxiliaries, and all out- -

going circuits shall be protected from excessive current by

suitable fuses or automatic circuit-breakers, except as in-

dicated below.

Fuses and automatic circuit-breakers may be omitted:

from the following:.

(1) A motor-driven generator or rotary converter when::
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the supply leads to such apparatus are already protected
by fuses or automatic cireuit-breakers.

(2) Ground conductors.

(3) Circuits for field excitation.

(1) Leads of alternating-current generators,

(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 geries transformers.

(8) Leads of potential transformers or other cireuits,
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 suitable switch. :
(8) So that the fuses can be conveniently handled by

" means of insulating handles or portable appliances pro-

vided for the purpose.

Fxception: Cireuits of less than 150 volis 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 circuits

“not exceeding 750 volts.

"Order 1177. Arcing or Suddenly Moving Parts.

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

B) Protection against moving parts. Handles or levers
ircuit-breakers and similar parts which may move sud-
denly in such a way that persons in the vicinity are liable

o bie injured by them, shall be guarded or isolated.

Order 1178. Grounding Non-current-Carrying Metal Parts.
xposed non-current-carrying parts of switch and fuse
5, levers, and other similar parts to which leakage is
liable to occur from live parts, and thereby create a hazard,
1. be permanently grounded in accordance with Order

Exceﬁtibn:' Minor parés, such as ferrules of knife switches,
‘are mot liable to hecome alive, are excepted.
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Order 1179. Guarding Live Parts of Switches, Fuses and
Automatie Circuit-Breakers.
Switches, fuses, and automatic circuit-breakers shall be

isolated or guarded in accordance with Orders 1124 and
1125.

SECTION 118. SWITCHBOARDS

Order 1180. Location and Aeccessibility.

(A) General location. Switchboards shall, where prac-
ticable, be so placed that the operator will not be endan-
gered by any live or moving parts of machinery or equip-
ment located near the board.

They shall be so placed ag to reduce to a minimum the
danger of communicating fire to adjacent combustible ma-
terial.

(B) Swpaces about boards. The space back of the board
shall be kept elear of rubbish and shall not be uged for stor-
age. .

(C) Accessibility. Switchboards shall be accessible to
authorized operators from both front and back when the
connections are on the back (see Order 1125 for working
space), 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
switches so arranged that the points of contrel are readily
accessible to the operator. Instruments, relays, and other
devices requiring reading or adjustments shall be so placed
that work can he readily performed from the working space.

Order 1181. Material and Hlumination.
(A) Material. " Switchboards shall be made of noncom-
bustible miaterial and be kept free from moisture.

“{B) Hiumination. Sufficient illumination 'shall be pro-
vided both for the front and rear of the switchboard so that
the switchboard may be readily operated and instruments
conveniently read.

Order 1182.° 'Necessary Eqilipment. :

Switchboards which control generating equipment or .
outgoing supply circuits shall (except in substations with- .=

out regular attendanice) be equipped with such instruments
ag are necessary to show operating conditions.
der 1155 for ground detectors).

Order 1183. Arrangement and Identification, , :

Connections, wiring, and equipment of switchboards and

panel-boards shall be arranged in an orderly manner, and

(See Or-
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all switches, fuses, and circuit breakers shall be plainly
marked, labeled, or arranged so as to afford ready means for
identifying circuits or equipment supplied through them,
in accordance with Order 1123,

Order 1184. Spacings and Barriers Against Short-Circuit.
(A) Bare parts. 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 750.

Tt is recommended that such parts, including bus bars, shoulf_i he
go located, or provided with such insulating coverings or b.armfers,
that parts at different potentials will not be readily short-circuited
by tools or other conducting objects.

(B) Fuses. Fuses 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
hands of the operator.

Y Order 1185. Switchboard Grounding.

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

Excepticn: Parts of switehboards, such as name plates, screws,
and’ similar small parts which are not Tliable to become alive,. except
‘fitider very unusual eircumstances, are not considered as coming un-
‘the rule and may be left ungrounded.

(B) Cireuits worked on. Where protective grounds
re oceasionally required on circuits for the protection of
rorkmen, a permanent ground connection shall be pro-
'éd",-"'and algo suitable means for effectively and readily
onnecting the parts being grounded to the ground connec-
1 accordance with Order 1123C.

der 1186, Guarding Live Parts on Switchboards.
) Guards. Live parts of switchboards shall
arded in accordance with Order 1124,
3Y: Plug-type switchboards. TPlug-type switchboards
uld; except while connections are being changed, have
t-carrying part exposed on face of boards and, if
ticable, they and their plug connectors shall be so ar-
ed wheré the operating voltage exceeds 150 as to have
t-carrying parts guarded so long as they are
even while ¢connectiong are being changed.

be
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(C) Eaposed parts of move than 7,500 volts. No switch-
board shall have current-carrying parts of more than 7,500
yolts exposed (unguarded) unless these parts are effectively
isolated by elevation, except at times when occasionally left
exposed by removal of covers or entrance into inclogures,
such as switch and instrument-transformer cells or com-
partments which are ordinarily unoccupied by persons. For
such parts, if exposed while alive for any purpose (includ-
ing busses and disconnectors in compartments) working
space shall be provided complying with the requirements
under Order 1125.

Order 1187. Instrument Cases.

When mounted on switchboards, metal cases of instru-
ments (unless isolated by elevation) operating at more than
750 volts shall be grounded or inclosed in suitable covers,
zvh.ic{l are either of grounded metal or of insulating ma-
erial,

SECTION 11%. LIGHTNING ARRESTERS

Order 1190. Location.

(A) Where required. Lightning arresters should be at-
tached to all ungrounded sides of each system of more than
7,500 volts connected to overhead circuitg except circuits in
cables with grounded metal sheath.

(B} Indoors. Lightning arresters with auxiliaries when
installed inside of buildings shall be located well away from
all other equipment, passageways, and combustible parts
of buildings. When of a type containing oil they should be
installed in accérdance with Order 1114.

Order 1191. Proﬁéimis for Disconnecting,

~ (A) Air-break disconnectors. Lightning arresters on

circuits of more than 7,500 volts shall be so arranged, Iso-

lated, and equipped that they may be readily disconneeted
from conductors to which they are connected by air-break
manual disconnectors, having air gaps not less than four
times the equivalent needlé-point sparking distance in air:
of the operating voltage of the circuit to which the ar- -

rest'ers_ are connected, and never lesg than 8 inches. _
The disconnecting devices may be clamps which can be
connected or disconnected while the line is alive. '

These disconnecting devices should be installed at a suf-:

ficient distance from all parts of the arrester equipme
to make it safe to perform maintenance and inspection
work on any part of the arrester. :
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(B) Working space. Such disconnectors, unless re-
motely controlled and operated, shall have the adjacent
working spaces required by Order 1125 for disconnectors
generally.

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 méthods of protective grounding).

Kinks, coils, and sharp bends in the wires between the
arresters and the outdoor lines shall be avoided as far as
possible,

Order 1193. Grounding Frames and Cases of Lightning
Arresters.

All non-current-carrying metal parts of arresters 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 volfage, in accordance with Order 1123.

Order 1194, Guarding Live and Arcing Parts.

(A) Protlection from contdet or aretng. All current-car-
rying parts of arresters on circuits of more than 750 volts,
nless effectively isolated by elevation, shall be adequately
guarded to protect persons from inadvertent contact with
them, or from injury by arcing, in accordance with Order

) Making adfustments. Lightning arresters, unless
provided with disconnectors which are always opened be-
work is done on the arresters, shall be so arranged
at necessary adjustments are possible (without approach
urrent-carrying parts) through the use of permanently
ed mechanisms or suitable insulating appliances.
ere charging or adjusting must be done with arresters
rmanently grounded mechanisms or suitable insu-
ppliances ghall always be provided.
)i Insulation of atiechments. All choke coils, gap
trodes; or other attachments, inherent to the lightning
e équipment, shall have an insulation from the
_or other conductors equal at least to the insulation
ded at other points of the circuit in the station.
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Order 1211. Installation and Maintenance,

All electrical supply and communiecation lines and equip-
ment shall be installed and maintained so as to reduce life
and fire hazards as far as practicable.

PART 2 Order 1212, Accessibility.
_ All parts which must be examined or adjusted during
RULES FOR THE INSTALLATION AND MAINTEN- operation shall be arranged so as to be readily accessible to

ANCE OF OVERHEAD AND UNDERGROUND
ELECTRICAL SUPPLY AND COMMUNI-
CATION LINES

authorized persons by the provision of adequate climbing
spaces, working spaces, working facilities, and clearances
between conductors.

Order 1213, Inspection and Tests of Lines and Equipment.

A. When in Service. 1. Initial Compliance with Rules.
Lines and equipment shall comply with these orders upon
being placed in service. :

2. Inspection. Lines and equipment shall be systemati-
cally inspected from time to time.

3. Tests. Lines and equipment shall be subjected, when
necessary, to tests which will determine their fitness for
gervice,

: 4. Record of Defects. Any defects revealed by inspec-
tion, if not promptly corrected, shall be recorded. '

© 5. Remedying Defects. Defective lines and equipment
- shall be put in good order or effectively disconnected.

B, When Out of Service. 1. Lines Infrequently Used.
Supply lines and equipment infrequently used shall be in-
spected to see that they are in safe condition for service.
.2, Lines Temporarily Out of Service. Lines temporarily
out of Service shall be maintained in such condition that a
hazard will not be created.

8. Lines Permanently Abandoned. Iines permanently
andoned shall be removed. :

SECTION 120. SCOPE OF ORDERS AND GENERAL
STATEMENTS

Order 1200. Scope of Orders.

A. Extent of Application. The orders in thigs part of
the code, namely orders 1200 to 1299 inclusive, apply to all
electrical supply and electrical communication lines in over-
head and underground construction, whether operated in
connection with public utilities, privately or muniecipally
owned, with industrial establishments, or otherwise.

B. Not Complete Specifications. These rules are mnot
complete specifications but are intended to embody the re-
quirements which are most important from the standpoint
of safety to employees and the public.

C. Conformity with Good Practice. Construction should
be made according to accepted good practice for the given

Eocal conditions in all particulars not specified in these Or-
ers.

Order 1201. Minimum Requirements. ' B
] The orders state the minimum reguirements for spac-
ings, clearances, and strength of construction. More am-
ple spacings and clearances or greate_i' strength of construc-

tion may be provided if other requirements are not heg-
lected in so doing. e : :

Note Overhead service drops to consumers are often discon-
ected’ without removal when the service is discontinued. This is
‘gnsidered good practice when it is undesirable to remove the serv-

Isolation, Guarding and Marking.

urrent-corrying Parts. To promote safety to the
neral public and to employees not authorized to approach
nductors: and other current-carrying parts of electrical
34} nes, such parts shall be arranged so as to provide
equate: clearance from the ground or other space gen-
ly accessible, ‘or shall 'be provided with guards so as to
them ' effectively from accidental contact by such

SECTION 121. GENERAL REQUIREMENTS APPLYING TO.
OVERHEAD AND UNDERGROUND LINES '

Order 1210. Design and Construction.

All electrical supply and communication lines and equif}-
ment shall be of suitable design and construction for the
service and conditions under which they are to be operate
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B. Non-current-ecorrying Ports. Ungrounded metal-
sheathed service cables, service conduits, metal fixtures, and

similar non-current-carrying parts, if located in urban dis- -

tricts and where liable to become charged to more than 300
volts to ground, shall ke 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 non-current-carrying parts is permitted by Order
1215B and Order 1280A—4,

C. Marking of Poles Corrying High Voltages. 1. When
poles or structures carrying voltages of 6000 or more are
within 100 feet of any school, within 100 feet of any place
where such line crosses a public highway or within the cor-
porate limits of any city or village, warning signs shall be
l1:31aced on all such poles or supporting struectures of such
ine.

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

3. Because of the difficulty of maintaining stenciled signs
on a creosoted surface, metal signs with the same wording
as gpecified above may be used on poles which are creo-
goted farther than 5 feet above the ground line.

Note: The Railroad Commission of Wisconsin has arranged to

furnish at cost proper stenecils for the marking of poles in compliance
with this order. (See Seetion 196.87 of Laws of 1927)

Order 1215. Grounding of Circuits and Equipment.

A, Methods.. The methods to be used for permanent
grounding for lightning arresters of supply lines, for cir-
cuits, for equipment and for wire raceways are given in the
introduetion.
lightning arresters of communication lines are specified in
Order 1360.05. 2

B. Parts to be Grounded. In urban districts metal con-
duits, cable sheaths, and frames, cases, and hangers of
equipment shall be permanently grounded. ,

Exception 1: This order dees not apply when such parts are
guarded from accidental contact by unauthorized persons.

Exception 2: This order does not apply where such parts are 8

feet or more above the ground.
Exception 3:

sheaths are not exposed to probable contact with circuits of more

The methods to be used for grounding of

This order does not apply to metal conduit and .
cable sheaths inclosing communication conductors, or supply conduct-
ors of not more than 300 volts to ground, provided such conduit and:

than 800 volts to ground.
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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 ecable iz considered to he sufficiently
grounded by the cable sheath, provided such sheath is in good con-
tact with the earth or is connected to a good ground. (For method of
grounding see Introduction.)

C. Use of Ground as Part of Circwit. In urban districts
supply circuits shall not be designed to use the g'I"OU.I’l‘d nor-
mally as the sole conductor for any part of the circuit.

Recommendation: It iz recommended that such use be avoided

in rural districts.

Order 1216. Arrangement of Switches.

A. Accessibility. All switches shall be readily accessible
to authorized persons.

B. Indicating Open or Closed Position. All switches
shall indicate clearly whether they are open or closed.

€. Uniform Position. The handles or control mechan-
ism for all switches throughout any system shall have, 80
far as practicable, the same position when open and a uni-
formly different position when closed, in order to minimlz.e
operating errors. Where it is advisable to depart fron} tl:us
practice, the switches should be marked so as to minimize
‘the liability to mistakes in operation.
ECTION 122. RELATIONS BETWEEN VARIOUS CLASSES
' OF LINES

)rder 1220. Relative Levels.

(A). Standardization of levels. The levels at which dif-
it classes of conductors are to be located should be
fandardized where practicable for any given community
oreement of the utilities concerned.

(B) Relative Levels—Supply and Commaunication Con-
fors. 1. Preferred Levels. Where supply and com-
unication conductors cross each other or are in conflict,
o Tocated on the same poles or towers, the supply con-
. shall preferably be carried at the higher level.

Exception: This does not apply to trolley feeders which may be
for convenience approximately at the level of the trolley con-

ctor.
M I’i_bfiExtensions. In localities where the practice of
onductors of communication circuits for public
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minor extensions may be made in either system, keeping
the conductors in the same relative position. These exten-
sions should not continue beyond a location at which it be-
comes practicable to change to the arrangement standard-
ized by these orders.

3. Special Construction for Supply Cireuits, the Voltage
of which does not exceed 550 Volts, and Carrying Power
not in KExcess of 1,600 Watts when run under Communica-
tion Conductorg. Where all circuits are owned or operated
by one party, or where cooperative consideration deter-
mines that the circumstances warrant and the necessary co-
ordinating methods are employed, supply wires carrying a
voltage not exceeding 440 volts, where practicable, or in
exceptional cases 550 volts between conductors, with trans-
mitted power not in excess of 1,600 watts, when involved in
the joint use of poles with eommunication circuits, may be
installed in accordance with Note d (3) of Table 1 in Order

2324, and Note a of Table 11 in Order 1238A-1, under the
following conditions:

(a) That such supply circuits are of wire having a good
grade of commercial double-braid weatherproof covering
not smaller than No. 8 A. W. G. medium hard-drawn copper
or ity equivalent in strength, and the construction other-
wige conforms with the requirements for supply ecircuits of
the same class,

(b) That the supply circuits be placed on the end and
adjacent ping of the hottom cross arm, and that a climbing

space of at Jleast 30 inches bhe maintained up the pole.

Special precautions shall be taken to render such circuits
conspicuous such as painting a stripe on the cross arm or
using a dlﬁ"erent form of insulator from the others on the
pole line. '

" (¢) That there shall be a vertical clearance of at least 2

feet between the cross arm carrying these supply circuits :

and the next cross arm above. The other ping on the cross
arm carrying the supply cirenit may be occupied by com-

munication conductors used in the operation or control of .

railway or supply apparatus, but not for telegraph or tele-
phone service.

(d) That such supply circuits shall he equipped with

fuses and arresters installed in the supply end of the eir-
cuit., The fuses shall have a capacity not in excess of twice
the maximum operating current value of the circuit they
protect, but need not be less than 7 amperes. The arresters
shall be designed so as to break down at a voltage of a
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proximately twice the voltage between the wires of the cir-
cuit, but which need not be less than 500 volts. Where the
supply circuits are alternating current, fuses shall be in-
stalled in the secondary side of the supply transformer and
ghall be guch as to open the circuit successfully when the
voltage is as great as that of the primary voltage of the
transformer.

(C) Relative Levels—Supply Lines of Different Voltage
Classifications (as Classified in Table 11). 1. At Crossings
or Conflicts. Where supply conductors of different voltage
classifications cross each other or are in conflict, the higher-
voltage lines shall preferably be carried at the higher level.

2. On Poles Used Only by Supply Conductors. Where
supply conductors of different voltage classifications are on
the same poles, relative levels ghould be as follows:

(a) Where all circuits are owned by one utility, the con-
" ductors of higher voltages should generally be placed above
those of lower voltage.

(b) Where different circuits are owned by separate util-
ities, the circuits of each utility may be grouped together
and one group of circuits may be placed above the other
group provided that the circuits in each group are located
0. that those of higher voltage are at the higher levels and
hat either of the following conditions is met:

(1) A vertical spacing of not less than 4 feet (or 6 feet
re required by Table 11, Order 1238A-1), is maintained
ween the nearest line conductors of the respective util-
“(this space to be identified if necessary as a division
ace )

(2) Conductors of a lower voltage cla%qlﬁcatlon are at a
héer level than those of a higher classification only where
posite side of the pole.

er:1221. Avoidance of Conflict and Co-operation to
Av id Hazard.

)i Two parallel pole lineg, either of which carries sup-
“conductors, shall where practicable be so0 separated
n-edch other that neither conflicts with the other. If
practlcable then the COnﬂicting line or lines ghall

' hich may become hazardous. Because of the
nature of the influence it is difficult to define limits
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of voltage, parallelism, ete., 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 serious 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
in conference just what limits of line characteristics, sepa-
ration and parallelism will be allowed without notification
to each other. However in the absence of such an agree-
ment any company before building a line within 500 feet
of the line of other companies shall give notice to all com-
panies having lines within the given distance., Such notices
will give all companies the opportunity to take such steps
for the protection of their property as the law provides.

Order 1222. Joint Use of Poles by Supply and Communi-
cation Cireuits.

A, Advantages. Joint use of poles under suitable condi-
tions and with certain types of circuits offers many advan-
tages and promotes safety.

B. Cooperative Study. Joint use involves contractual
relations between utilities, consideration of service require-
ments, and economics as well as safety. It, therefore, re-
quires cooperative study by the utilities concerned.

C. Conditions Under Which Joint Use is Desirable. In
the case of local or distribution ecircuits along the same
highway or similar right of way, where, under the provi-
siong of section 124 applying to joint use, grade C construe-

tion or less would be required, joint use is generally prefer--
able fo separate pole lines unless the number of conductors
is very large or the character of the circuits makes joint

use undesirable.
Where cirenits other than those mentioned. above are in-

volved, the choice between joint use of poles and separate:
pole lines shall be determined through cooperative consid::

eration, by the utilities concerned, of all the factors i

volved, ineluding the character of circuits, the total numbe_i' ;
and weight of conductors, tree conditions, number and lo-:

cation of branches and service drops, availability of righ
of way, etc. Where such joint use is mutually agreed upon
it shall be subject to the appropriate grade of construction
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as specified in section 124. Where such joint use is not em-
ployed, separate lines as specified in order 1223 shall be
used, |

In any event, joint use is preferable to separate lines
where it would be impracticable to avoid an overbuilt con-
flict with separate lines.

Order 1223. Separate Pole Lines,

Where two separate pole lines are to be used, one of -
which earries supply conductors and the other communica-
tion conductors, they shall be separated, if practicable, so
that neither conflicts with the other, but if within conflict-
ing distance, they shall be separated as far as practicable.

Order 1224. Approval Necessary for Conflicts and Joint
Use of Poles.
In rural digtricts where in accordance with Section 124,

grade A or B construction is required, all projects involving
“joint use of poles by communication or signal circuits with
- “supply circuits or conflicts between communication and sig-

fial lines with supply lines shall be referred to the Railroad

Commission for approval. The request for the approval of

diich a line must have a atatement attached to the éffect that

all utilities and railroads known to be affected have heen
otified of the construction or reconstruction.

Sample blanks will be furnished by the Railroad Commission for
quiests to build joint lines.

SECTION 123. CLEARANCES

er. 1230, General.
. Application. This section covers all clearances in-
olving poles and wires. Clearances of lamps from pole
aces, from spaces accessible to the general public, and
oht above ground are covered in Order 1286E.
Constant-Current Circuits. The clearances for con-
-_current circuits shall be determined on the basis of
nominal full-load voltage.
etal-Sheathed Supply Cables. As far as clearances
concerned, permanently grounded continuous metal-
hed supply cables of all voltages are classified the same
pen supply wires of 0 to 7560 volts.
Muointenance of Clearances. When initial wire sags
increased, due to permanent elongation of wires or
emen of supporting structures, so that the clearances
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or separations have materially decreased, slack should be
taken up.

E. Stafutes. Sections 86.16 and 180.18 of the laws of
1929 give clearanoce requirements.

Order 1231. Horizontal Clearances of Supporting Struc-
tures from Other Objects.

Poles, towers, and other supporting structures and their
guys and braces shall have the following horizontal clear-
ances from other objects. The clearance shall be meagured
between the nearest parts of the objects concerned.

A, From Fire Hydrants, Not less than 38 feet.

Recommendaticn: Where conditions permit, a clearance of not
less than 4 feet is recommended.

B. From Street Corners. Where hydrants are located
at street corners, poles and towers should not be set so far
from the corners as to make necessary the use of flying taps
inaccessible from the poleg,

C. From Curbs. Not less than 6 inches measured to the
street side of the curb if practicable.

. From Ruailroad Tracks. Where railroad tracks are
parallel or crossed by overhead lines, the poles shall, if
practicable, be located not less than 12 feet from the near-
est track rail.

Exception 1: At sidings a clearance of not less than 7 feet may
be allowed, provided sufficient space for a driveway be left where
cars are loaded or unloaded.

Exception 2: Supports for overhead trolley contact conductors
may be located as near their own {rack rail as conditions require.
If very close, however, permanent screens on cars will be necessary
to protect passengers, ‘

Exeception 3: Where necessary
tions which require an uninterrupted view of signals, signs, ete.,
along tracks, the parties concerned shall cocperate in locating poles
to provide the necessary clearance where practicable.

E. Protection from Fires. Poles and towers shall be SO
placed, guarded and maintained as to be exposed as little
as practicable to brush, grass, rubbish or building fires.

Orﬂei‘ 1232... Vertical Clearance of Wires Above Ground or
Rails. . .
The vertical clearance of all wires above ground in gen

erally accessible places or above rails shall be not less than

the following:

to provide safe operating condi-
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TARBLLE 1 *

Minimum Vertical Clearance of Wires Above Ground or Rails

(All voltages are hetwecn wires unless otherwise stated.
include troliey feeders)

Supply wires

Guys; messengers; Trolley contact
eommunicstion | Open supply line wires, are | conductors and
. apan and light~ | wires and service drops | associated span or
Nature of ground or rails underneath | ning protection mesgenger wires(n)
wires Tires;permanensly
grounded con- Excoed-
tinuous metal 15,000 0fo |ing 7560
ghoath cables Oto | 750 to to 750 volts
All voltages 750 15,000 | 50,000 | volts to to
voltg volts volts | ground | ground
WHERE WIRES CROSS OVER
. . Feet Feet Feet Test Feet Feet
Track rails of railroads handling frejght
oars on top of which men are permitted - bET b27 Hh28 80 22 22
" Bireets, alleys or roads in eban or rural
odistrieta. L. . 18 18 20 22 18 20
Driveways toresidencegarages_____.__. 16 10 20 22 18 20
Spaces or ways accessible to pedestrians
onby. cld dis 15 17 elf cl8
WHERE WIRES RUN ALONG
gticets or alleysin urban distriots. . ... 118 18 20 22 18 20
dain rural districts. .. ___________ 4 15 18 20 18 20

FOOTNOTES FOR TABLE 1

 Whiere subways, tunnels, or bridges require it, less clearances sbove ground than requived by Table I may
ped loeally.  The trolley centact conductor should he graded very gradually from the regular construcetion
to the reduced elevation.

_’It‘l_h_m elearance may he reduced to 25 feet where paralleled by trolloy eontact conductor on the same strect,
zhway.

Thm clearance may be reduced as follows; Feet
(1) For communication conductors of eircuits limited to 160 volts to ground and carrying not more

s bhan B0 wabba . e 8

22)_: For condustors of other communiestion circuits. 10

B o uye e 8

his ‘eledrznee may be reduced as follows:

 Bupply wires (excapt trolley cantact wires) Hrnited to 800 volts toground . ... ________________ 12
(2) Supply wires (except trolley contact wires) limited to 150 volts to ground and located at entrances

b e e 10
{#): Whare supply circuits of 560 volts or less, with transmitted power of 1,600 watts or less are ran
long fenced (or otherwise guarded) private rights of way in accordance with the provisions

peeified in Order 1230, B. & . e 10

oy contact conductors for industrinl railways when not along or evossing over roadways may be plased
cighti if suitably guarded.

loaranice from ground is required for anchor guys not erossing streefs, drivewsays, roads, ot pathways
dhior giiys provided with traffie guards and paraileling sidowalk curbs.

jasic: Clearamces. The clearances in Table 1 apply
he following conditions:

empéerature of 60° T, no wind.

Span lengths 0 to 150 feet.

ltage 0 to 50,000 wvolts.

ixed conductor supports.

o1 other conditions see Order 1232B,
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B. Imcreased Clearances. Greater clearances than given
in Table 1, Order 1232A 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.

Exeeption: Trolley contact conductors are exempted from this
rule.

~ {a) General. For spans exceeding 150 feet the clear-
ance ghall be increased by 0.1 foot for each 10 feet of the
excess over 150 feet. See (¢) below.

(b) At Railroad Crossings. Where the clearance of con-
ductors is determined by the presence of railroad or rail-
way tracks in the span, the increase in clearance may be de-
termined by the following:

Where the distance from the nearer crossing support to
the farthest track rail does not exceed 75 feef, no increase
is required.

Where this distance exceeds 75 feet, 0.2 for each 10 feet
of excess. See (¢) below. '

(¢) Maximum Increase in Clearance. The increase in
clearance given by (a) or (b) above need not exceed 2.5
feet provided conductor sags are such that the maximim
tension in the conductor does not exceed the specified per-
centage of its breaking load.

Note: The maximum increase in clearance of 2.5 feet was taken’

from the National Electrical Safety Code. This maximum increase in

clearanes is for heavy loading distriets only, The maximum increase.

for light and medium loading distriets is more.

2. Voltages Exceeding 50,000. For these voltages the!
clearances given in Table 1, Order 1232A shall be increased

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

3. Conductors Supported by Suspension-Type Insulators:

at Crossings over Track Rails. The clearance shall be in

creagsed by such an amount that the values specified in Table:

1, Order 1232A, will be maintained in case of a broken con:
ductor in either adjoining span, if the conductor is su
ported as follows: :

(a) At one support by suspension-type insulators in a
suspended position, and at the other support by insulator:
which are not free to swing (including semistrain-type in
sulators).

(b) At one support by strain insulators and at the othe
support by semistrain-type insulators. B

4, Methods of Avoiding this Increase of Clearance. An;
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of the follow'ing construction methods will avoid the neces-
sBlty3 for the increase in clearance required by Order 1232,

(a) Suspension-type insulators in a suspended position
at both supports.

{b) Semistrain-type insulators at both supports.

(q) Arrangement of insulators so that they are re-
strained from displacement toward the crossing,

C. Supply Pole Wiring ot Underground Risers. Sup-
ply wires connecting to underground systems shall not be
run open closer to the ground than is indicated by Table 2:

TABLE 2

Clearanee Above Ground For Open Supply Wiring

Voltage

Location on pole 0 to 780 750 to More than
15,000 15,000
volts volts

Bide of pole adjacent to vehioular traffic 1 Ff% Fle,gt.

Side of pole not adjacent t¢ vehicular traffic 1? 13

Order 1233. Wire Cressing Clearances,

The ch?arance petWeen any two wires crossing each other
and carried on different supports shall be not less than the
following :

A Basic Clearances. The clearances given in Table 3
below apply under the following conditions:

Teﬁzperaﬁure of 60° F., no wind.
Where the sum of the distances from the point of intersection of

0 crossing wires to the nearer supporting structure of each
not exceed 100 feet. i wpan

Wh__ere the upper conductor or wire has fixed supports.

onductors of lines operating at the voltages iudicated at the
ds:of columns should, in gencral, be installed above those to the
ft_. the table, where a clearance is given in boldface type,
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TAELE 3
Wire Crossing Clearances
(All voltages are between wires exeept for trolley contaet wires where voltages are fo ground)

(The insertion of a given clearance in italics indicates that in general the lines operating at the voltags named
above this clearance should not eross over the lines at the voltage to the left of the clearance in italics)

Guys, mes-
sengery,

Open supply wires 0 to] Open supply wires
750 volts and perman-| and service drops

ently grounded contin- span wires,

Nature of wires crossed over Communi-{ nous-metel-sheath sup- lightning
cation ply cables of all voli- protection

wires ages wires(a)

7,500 to
50,000
volta:

7,500
volts

Line Service
drops

Feet

Feet

Communrication, including eables
and TIeISENgers aoa o\ .. euon b2 ed 2 4 i b2

Supply cables having permanently
grounded continuous metal sheath,
allvoltages. . ... 4 2 2 2 4

[}

Open supply wires:

00760 volts. oo 4 2 2 2 4 2

750 ta 7,500 volts. . __ 4 2 4 2 4 4

7,800 to 50,000 volts § 4 [ 4 3 4

Trolley Contact eonduetors . ____. d4 dé d4 6 6 dd
Guys, messengers, span wires, light-
ning-protection wives, servicedrops

Oto 750 volba oo b2 2 2 [ 4 b2

FOOTNOTES FOR TABLE 3

a. Completely insulated seetions of guys attached to supporting struetures having no conductor of more than
7,500 volts may have less than this ciearance from each other. .
b. ‘I'he clearanee of communieation eonductors and their guy span, and messenger wives from each uthcrlm
locations where no other classes of conductors are invelved may be reduced by mutual consent of the parties
concerned, subject to the approval of the roguiatory body having jurisdiction, exvept for five-ularm wires and
wires ysed in the operation of railroads, or where one set of conductors is for public use and the other used in the
operation of supply systems. :
¢.. A clearance of 2 feeb may be permitted where the supply eonductor is above the communieation eonductor,
provided the crossing is not within 6 feet frem any pole concerned in the crossing and the voltage te ground
does not exceed 300 volts. .
d. Troliey-contact conductors of more than 750 volts should have ab least 8 feet clearance. Thia clearance
ghould also ba provided over lower-voltage trolley-contact condictors unless the crossaver eonductors are be-
yond reach of o trolley pole lenving the trolley-contact conductor or are suitably protected against damnge
from trolley poleslegving the trolley-contact conductor. e
0. Trolley feeders are exempt from this clearance requirement for trolley-contact conductors if they are of the -
sarne nominal voltage and of the same system.

B. Inereased Clearances. Greater clearances than given .
in Table 3, Order 1233 A, shall be provided under the fol-
lowing conditions:

The increases required in 1, 2 and 3 below are cumulative
where more than one applies.

1. Where the Sum of the Distances from the Nearer Sup-
porting Structure of Each Span to the Point of Intersectio
Exceeds 100 Feet. o

Under this condition the clearances given in Table 3, Or:
der 1233 A, shall be increased by 0.1 foot for each 10 feet
of the excess over 100 feet. This increase need not exceed
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2.5 feet when the sag of the upper conductor iz such that
the maximum stress in that conductor will not exceed the
gpecified percentage of its ultimate stress.

Note: The maximum inerease in elearance of 2.5 feet was taken
from the National Electrical Safety Code. This maximum increase in
clearance ig for heavy loading districts only. The maximum increase
for light and medium leading districts is more.

2. Voltages Exceeding 50,000, For these voltages the
clearances given in Table 3, Order 1233A, shall be increased
at the rate of 0.5 inch for each 1,000 volts of the excess.

3. Conduectors Supported by Suspension-Type Insulators
at Crossings over Communication Wires. For such con-
ductors the clearance shall be increased by such an amount
that the values specified in Table 8, Grder 1233A, will be
maintained in case of a broken conductor in either adjacent
span, provided such conductor is supported as follows:

(a) At one support by suspension-type ingulatorg in a
guspended position, and at the other support by insulators
not free to swing (including semistrain-type insulators).

(b) At one support by a strain insulator, and at the oth-

er support by a semistrain-type insulator.

4. Methods of Avoiding this Increase of Clearance, Any

‘of the following construction methods will avoid the neces-

sity for the increase in clearance required by Order 1233,
B, 3.

-(a) Suspension-type insulators in a suspended position
t.both supports.

‘(b) Semistrain-type insulators at both supports.

‘(¢) Arrangement of insulators so that they are re-
strained from displacement toward the crossing.

Order 1234. Clearances of Conductors of One Line From
Other Conductors and Structures.

i Clearances from Conductors of Another Line. The
arahce in any direction between any conductor of one
ine and any conductor of a second and conflicting line shall
not, less than the largest value required by 1, 2, or 3 be-
at 60° F. and no wind.

“Four feet.

The values required by Order 1235, A, 2, (a) (1) or
Tor'separation between conductors on the same support.
‘The apparent sag of the conductor having the greater
plug 0.2 inch per kilovolt of the highest voltage con-
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B. Clearances from Supporting Structures of Another
Line. Conductors of any line passing near a pole or simi-
lar supporting structure of a second line without being at-
tached thereto, shall have clearances from any part of such
structure not less than the larger value required by either
1 or 2 below at 60° F. and no wind.

1. Three feet if practicable.

2. The values required by Order 1235, A, 2, (a) (1) and
(2) for separation between similar conductors on the same
support, increased by 1 inch for each 2 feet of the distance
from the supporting structure of the second line to the
nearest supporting structure of the first Iine.

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

C. Clearances from Buildings. 1. General, Conductors
shall be arranged and maintained so as to hamper and en-
danger firemen as little ag possible in the performance of
their duties.

2. Ladder Space. Where buildings exceed three stories
(or 50 feet)} in height, overhead lines should be arranged
where practicable so that a clear space or zone at least 6
feet wide will be left, either adjacent to the building or be-
ginning not over 8 feet from the building to facilitate the
raising of ladders where necessary for fire fighting.

Exception: This requirement does not apply where it i the un-
varying rule of the local fire departments to exclude the use of lad-
ders in alleys or other restricted places which are generally oceupied
by supply lines.

3. Open Supply Conductors Atffached to DBuildings.
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 300 volts shall not come
closer to any building or its attachments (balconies, plat-

forms, ete.) than listed below.
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(1) Spans 0 to 150 feet.

TARLE 4

Clearances of Supply Conductors from Buildings

Voltage of supply conductors Horizontal clearances Verticu! clearance

TFeet. Feat
300to T,500.. . ______.. 3 . 8
7,500 to 15,000__ . ___ 8 3

10

15,000 ta 50,000 ___.____ i ]
10 plus 0.5 _mch per kv. in execess

_ o oI0”
Exoeeding 50,000 - ..__...._.. | 10 plug 0.5 inch per kv. in excess

Note: See Order 1804.02 b, for Jower voltages.
(2) Spans Exceeding 150 Feet.
Where span lengths exceed 150 feet, the increased clear-
ances required by Order 1232, B, 1, shall be provided.

Exception: These increased clearances are not required where the
voltage of the supply eonduetors is from 300 to 7,500 volts.

(b) Crossing Roofs.

Supply conductors exceeding 7,500 volts ghould not be
carried over buildings not concerned in the operation of the
utility owning them, if this can be avoided.

When it is necessary to attach wires to the roofs of build-
ings, the supporting structure shall be of substantial con-
struction. Wherever feasible, wires crossing over buiid-
ings shall be supported on structures which are independ-
‘ent of the buildings crossed over.:

(¢c) Guarding of Supply Conductors.
Supply conductors of 300 volts or more shall be properly
uarded by grounded conduit, barriers, or otherwise, under
he following conditions:

(1) Where the clearances set forth in Table 4, Order
1234, C, 4, (a), (1), can not be cbtained.
{2) Where such supply conductors are placed near

h to windows, verandas, fire escapes, or other ordi-
rily accessible places, to be exposed to contact by persons.

N é: Supply conductors in grounded metal-sheathed cable are
isidered to be guarded within the meaning of this rule.

D. Clearances from Bridges. 1. Clearances of Conduct-
rorm Bridges. Supply conductors, not installed in
aunded conduit or metal-sheath cable, which pass under,
o near a bridge shall have clearances therefrom not

ess than given in Table 5.
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TABLE &5

Clearances from Bridges

Readily accessible portions {other than{From ordinarily inaccessible portions

traveled ways(a)) of ayy bridgs,| {b)of bridges {other than brick, zon-
Operating voltages including wing walls or bridee at-| crete, or masoury} and from abut-
. tachments ments

For conducters | For conductors | For conduetors | Fer condustors
attached to not attached attached to not attached
bridge (e} te bridge bridge(e) to bridge(d)

Feet Feet Feet Feut

010 2,500 0.5 3.0

Over 2,500 to §,000_

Over 5,000 to 7,500 _
Over 7,500 to 15,000,
Over 15,000 to 25,000,
Over 25,000 to 35,000

Crver 35,000 to 50,000,

B i = G oo ol
oo oo

s

(a) Whera over traveled ways on or near bridges the clearances of Order 1232 apply.

(b} Bridge seats of steel bridges oarried on masonry, brick, or conerete abatments which require frequent
aesess for inspeetion shall be eomsidered ag readily aceessible portions.

(¢} Conducters should have clearance not less than given in this golumn, where practicable,

(d) Conduetors should have the clearances given in this column increased as much a9 practicable.

2. Guarding Trolley Contact Conductors Located Under
Bridges.- (a) Where Guarding is Required. Guarding is
required where the trolley contact conductor is located so
that a trolley pole leaving the conductor can make simul-
taneous contact between it and the bridge structure,

{b) Nature of Guarding. Guarding shall congist of z
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 BRetween 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 insulatorgs or messetigers, 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 Supported 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.
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(¢) Measurement of Clearances. The clearances and
separations stated may be measured from the center of the

" supporting insulator instead of from the conductor itself.

2. Horizontal 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.

Exception 1: The pin spacing at buckarm construction may be re-
duced as specified in Order 1236, F, to provide climbing space.

Exception 2: The pin spacing at bridge fixtures may be reduced
as specified in Order 1235, C. .

Exeeption 3: Grades D, E, and N need meet ;0111'5:' the require-
ments of (1) below. ) Jon

(1) Minimum Horizontal Separation Between Line Con-
ductors of the Same or Different Circuits. Separations
shall be not less than given in Table 6.

TABLE 6

Minimum Horvizontal Separation at Supporis Between Line Conductors
of the Same or Different Circuits

Class of eireuit Separation Notes

: Inches
ommunication conductors 6 Preferable minimum. Does not spply at
: conductor transposition points.

Permitted where pin spacings less than 6
inches have been in regular uze. Does not
apply et conductor tronapodition points.

ilway feeders,
to T8¢ volts, Ne. 4 /0 or larger

to 750 volts, smalter than No. 4 /0

Where 10 to 12 inch separation has already
= heen established by practice, it may be
50 volts to 7,500 volte continued, subject to the provisions of
Order 1235, A, 2, (a), (2), for spans having
apparent Bags not over 3 feet and for volt-
agzes nob exceeding 7,500.

pply conductors ¢ te 7,600 volts

canductors of more than 7,500 volts
rench 1,006 volts in excess of 7,500

) Separations According to Sags. The separation at
pports of conductors of the same or different circuits
grades A; B, or C shall in no case be less than the values
by the following formulas, at 60° ¥., without wind.
quirements of Order 1235, A, 2, (a), 1, apply if they

. greater separation than this rule.
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For line conductors smaller than No. 2. A, W. G.:

r’§ 3
Separation=—10.3 inch per kilovolt+7\/3 T
For line conductors of No. 2. A. W. G. or larger:

»
Separation =10.3 inch per kilovolt 4+ 8\/IQ

where S is the apparent sag in inches of the conductor
having the greater sag, and the separation is in inches.

TABLE 7

Separittion in Inches Regquired ftor Line Condnetors Smaller Than
No. 2 A, W, &G, with Sags of 36 Inches or More

Bap (in inches)
Voltages

[
Loom bono
O &2 b B B BS b b2
PLROD RN oS
ot momo
e e O 20 [l ]
e i

Bhes BEER
==~ [ g =g L)

TABLLEE 8

Separation in Imches Regquired for Line Conduetors of Size No. 2
A, W, G. or Larger with Sags of 36 inclhes or more

g (in incheg)
Voltages

36.0
36.5
338.0
39.5

42.5
45.5
49.9
55.5

(b) Suspension Insulators not Restrained from Move-
ment. Where suspension insulators are used and are not
restrained from' movement, the conductor separation sghall
be increased so that one string of line insulators may swing
transversely through an angle of 45° from a vertical posi=:
tion without reducing the values given in (a) above.

" Lightning protection wires parallel toline (b) {2} (h)
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3. Clearances in any Direction from Line Conductors to
Supports, 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.

TABDLE 9

Minimum Clearance in Any Direction from Line Conductors ito Supports,
and to Vertieal or Lateral Conductors, Epan or Guy Wire,
Attached to the Same Snpport

Communication lines Supply lines

0 te 7,500 volts | Exceeding
- 7,500 volts
Clearanee of line conductors from— . On jointly On jointly |addforsach
In used In used 1,000
general poles general poles volts of
exCess

Vertical and Lateral conductors. Inches Inches Tnches Inches Inches
Of samne circuit.., . 3 3 3 3 0.2
Of other circuits... 3 3 6 § 4

Span and guy wires ati
General. . _._______ 3 ab 4 [ A
‘When parallel o line (b [{5)] (b) (h} .4

.4

: Surfaces of cross arms. .. _.._ m e mnn [} o3 3 .25

Surfaces of poles. cd ch 3 .25

a. If practicahte.

b. Clearanceshall not beless than the separation required by Table 8 or Order 1235, 4, 2, (&) (2} between fwo
ne condustors of the voltage concerned.

0, Communication conductors may be attached to supports on the sides or bottoms of eress arms or surfaces
f poles if at least 40 inches from any supply line of less than 7,600 volts and at least 80 inches from any supply

of mora than 7,600 volts carried on the same pole.

: di. This clearance applies only fo supply conductors earried on cress arms below communicatien conductors
o o]ilut poles, YWhere supply conduetors sre above communication econductors the clesrance shall be at least
 inches. .

b) Suspension Insulators not Restrained From Move-
ent. Where suspension insulators are used and are not
strained from movement, the conductor clearances from
urfaces of supports, from span or guy wires, or from ver-
cal or lateral conductors shall be such that the values of
sarances required by (a) above will be maintained with
iinsulator swing of 45° from the vertical position.

4. Conductor Separation——Vertical Racks. Line Con-
tors or cables may be carried on vertical racks on one
de of the pole if all the following conditions are met.
a).The voltage of conductors shall be not more than
ts, except that cables having permanently grounded
inuous metal sheath may carry any voltage.
). Conductors shall be of the same material or ma-

With 4 4 inch vertical separation the spans should
ge not. more than 1560 feet. With an 8 or 12 inch sep-
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aration the span length sho
e respectivgcy. uld not average more than 200

(Seé Table 9, Order 1285, A, 8, for necessary clearances
from pole surfaces and Order 1286, G, 1, for method of
providing elimbing space.) ,

6. Separation Between Supply Conductors of Different
Voltage Clagsifications on the Same Cross Arm. Supply
Conductors of any one voltage classification as given in
Table 11, Or.der 1238, A, 1, may be maintained on the same
Cross arm with supply lines of the nexi consecutive voltage
classification only under the following conditions:
pOl(ea.) If they occupy pin positions on opposite sides of the

(b) If in bridge-arm or side-arm construction ¢
igga?atgdf ]oyt?1 di}flsta}zllce of not less than the climbiflgeirpzﬁz

uired for the hi rovi g
e e gher voltage concerned and provided for

.(c) If the higher-voltage conductors occu 1 q
bin pos_itions and the lower-voltage COIldUCtOI;'yS t}?g ;)r?rjltgi'
pin positions,

' (d)_ If series lighting or similar circuits, which are or-
dinarily dead during periods of work on or above the cross
arm concerned, occupy the inner pin position and the lower-
voltage conductors cccupy the outer pin position,

(e). If the two lines concerned are communication lines
used in the operation of supply lines, and supply lines of
less :cha_n 7,600 velts, and are owned by the same utility
provided they are installed as in (a) or (b) above. ’
] B. Separotion Between Conductors Attached to Build-
ings. Separation of wires from each other shall not he less
than those required in Table 6, Order 1235, A, 2, (a), (1)
for separation of conductors from each other at supp(;rts. ,

Exception: Conductors on vertical racks meeti i
eting the require-
ments of Order 1235, A, 4, may have a separation of 4 inches. B

C. Separation Belween Conductors Attached to Bridges
Supply cqnductors attached to bridges and supported a,t-
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, 8, (a), or less than the follow- -

ing:

Span Length 8 tiom 1 :
0 to 20 feet epara 6011 inches
20 to 50 feet g
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Order 1236. Climbing Space. »

A. Location and Dimensions. 1. A climbing space hav-
ing the horizontal dimensions specified in Order 1236, E,
ghall be provided past any conductors, cross arms, or other
parts.

2 The climbing space need be provided on ome side or
corner of the pole only.

3. The climbing space shall extend vertically past any
conductor or other part between levels above and below the
conductor as specified in Order 1236, E, F, G, and I, but
may otherwise be shifted from any side or corner of the
pole to any other side or corner.

B. Portions of Supporting Structures in Climbing Space.
Portions of the pole or structure when included in one side
or corner of the climbing space at buck or reverse-arm con-
struction are not considered to ohstruct the elimbing space.

Q. Cross Avm Location Relotive to Climbing Space.

Recommendation: Cross arms should be located on the same side

of the pole.
Exception: This recommendation does not apply where double
crose arms ave used on any pole or where e¢rogg arms on any pole are

not all parallel,

D. Location of Supply Apvoratus Relgtive to Climbing
Space. Transformers, regulators, lightning arresters, and
switches when located below conductors or other attach-
‘ments shall be mounted outside of the climbing space.

E. Climbing Space through Conductors On. Cross Arms.
1. Conductors of Same Voltage Classification on Same Cross
‘Arm. Climbing space between conductors shall be of the
‘horizontal dimensions specified in Table 10, {Order 1236,
‘B, 3), and shall be provided both along and across the line,

nd shall be projected vertically not less than 4 feet above
“and below the limiting conductors. Where communication

onductors are above supply conductors of more than 7,500
volts, the climbing space shall be projected vertically at

cast, 6 feet above the highest supply conductor.

Yixcéption: This Order does not apply if it iz the unvarying

tiapiice of the employers concerned to prohibit employess from as-

tding beyond the conductors of the given line, unless the line is

Conductors of Different Voltage Classifications on the
16 Cross Arm. The climbing space shall be that re-
‘ed by Table 10, (Order 1236, E, 3) for the highest volt-
“of ‘any conductor bounding the climbing space.
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3. Horizontal Climbing Space Dimensions.

TARBLI 10
Minimum Horizontal IMmensions of CGlimbing Space

Horizontal dimensions of elimbin; i
g space {inch
Character of conduct~ Veltage of eondustors I e

s amacter of conduct- On poles used solely by— On jointly used poles

ing space

duetors a- | tion
i con-
gummumea- Bupply con- | bove commu-|  ductors
lontcondue- duetors nication | above sup-
org cenductors ly con-
ustors a

To ground

Supply cen- | Communiea-

Communiestion eon- 040 150

dustors Norequire- o

- .
0 red No require-

ment

Exceedin, -
oo 2 24 recern: {h)

recom 24 recorn-

mended

Less th
Supply conduetors. 300 o i
30
30

300 to

45 36
Exceceding More tha M
15,000 ¢ 38 * grgéhau

Maore than
¢ 36

a. This relation of levels is not, in i
“his relati , in general, desirable aud should be svol
E. ':IV]?J(:; g imbing Space shall ho the same as required for tho supply iﬁgﬁdﬁ&a immediately ab
. ¢ practicable. Agtention is called to the opersting requirements of Order 1423 e aoove.

F. Climbing Space on Buckerm Constmc ]
width of'climbing space shall be maintaingéoﬁh bTu}::iaf;lIg
cpnstructlon and shall extend vertically in the same posi-
tion at least 4 feet (or 6 feet where required by Order 1286
K, 1), above and below any limiting conductor. ’

Met-hod of providing Climbing Space on Buckarm Con-
struction. With circuits of less than 7,500 volts and span
!engths not gxceeding 150 feet and sags not exceediné1 15
1nphes for wires of No. 2 and larger sizes, or 30 inches for
W1re§-smaller than No. 2, a gix-pin cross arm having pin
spacing of 1414 inches may be used to provide a 30-inch
climbing space on one corner of a junction pole by omittin
the pole pins on all arms, and inserting pins midway beg-
!:Ween the rt.amaming pins so as to give a spacing of T1/
1nche_s, p_rowded that each conductor on the end of everé
arm is tied to the same side of its insulator, and that thsé
spacing on 1§he next pole is not less than 1414 inches.

G. Clzmb_mg Space for Longitudinel Runs. 1. General
The .qu_ width of climbing space shall be provided pas’é
longlf,udlnal 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
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of climbing space shall be measgured from the longitudinal
run concerned.

Exception: If a supply longitudinal run is placed on
the side or corner of the pole where climbing space is pro-
vided, the width of climbing space shall be measured hori-
zontally from the center of the pole to the nearest supply
conductors on cross arms, under the following conditions:

Where the longitudinal run consists of open supply con-
ductors carrying not more than 7 50 volts or of permanently
grounded continuous metal-sheathed supply cable carrying
any voltage, and is supported cloge to the pole as by brack-
ets, racks, or pins close to the pole, and

Where the nearest supply conductors on cross arms are
parallel to and on the same side of the pole as the longi-
tudinal run and within 4 feet above or below the run.

2 Protection of Longitudinal Rumns. It a longitudinal
run ig located between points 2 feet and 6 feet below supply
line conductors carriet omn cross Arms, it shall be protected
by a suitable guard arm securely fastened to the pole, or
by substantial insulating conduit. Such protection shall
extend to the following distances from the pole center:

Inches

Longitudinal runs in general
Longitudinal runs of grounded metal-
From metal supports attached to the pole

H. Climbing Space Past Vertical Conductors. Vertical
runs incased in suitable conduit or other protective cover-
ing and securely attached to the surface of the pole or struc-
ture are not considered to obstruct the climbing space.

1. Climbing Spoace newr Ridge-Pin Conductors. The
climbing space specified in Order 1236, E, 3, shall be pro-

“vided above the top crogs arm and past the ridge-pin con-

_ductor.

Exception: Where 2 single cross arm carrying only two conduet-
‘ors is mounted so that the conductors are 2 feet below a single ridge-
pin eonductor, the climbing space speecified in Order 1236, E, 8, shall
‘b carried up to the ridge-pin conductor, but need not be carried
st it. _
rder 1237. Lateral Working Space.
_ Location of Working Spaces. Working spaces ghall
‘be provided on the climbing face of the pole at each side of
he climbing space.
. Dimensions of Working Spaces. 1. Along the Cross
rm. The working space shall extend from the climbing
apace to the outmost pin position on the cross arm.
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2. Perpendicular to the Cross Arm. The workin

sohraél(larhélxggfith}je] )sam;hdimension as the elimbing spa%esr()zgg
y . is di i
tho faco of the o arm-mensmn shall be measured from

3. Vertically. The working space shall have a hei

;ersastitélanfﬂilgt requ&'red by Order 1238 for the ver’glcga}lltsggf
1 of line conductors carri i
S of I rried at different levels on the

C. Location of Vertical and Lateral Conductors Relativ
to Working Spaces. The working spaces shall not be tgl}f
structed by vertical or lateral conductors. Such conduct-
ors sh.all _be lo_cated on the opposite side of the pole from
t}.le climbing side or on the climbing side of the pole at a
dlsta-nce.from the cross arms at least as great as the width
of climbing space required for the highest-voltage conduct-
ors concerned. Vertical conductors inclosed in suitable con-
duit may be attached on the climbing side of the pole.

D. Location of Buck Arms Relative to Working Spaces.

E.»uck arms may be used under any of the following condi-
tions, provided the climbing space is maintained. Climbing
space may be obtained ag in Order 1236, F.
_ 1. Standard Height of Working Space. Lateral work-
g space of the height required by Table 11, (Order 1238
}.&, 1) may be provided between the buck arms and adjacent’
line arms to which conductors on the buck arms are not
attached.

.Method o_f meeting requirements. This may be accom-
pllshed_by Increasing the spacing between the line cross
arm gains, : s

2. Redchd Height' of Working Space. Where no cir-
cuits exceeding 7,500 volts between conductors are involved
and tht_e clqarances of Orders 1235, A, 2, (a), (1) and (2),
are _malntalned, buck arms may be placed between line arms
having normal spacing, even though such buck arms ob-
struct the normal working space; provided that a working
space of not lesg than 18 inches in height is maintained
either above or below each line arm and each buck arm.

Order 1238. Vertical Separation Between Line Conduct-
ors, Cables, and Equipment Located at Different Levels
on the Same Pole or Structure,

All line conductors, cables. or equipment located at dif-
ferept levels on the sameé pole or structure shall have the
vertical ‘separations set forth helow.
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A. Vertical Separations Between Horizontal Cross Arms.
Cross arms supporting line conductors shall be spaced in

accordance with Table 11.

1. Basic Separations. The separations given in the fol-
lowing table are for cross arms carrying conductors of 0
to 50,000 volts attached to fixed supports.

TARLE 11

Vertical Separation of Cross Arms Carrying Conductors

Supply conductors; preferably at higher levels

0 to 750 volta 15,000 to 50,000 volte

Conductors ususlly at lower levels and perman- | 750 to 7,500 to
ently grounded | 7,500 15,600 Same Different
conginuous volts volts utility utilitiea
metal-sheath
cables of all
valtages

Commurdeation conductors:
(General

Supply conductors:
910 750 volts

750 volts to 7,500 volts

7,500 volta to 15,000 volts—
{ worked on alive with long-handled
tools, and adjmeent eircuits are ncither
killed nor covered with shields or protec-|

If not worked on alive except whon ad-
iacent eircuits (either above or below) are
Killed or covered by shields or protectors,
or by the uss of long-handled taols not re-
quiring linemen to go between live wires

irceeding 15,000 volis, but not exeeeding
! §0,000 volts

“a. When supply sireuits of 550 volts or less, with fransmitted pewer of 1,600 watts or less, are run below com
unioation eireuits in aceordance with Order 1220, BB, 3 the clearance may be reduced to 2 feef.
b, In localities where the practice has been cstablished of placing on jointly used poles, oross arms carrying
pli circuits of less than 200 volts to ground and cross arms earrying communication civeuits at a vertical
epatation less than specified in the table, such existing construction sy be continucd until fhe said poles are
epliced provided that—
- Tlie minimum seporation between existing cross arms is not less than 2 feet, and that—
- Extensions to the existing construction shall eonform to the clearance requirements specified in Table 11.
Wlién communication conductors are all in eable, a supply cross arm cacrying only wires of not more than 300
olta to ground may bo placed at not less than 2 feet above the point of attachment of the cable to the pole
roiided that—
d_izg nearest supply wire on such cross arm shall be ut least 30 inches horizontally from the conter of tha pole.
aid that—
ke eable ke placed 5o as not otherwise to obstriet the climbing space.
% T'his shalf be increased to 4 feet when the communication eonduetors arc carried abave supply eonductors
€8s the communication-line conductor gize 1s that required for grade C supply lines.
'Whers conductors are operated by different utilities, 2 minimum vertical spacing of 4 [eet is vecommended.
hiess values do not apply to adiacent eross aring carrying phascs of the same cirsuit or circuits.

2. Increased Separations for Voltages Exceeding 50,000.
or.voltages greater than 50,000, the clearances of Table 11
shall be increased at the rate of 0.4 inch per 1,000 volts of
he excess.
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. B. Vertical Separation Between Line Conductors on Hor-
zzontwl. Cross Arms. Where line conductors are supported
on horizontal cross arms spaced as required in Order 1238,
A the vertical separation between such conductors shall be
not less than the following:

1. Where Conductors on the Cross Arm are of the Same
Voltage Classification. Under these conditions, the vertical

geparation required by Table 11 may be reduced as follows:
‘Where cross arm

separation required
by Table 11 is

Separation between
conductors may
be reduced to

2 ﬁeet ______________________________________ 16 inches
et e e 40 inches
6 feet 60 inches

2. Where Conductors of Different Voltage Classifications
are on Same Cross Arm. TUnder these conditions, the verti-
cal separation between conductors on adjacent cross arms
shall be that required by Table 11 (Order 1238 A, 1) above
for the highest voltage classification concerned.

3. Conductors of Different Sags on Same Support. (a)
Variation in Clearance. Line conductors supported at dif-
ferent levels on the same structure and strung to different
sags shall have vertical spacings at the supporting struc-
t;ures so adjusted that the minimum spacing at any point
in the span, at 60° F. with no wind, shall not be reduced
more than 25 per cent from that required at the supports
by Orders 1235, A, 2, (a), (1) and {2) and this rule,

{(b) Readjustment of Sags. Sags should be readjusted
when necessary to accomplish the foregoing, but not re-
duced sufficiently to conilict with the requirements of Or-
dgr 1261, F, 4. In cases. where conductors of different
sizes are strung to the same sag for the sake of appearance
or to maintain unreduced clearance throughout storms, the
cho_sen sag should be such as will keep the smallest conduct-
or involved in compliance with the sag requirements of Or-
der 1261, F, 4.

_C. Separation in Any Divection. The separation in any
direction between conductors of the same or different vol-
tage classification when carried on the same structure, but
on cross arms which are not horizontal, shall not be less
than the values given in Table 11 (Order 1238, A, 1 and 2)
tor vertical separation.

The separation in any direction shall not in any case be
less than the horizontal separation specified in Order 1235,
A, 2, (a), (1) and (2).
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D. Vertical Separation for Line Conductors Not Carried
on Cross Arms. The vertical separation between conduct-
ors not carried on cross arms shall be the same as required
in Order 1238, A, 1 and 2 for cross arms,

Exception: Conductors on vertical racks may have a vertical sep-
aration of 4 inches under the conditions speeified in Order 1285, A, 4

E. Vertical Separation Between Conductors and Non-
current-Corrying Metal Parts of Equipment. For the pur-
pose of measuring these separations metal supports for
conductors are considered as non-current-carrying metal
parts of equipment.

1. Between Supply Conductors and Communication
Equipment. The vertical separations specified in Table 11
(Order 1238, A, 1) as 4 feet, may be reduced to 40 inches
where the voltage of the supply conductors does not exceed
750, or where supply conductors of any voltage are in per-
manently grounded continuous-metal-sheath cable.

2 Between Communication Conductors and Supply
Equipment. The vertical separations gpecified in Table 11
(Order 1238, A, 1) as 4 and 6 feet, may be reduced to 40
inches and 60 inches, respectively.

3. Between Supply and Communication Equipment.
(a) General. The vertical separation specified in Table 11
~ (Order 1238, A, 1) as 4 and 6 feet, may be reduced to 40

inches and 60 inches, respectively.
 (b) 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-
unication equipment set forth below.

rom cross arms carrying eommunieation conductors.___ - 2 feet
From messenger wires earrying communication eables. . 1 foot
om terminal box of communication cables, if practieable____ 1 foot

“Rxception: Where it is not practicable to obtain a clearance of 1
“foot from terminal boxes of communication cables, all metal parts of
“rininals shall have the greatest practicable separation from fixtures
¥ §pan wires, including all supporting screws and bolts of hoth at-
achments,

“Supply Cross-Arm Braces Considered as Equipment.
here supply cross-arm braces are less than 1 inch from
ransformer cases or hangers, the vertical separation from
ommunication equipment shall be measured from the near-
vart of this supply equipment, including the cross-arm

Tac .
F. Vertical Separation Between Communication Con-
netors Corried at Different Levels on Roilroad Crossing
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Poles. At crossings of communication lines over railroads,
the vertical clearance between conductors supported on the
same pole or structure and at different levels shall in no
case be iess than 12 inches and preferably shall be 24 inches.

Exception: Transpositions are excepted.

Order 1239. Clearances of Vertical and Lateral Conduct-
ors from Other Wires and Surfaces on the Same Sup-
port.

Vertical and lateral conductors shall have the clearances
and separations required by this rule from other conduct-
ors, wires, or surfaces on the same support.

Exeeption 1: This Order does not prehibit the placing of supply
eircuits of the same or next voltage classification in the same iron
pipe, if each circuit or set of wires be inclosed in a metal sheath.

Exception 2: This Order does not prohibit the placing of pairved
communication conductors in rings attached directly to the pole or
to suspension strand. ‘

A. Lociation of Vertieal or Lateral Conductors Relative
to Climbing Spaces, Working Spoces, and Pole Steps. Ver-
tical 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
the safe use of existing pole steps.

Exception 1: This Order does not apply to portiong of the pole
which workmen do not ascend while the conductors in question are
alive, . . -

Exception 2: This Order does not apply to vertical runs incased
in suitable conduit or other protective covering, (See Order 1236,
II.)

_ B. Conductors not in Conduit. Conductors not incased
in conduit shall have the same clearances from conduits as
from other surfaces of structures.

C. Mechanical Protection near 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 insulating mate-
rial giving equivalent protection.

Exeception 1: This covering may be omitted for armored cables
or cableg installed in a grounded metal conduit.

Exception 2: This covering may be omitted for lead-sheathed
cables in rural districts.
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Exception 3: This covering may be omitfed for communication
cirenits on private fenced rights of way in the case of eonductors or
cables from underground systems, ) .

Exception 4: This covering may be omitted for grnunfimg: wires
having triple-braid weather-proof covering, in rural dls.trmts‘ or
where such grounding wire is one of a number of grounding wires
used to provide multiple grounds.

D. Requirements for Vertical and Lateral Supply Con-
ductors on Supply Line Poles or Within Supply Spuce on
Jointly Used Poles. 1. General Clearances. In genera‘,l,
clearances shall be not less than the values specified in
Table 12,

TARLE 12

Clearances {in inches) for high-
est voltage concerned in the
clearance

Clearance of vertical and lateral conductors e

7,500 volts (add
¢ to 7,500 the following

volts for each 1,000
in cxcess)

6.25
4

From surfaces of supports

TFrom gpan, guy or Inessenger wires

From line conduetors rigidly supported on fixed supports, such eonductors
- being of— 2
Same cireuit .

Different cirenits 4

Tirom line conductors not rigidly supported on fixed supports {a)

i The clearances shall be increased beyond the values given above from line gonductors on fized supporta
ee Order 1235, A, 2, (b), and 3, (b) ).

2. Special Cases. The following apply only to portiol_ls
of a pole which workmen ascend while the conductors In

éstion are alive,

2) Vertical conductors of not more than 7,500 volts
hall clear pole centers by not less than 15 inches for a dis-

fafice of not less than 4 feet above and below any open sup-
ply:line conductors which are not of more than 7,600 volts

| the latter are carried on or within 4 feet from the
pole.” If the vertical conductorsg are of more than 7,500

olts, this clearance shall be at least 20 inches. If the sup-
v conductors are of more than 7,600 volts, the clearance
from the pole center shall apply for a distance of not less
than 6 feet above and below, except as noted in (b), (e),
nd: (d), below. - _
(b) Vertical and lateral supply conductors, 1nclu‘dmg
rounding wires which are inclosed in ingulated conduit or

1etal conduit or cable protected by an insulating cover-
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ing (or wood molding if wire be used having triple-brai
Weather—proof covering), whenever within 4gfeetp§% b;.;elﬂ
supply wires of less than 7,500 volts or within 6 feet from
E}]gl);rll f}tllpplly wires of more than 7,500 volis may have less

e clearances specified in

vided in (o) and () below. ) 2POVe except as pro-

(¢) Yertic.al conductors in metal-sheathed cables and
groundlng wires may be run without the insulating protec-
tion spemﬁefi in (b) above when installed on poles used only
fpr supply lines and employing side-arm construction, if the
Ilne. conductors are carried only on the side of the pole op-
posﬂ:.e to the vertical conductors, and if climbing space is
provided on the line conductor side of the pole.

(d) Vertical and lateral conductors of less than 7.500
volts when on poles used only for supply lines may be ,run
on 1:,he str.eet side of the pole in multiple-conductor cable
haw.ng suitable substantial insulating covering, if such ca-
ble is held taut on standard insulators supported on pins
and bl:ackets and is arranged so that the cable shall be held
at a distance of approximately 5 inches from the surface of
the pole, or from any pole step.

i E. Regquirements for Vertical and Lateral Communica-
tion Conduetors on Communication Line Poles or Within
the C’ommum’catﬁon, Space on Joint Poles. 1. Clearances
From Wires, The clearances and separations of vertical
?.Illrldt liateral coz}ductors from other conductors (except those

e same ring run) an y
wires ghall be 3%nches?. @ from guy, span, or messenger

) 2. Clearances From Pole and Cross Arm Surfaces. Ver-
tl.cal and lateral communication conductors may be attached
directly to the pole or cross arm by means of rings, knobs
or braq_kets provided that they are rubber-insulated paireci
c;ndu?;ors and that in the case of joint poles, the clear-
ances from open supply lines requi
1238, A, 1) are obsgfvgd. auired by Tuble T1 (Order
. F. Reguirements for Vertical Supply Conductors Pass-
ing "_{‘h'rough Communication Space on Jointly Used Poles
Ver:tlca_l supply conductors, including grounding wires,
which pass through communication line space on joint poles:
shill 1i)le installed as follows: '

. Metal-Sheathed Supply Cables. Metal- -
ply cables shall be covere%pai follows: tal-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.
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Kind of supply calble Bupply voltage Distanee
Inches
0to 7,500 240
Metal-sheathed o o o oot e ammm—— e {Over 7,500 60

Permanently grounded continuous-metal-sheathed . . woooooooooonn All voltages 40

a. 'This distance may be reduced to 24 inches for supply cables less than 300 voltg to ground where & vertical
joint-use separation of 2 fest exists or is permissible.  (See foctnote 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. -

Exeeption 1: Tron pipe may be used without insulating covering
at points more than 6 feet below the lowest communication 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 below 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 on the supply voltage.

2. Supply Conductors. Supply conductors shali be in-
“stalled in one of the following ways:

" (a) In Conduit. Conductors of all voltages may be in-
cloged 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-
tctors of street-lighting cireuits and service leads of less
than 750 volts may be run on the street gide of the pole in
multiple-conductor cable having suitable substantial in-
ulating covering 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 b
inches away from the surface of the pole or from any pole
steps. _

3. Supply Grounding Wires. Supply grounding wires
shall be covered with wood molding or other suitable in-
lating covering to the extent required for metal-sheathed
bles in 1 above, the “voltage” of the grounding wire be-
ing taken as the voltage of the supply circuit with which it
associated.

. Separation From Through Bolts. Vertical runs of
iy conductors shall be separated from the endg of
irough bolts associated with communication line equip-

cticable, but in no case less than 2 inches.

ent by one-eighth of the circumference of the pole where

et
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G. Requiremenis for Vertical Communication Conduct
ors Pass%mg Throwgh Supply Space on Jointly Dsed Poles.
All vertical runs of communication conductors passing
through supply space shall be installed as follows:

1. Metal-Sheathed Communication Cables. Metal-
shea,t'hed communication cables ghall be covered with wood
molding or other suitable insulating covering from a point
nojc more than 8 feet above the ground to the following
points above the highest supply conductor.

L Voltage of
Nature of supply eircuit plygui:m;?ép- Distance

Permanently grounded conti - - Tnchos
Dormanently grounded on inucus-metal-skeathed cable gléov?lggﬁm 40
- )

Open wire and other cabie Exeeeding
7.500 i)

a4

. This distanee may be reduced to 24 inches for supply voltages less than 300 volts to ground where a vertical

Joint-use separation of 2 f: i i iasi it
s separali ;‘13 rumitt :{;‘,t.) exists ot is permissible.  (See footnote b to Tuble 11 for conditions under which

2. Comnpunication Conductors. Vertical and lateral rung
of rubber~11_13ula,ted paired conductors shall be covered with
Wgod_ molding or other suitable insulating covering when
within 48 or 72 inches from supply conductors of 7,500
volts or less, or more than 7,500 volts, respectively. ’

3. Comm.unlcation Grounding Wires. Grounding wires
of commum_cation lines shall be covered with wood molding
or other suitable insulating covering to the extent required
for metal-sheathed cables in 1 above.

_47. _Sep-arajcion From Through Bolts. Vertical runs of
communlcatmn conductors shall be separated from the ends
of _t_hyough bolts associated with supply-line equipment by
qne—mghi_:h of the circumference of the pole where prac-
ticable, but in no case less than 2 inches.

SECTION 124. GRADES OF CONSTRUCTION

Order 1240. General. _
For the purposes of section 126, “Strength requirements,”

and _seci;ion_ 127, “Line insulators,” conductors and their
supporting structures are classified under the grades speci- -

I_‘led in this section on the basis of the relative hazard exist-
ing. '

Order 1241. Application of Grades of Construction to Dif-

ferent Situations. Ce

A. Supply Cables.” For the pur
thles. pose of these rules sup-
ply cables are divided into two classes as follows: >

ELECTRICAL CODE—ORDER 1241 97

1. Specially Installed Cables. In this clags are included
metal-sheathed supply cables installed in accordance with
Order 1261, G, 1.

Note: Such cables are sometimes 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 conduetors 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
grades 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 ¢, but Order 1241, D, 3, (c) provides for cases
“where these two eonditions are present.

D. At Crossings. 1, Grade of Upper Line. Conductors
and supporting structures of a line erossing over another
ine shall have the grade of construction specified in Orders
1241, D, 3; 1242, and 1243.

9 Grade of Lower Line. Conductors and supporting
stiructures of a line crossing under another line need only
have the grades of construction which would be required if
the line at the higher level were net there. '

‘3. Multiple Crossings. (a) Where a T.ine Crosses in
One Span Over Two Other Lines.

The grade of construction of the uppermost line shall be

t legs than the highest grade which would be required of

ither one of the lower lines if it crossed the other lower

ample: If a 2,800-volt line crosses in the same span over a

omminieation line and a direet-current trolley contact conductor of

“than 750 volts, the 2,300-volt line is required to ecomply with
ide’ A construction at the erossing.

his i a double crossing and introduces a greater hazard than
‘& theé upper supply line crosses the communication line only.
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(b) Where One Line Crosses Over a Span in Another
Line, Which Span is in Turn Involved in a Second Crossing.
The grade of construction for the highest line shall be not
less than that required for the next lower line.

Exception: This requirement does not apply when the two upper
lines are of such a nature and have such cirenit protection that the
danger of causing a break in the lower of these two lines by mechani-
cal or electrical eontact is eliminated.

() Where Communication Conductors Cross Over Sup-
ply Conductors and Railroad Tracks in the Same Span. The
grades of construction shall be in accordance with Table 13.

TADLE 13

Communication eonductor

grades
‘When crossing over—

Major lines Minor lines

lEIE =Y
Ulw = =g

Recommendation: It is recommended that the placing of com-
munication conductors above supply conductors ab crossings, conflicts,
or on jointly used poles be avoided unless the supply conductors are
troiley contact conductors and their associated feeders.

E. Conflicts. 1. How Determined. Where two lines
are adjacent (except at crossing spans) the distance be-
tween them and the relative heights above ground of poles
and of conductors on each line determine whether conflict
exists, and, if so, whether the conflict is a structure con-
flict (see Definition) or a conductor conflict (see Defini-
tion), or both. .

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

"l'_ |f~
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TABLE 14

Grades of Construction for Supply Conductors Alone, at Crossings, at Conflicts, or on Same Poles Wiith Other Conductors

Supply Conductors
3 at higher Constant—potential supply conductors other than D. C. railway feeders Constant-Current Direct-Current Communication con-
levels (a) supply railway feeders ductors used exclusive-
0 to 750 750 to 5000 5000 to 7500 Exceeding conductors ly in the operation of,
volts(b) volts(e) volts(d) 7500 volts(e) and ru1[1_ a8 supply
s ines
e 0 to 7.5 7.5-10 Txceeding | Oto750 | Exceeding
tracks, - Urban| Rural Urban Rural Trban Rural Urban Rural amperes amperes 10 amps. volts 750 volts
and rights of 0 :
way, ab lower pen | Open Open
levels or or |Open |Cable| or | Open |Cable | Open | Cable | Open |Cable | Open | Cable | Open | Cable | Open Cable | Open | Cable | Open | Cable | Open | Cable | Open Cable
Cable [ Cable Cable
L'm?s on fenced rights N N fN N N N N N N N i N N
orway
B, C, or N, See Order 1242,A, B, C, or N. See Order 1242,B CorN. SeeOrder
Lines not on fenced N N C N N C N N N B [o] N N 1242, C
rights of way
Main A A A A A A A A A A A A A A A A A A A A
Railroad tracks
Minor B B B B B B B B B B B B B B B B B B
Street-railway tracks hav- .
ing no overhead con- N N N N N N N N N N N N N N N N N N N N N N N N N
tact conductor
% Open N N o] N N (o] N N N B C |eC N
0to 750
volts(b) | Cable N N c N N C N N N B C |eC N
Open | hC N (o} C N ¢} (o} N N B (8} N N
750 to 5000
volts(e) | Cable N N C N N (¢} N N N B C N N
v B, C,or N, SeeOrder 1242, A B, C, or N, See Order 1242, B | B, C, or N. See Order
5022&[}) Open hC N (6] C N C c 3y N B (6] N N 1242, C
volts(d) | Cable N N (o] N N (o] N N N B c N N
Open |hB | hC B B N B B N N B c N N
Txceeding =
7500v.(e) | Cable | hC N c N N c N N N B (o} N N
_Eunstant—uul'reuu supply & B, C, or N. See Order 1242, A B, C, or N. See Orders B,C,orN. See
conductors open or cable B, C, or N See Order 1242 A. 1242, A, Orders 1242, A, C.
Direct-Current railway B, C, or N, See Orders 1242, A and B B, C, or N. See Order B, C, or N.8ce
feeders open or cable B, C, or N See Order 1242, B A 1242, B 1242, B, C.
Trolley contact eonductors B, C, or N. See Orders 1242, Aand B B, C ,or N. See Order B, C, or N. See
A.C.orD.C. B,C,or N. SeeOrder 1242, B, 1242, B Orders 1242, B, C.
Communication conduc-
tors, open or cable, used A, B, €, or N. See Orders 1242, A and C A, B, C, or N. See Orders B, C,or N. See
exclusively in the opera- A, B, C,or N. SeeOrder 1242, C, 12428, C Order 1242, C
tion of supply lines ; L
Communication )
conductors  |Major (i)| N N (o] c (6] B C c ‘ A (o] Cc 1 C |[CorN| B [CorN| A [CoN| N N A Cc B, C, or N. See Order
urban or rural See- e See 1242,C
openoreable  |Minor ()| N N C (¢} c Cc c (o} o] I B C C | C |[1242A| © |1242A| B [1242A | N N

(a) The words “open’” and “eable” appearing in the column headings
have the following meanings as applied to supply conductors: "“Cable”
means the specially installed cables described in Order 1241, A, 1. “Open”
means open wire and also supply cables not “speecially installed.”

(b) Voltages to neutral or ground of 0 to 440 volts.

(c) Voltages to neutral or ground of 440 to 2,900 volts.

(a) Voltages to neutral or ground of 2,900 to 4,400 volts.

(e) Voltages to neutral or ground exceeding 4,400 volts.

(f) Where lines are located so that they can fall outside the fenced
right of way into urban districts the construction shall comply with the
gmliifles specified for lines not on fenced rights of way for corresponding
voltage.

(g) Grade N if crossing over or conflicting with supply services.

(h) If the wires are service drops they may have grade N sizes and
sags as set forth in Tables 32 and 33 (Order 1263, B).

(i) Where the communication conductors consist of individual paired
conductors only, supply conductors in the upper position need only be
grade N due to this condition.
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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 construetion 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 bagis 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 respect to minor
communication ecireuits,

C. Status of Communication Circuits Used Exclusively

in the Operation of Supply Lines. In determining grades

of construction where communication circuits used exclu-
sively in the operation of supply lines are concerned, they
shall be congidered as ordinary communication -circuits
when run as such (see Order 1288, C) and as supply cir-
cuits when run as such. (See Order 1288, D.)

Exception: Communication eircuits 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 conductors shall not be less than required for grade C
(see Order 1261, F, 2).

D. Status of Fire-Alorm Conductors. In determining
egrades of construction where fire-alarm conductors are con-
cerned, they shall be considered as other communication
circuits. 3

Exception: Fire-alarm conductors shall always meet
grade D where the span length ig from 0 to 150 feet, and
grade C where the span length exceeds 150 feet.
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TABLE 15

Grades of Constructiun for

Comnmnimtion
Upper Trosition at Cr

Conductors
ossings, at Contiiey

S Or om Joint Poles

Communicatinps eon-
duetors at highor
levels (a) 41, open or eable,

a$ lower Jevelg ©

Minor
Lines o fenpeq Tj

TTT——
izhts of way
Lines not on fenced rightg of way
T RO Wy
Railroad tracks
’ Blreot-railway 1

'8y fracks Baving no ovechead
contact wire

—— — ]
0 to 750 volts{e) Open or cable

750 to 5000 v.{d) | Open or eahle
- R

_—

Cunstant—;lmtenﬁul 3000 to 7500 v.(5) Open
supply e

Cable

—_—
Exceoding 7500 CGpen
volts ()

conductors, (h)

. - .
. 0to 7.5 amp, Open (i)
Comstant carrent | Y

—_
supply 7.5t 10 amp.
.

) ;
conductors (h) pen (0

Direct-current
railway feeders (b}

-
Exceeding 750 . Open or egble
R i b AN ki S
. . B to 750 voity A CoorD.C, D D
Trolley T
Contact” - Exceeding 750 v, A, A.B, or C,
Conductors

—
D, C. A

U to 750 volty Open or eable

—
See order 1242, B
—_—

- - - .
Communlca{mn cnnductom,_opan or eable ysed oxelusively in B, CorN -
the operation of Supply Lines, See Order 1342 ¢
—_

L
Conm:zumcatu_:m condugtors, apen or cable, urban or rural,
major or miner, N N

(a) Ttis Tecorimended that the placing of tommunication conduetors zbove supply eonductors at crogsinga,
conflicts, or jointly ysed polea be avoided, upless the supply cohduetors are trolley contat condactors and their
assoclated feeders, )

) The words * ‘open™ ang “eable appezring in the headings have the follewing mearing as applied to
supply eonductors, “Cuble™ meang the speeially ingtalled enbles described in Order 1241, 4, 1. “Open'’
ot “speeially installed'”,
) voltg

43 permitied by Opder 12610
(hy Applies only to line-conductor sjzes aud sags in spang 0 to 150 feet long with the following extepliona,
opper or steel, apans 0—101} feot, use No. 12 wire; steel, spans 125150 Fest, uge No, 9 wi
ceeding 150 fect, grade C 5y ply-conductor size:

3 ire. Or 8pans ex- .
t s und sags shall be met.  For Dbaired conductors, grade (¢ peired-
condustor requirementg shall be met,

(1) Where constant-current ciruits gre in specially installed cable,
nominal flload vaoltage,

Alone, or in

Communication conduetors rara! or ur-

n ineluding COmmunj-
vation conductors rap s such, hut used
Cunduutors, tracks

. exclusively in the operation of supply
and rights of way . lines.

————

they are considered on the basls of the .
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i tures.
der 1243. Grades of Supporting Strue e
OrA(.arPoles or Towers. The grade of construction phali }:()ie
that required for the highest grade of conductors supported.

Exception 1: The grade of construction of _joint poé_esx,],r1 e(;'::;hlr)oll)‘z?
used only by communication line_s, geed not be 1ncvrtfias§n e e
cause of the fact that ecommunication wires carrmit
cross over trolley contact conduetors of 0 to 750 volts.

Exception 2: Poles carrying grade C or D fire-alarm .coixic:’icioorrf_,
where alone, or where concerned only with other c01§1nun1ca
ductors, need meet only the requirements of grade N.

. b
Exception 3: Poles carrying supply service Ioo_ps off G‘to 75? Vloiln;
shall have at least the prade of construction required for supply
conductors of the same voltage,

Exception 4: ‘Where communication lines cross OVEIBSFpEiyu?E;g
ductors and a railroad in the same span -imd .grade A or 13 " %0 red
by Order 1241, D, 8, (c) for the communication conductors, urS 0 e
piesence of r;,ilroad tracks, the grade of the poles or towers s
be D or E.

Exception 5: At structure conflicts even though no cnrl}f;lcts;
conflict exists, the grade of constru.ction w}uch woul};}l be rizi«ilé red by
Order 1242, if the conductors were in conflict, shall be app
pole or tower.

:N()te req N Y it nal zghel g!'a(}e )f coY Stl'uc—
. ThlS uIr ement may resu
tion for th(‘.‘ pD]e oY tOWEI thall for the COI]duCtOIS carried thereon.

BException 6: In the case where a structure conflict does ngt i};s);t;
butJ any conductor iz in conductor conflict, thLe grade of coniar({.le son
of the pole or tower is not required to meet the eonduetor grac
to the conductor confliet,

ruction shall be that
B. Cross Arms. The grade of construc v
required for the highest grade of conductors carried by the
Cross arm concerned.,

i f cross arms carrying
0 tion 1: The grade of eonstructmn'o :
onlnxgzarlngnication conductors need not be increased merely Eeciui:
of Ehe fact that such conduetors cross over trolley contact conducto
of 0 to 750 volis.

EX(:ep on 2 (}[OSS arms caIIyitlg gIade (} or D ﬁ!e-a[a1n] €on-
.V : W wi nication
ductors ¥ heI'e a].onﬂ or hel’e COnCerned ]th Other commu
»

conductors need meet only the requirements for grade N,

Myl ice loops of 0 to
ion 3: Cross arms carrying supply service o
75??&221?111&11 have at least the grade of construction required for
supply line econduectors of the same voltage.

' i ication lines cross over supply con-
: tion 4: Where communication ; %
'duﬂiizpa;d a railroad in the same span and' gra}de AorBis reccllu:. ?:g
by Order 1241, D, 8, (c¢) for the communication conductors du

- the presence of railroad tracks, the grade of the cross arm shall be

D or E.

-syueax

15501
210N

nbal JUISIO.

0:8T708] WOIID0S 99g

PROI[IEY TRUCIIIPPE, 03 Sé:},l‘ﬁq:e?'s-. 628
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C. Pins, Insulators, ond Conductor Fastenings. The

grade of construction shall be that i n
or concerned., at required for the conduct-

Exception 1: _The grade of construction of pins, insulators, and
conduc’gor fastenings carrying only communication conductors,need
not be increased merely because of the fact that such conductors cross
over trolley contact conductors of 0 to 750 volts.

WhExcepltlon 2: In case of grade C or D fire-alarm conductors
ere alone or where concerned only with other communication con-

duCtOTS, pins, inSUIatDl‘S and Condu i
! ; tor fast t th
! : i 5 ; CTOY astenings HEEd mee Oﬂly e

.Excfeption 3: 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 as required for s ly 1
s ik b upply line conductors of the

5 Exception 4: Where communication lines cross over supply con-

uctors and a railroad in the same span, and grade A or B is re-

%:lzﬁg BireOrde1‘ 1f241,.1D, 3d, (¢) for the communication conductors due
sence of railroad tracks, the grade of pins, i

conductor fastenings shall be D 01,‘ E. B S

Exception 5: In case communication conductors are required to

meet grade A, B, or G, the insulators need meet onl i
Pl bl 1’11 th
for mechanieal strength for these grades. Wb e

SECTIQN 125. LOADING FOR GRADES A, B, C, D, AND E

Order 1250. Loading Map.

Three_ degrees of severity are recognized in the U. S. for
the lozu.img, due to weather conditions, and are designated
re§pec131vely a8 heavy, medium, and light loading. The dis:
tricts in which these loadings apply are determined by
Weat}.lgr_ reports as to wind and ice and by local experience
of u’glhtles using overhead lines. The state of Wisconsin is
considered as being in the heavy loading district. No data

will therefore be given on light i i
el n light and medium loading, (See

Order 1251. Assumed Weather Conditions.
_The followmg weather conditions are assumed to act
simultaneously in different loading districts:

Horizontal wind
= pressure on
Thickness projected area | Temperature
of ice of eylindriesl
surface
Inches Lbs. per sq. ft. °F.
Heavy Loading Districts (H). .
Wk Lo Dt OB ot § 8
Light Loading Distriets (L)____________________________ None 12 iég
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Order 1252. Light and Medium Loading.

If anyone desires to obtain a further description of light
and medium loading they should refer to “The National
Electrical Safety Code” published by the Bureau of Stand-
ards. : -

Order 1253. Conductor Loading.

The loading on conductors shall be assumed as in A, be-
low.

Where cables are concerned, the loadings shall be applied
to both cable and messenger.

In applying loadings to bare stranded conductors, the
coating of ice shall be considered as a hollow cylinder touch-
ing the outer strands.

Ice is assumed to weigh 57 pounds per cubic foot.

A. Heawy Loading (H) The resultant loading, due to
the weight of the conductor plus the added weight of a
layer of ice 0.5 inch in radial thickness, combined with a
transverse horizontal wind pressure of 8 pounds per square
foot on the projected area of the ice-covered conductor,
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, ingulators, and
conductor fastenings shall be their own weight plug 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 cubic foot.

Note: The weight of ice upon supports is ignored for the sake of
simplicity. (See Appendix D, Table 72, for vertical loads of con-
ductors)

B. Assumed Transverse Loading. In computing the

stresses in poles, towers, and side guys the loading shall be.

taken as 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.)
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For supporting structures carrying more than 10 wires,
not including cables supported by messengers, where the
bin spacing does not exceed 15 inches, the transverse load
shall be calculated on two-thirds of the total number of such
wires with a minimum of 10 wires.

2. Trolley Contact Conductors. When a trolley contact
conductor is supported on a commonly used pole it shall be
included in the computation of the transverse load on the
structure,

3. Flat Surfaces. For flat surfaces the assumed unil
wind pressure shall be increased by 60 per cent, Where
latticed structures are concerned the actual exposed area
of one lateral face shall be increased by 50 per cent to al-
low for the pressure on the opposite face; this total, how-
ever, need not exceed the pressure which would oceur on a
solid structure of the same outside dimensions, The results
obtained by more exact calculations may be substituted for
the values obtained by this simple rule.

4. Angles. In cases where, due to change in direction
of conductors, an unbalanced side pull is imposed on the
supporting structure, a transverse load shall be assumed
equal to the resultant of all conductor and messenger ten-
sions, as determined by the loadings of Order 1253.

C. Assumed Longitudinal Loading. 1. Change in grade
of construction. The longitudinal loading upon supporting
structures, including poles, towers, cross arms, pins, and
conductor fastenings, at ends of sections required to be of
grade A or B construction when located in lines of a lower
grade of construction, shall be taken as an unbalaneced pull
in the direction of the higher grade section equal to the
total pull in one direction of all conductors and cables sup-
ported thereon, the conductor loading to be that given in
Order 1253.

FException: For suck higher-grade sections having no span ex.
ceeding 500 feet in length where the total pull in the direction of the
higher-grade section exceeds 30,000 pounds, the assumed Toading is
modified to 30,000 pounds, plus one-fourth the excess above 30,000
pounds, with a maximum of 50,000 pounds.

2. Same Grade of Construction Throughout. Where
lines are built throughout their length, or between dead-
ended points, of grade A or B construction respectively,
although not so required, the longitudinal loading upon sup-
porting structures (including poles, towers, cross arms,
pins, and conductor fastenings) at crossings, at ends of sec-
tions of joint use, and at ends of conflicts required to be of
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grade A or B construction, respectively, shall_be taken_ as an
unbalanced pull in the direetion of the erossing, conflict, or
joint-use section egual to the pull of one—thu'fi of the total
number of conducters carried (not including ov_erhead
ground wires), such one-third of the condt}ctors being se-
lected so as to produce the maximum str-ess in the_supports.
If the application of the above results in a fractional part
of a conductor, the nearest whole number shall be used.

3. 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-
quired for the crossing span, the tension in th_e 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° T,

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‘ shalll be as-
sumed egual 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. Awverage Span Lengths. 1. General. The calculated
-~ transverse loads, upon poles, towers, and cross arms, ex-
~ cept as provided in 2 below, shall be bfased upon the average
span length of a section of line that is reasonably uniform
as to height, number of wires, grade, and span length, In
no case shall the average value taken be less than 75 per
cent or more than 125 per cent of the actual average of the
two spans adjacent to the structure concerned.

o, Crossings. In the case of crossings over railro_ads_or
communication lines (other than minor communication
lines) the actual lengths of the two spans adjacent to the
two structures concerned shall be used.

LW, Simultaneous Application of Loads. 1. When caleu-
lating transverse strength, the assumed transverse and ver-
tical loads shall be taken as acting simultaneously.

2. In calculating longitudinal strength, the assumed
Jdorigitudinal loads shall be taken without consideration of
e 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
deformation, 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
structure) not individually meeting the transverse strength
requirements will bhe 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 inserted in a normal span for the purpoge
of supporting a service loop may be ignored, if desired, in
the calculation of the strength of the line.

Exception for crossing poles: In the case of crossings over rail-
roads ot communication lines (other than minor communication lines),
the actual strengths of the erossing poles shall be used. :

2. Reinforced-Concrete Poles. Reinforced-concrete poles
shall be of such material and dimensions as to withstand
for transverse strength the loads assumed in Order 1254,
A and B and for longitudinal strength the loads in Order
1254, C without exceeding the following percentages of
their ultimate strength. (Where guys are used, see Order
1261, C).

Percentages of ultimate strength for
different grades

Grade A Grade B Grade C
For tranaverss strength (when fustalled)___.__. ... .. ____ 33 14 50 75
For lengitudinal strength (ab all times) in general _____.__..____ 100 W00 |
At deadends ____..__u_,“.,,w__-___.__-__..--_--j ......... 3314 50 75

3. Steel Supporting Structures. Steel supports, steel

towers, and metal poles ghall be designed and constructed so

as 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 shall 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 calcu-
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 ends.

(¢) Minimum Strength, Steel towers shall have
strength sufficient to withstand a transverge load on the
towers without conductors due to three times the gpecified
transverse wind pressure, without exceeding the allowable
stresses for longitudinal strength in Table 16. .

(d) Allowable Unit Stresses; Steel. The values in Te?-
ble 16 for structural steel are for material having an ulti-
mate tensile stress between 55,000 and 65,000 pounds per
gquare inch and yield point not less than 50 per cent of the
ultimate stress. )

In the case of special steels having higher yield points,
purchased under rigid specification and inspection con'di-
tions, an allowance above the tabular stresses in proportion
to the respective yield points will be permitted,

Ag the unit stresses in Table 16 are the maximum allow-
able, sufficient allowance should be made in the design to
insure that in the completed structure the specified unit

: gtresses will not be exceeded.

TABLE 16

Allowable Unit Siresses in Steel for Tronsverse and Longitudinal
Sirengths

Allowable stresses for transverse Allowable stresses for longi-
strength fudinal strength

Grades A | Grades A
Grade & Grade B Grade C snd B jand B except
Crossings | at Crossings

2 Ibs. per sq. in. |[bs. per aq. in. [Tbs.per sq. in, [Lbs. per sq.in.[1bs, per sq.in.
. Btructural steel:
; RO - oo e 20,000 26,000 30,000 30,000 33,000
eSO oo 20°000 26000 36000 30000 331000
L«SDL;’R —90L/R | —100L/R | —100L./R | —100L/R

20,060 24,000 35,000 35,000 40,000
40,000 48,000 16,000 70,000 | 80,000

22,000
44,000

30,000
60,000

30,000
60,000

33,000
66,006

13,000
36,000

_(e)'-'- Thickness of Steel. Steel poles or towers shall.have
no:less thickness of metal in members than the following:
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TABLE 17
Thickuness of Steel

Thickness of
. main members | Thickness
Kind of Msmber of cross srms of other
and logs Members
Golvanized: Inghes Inches
For localities where experience has shown deterioration of galyamized
material lsrapid L .. b 4
For other loealities. ... ... P 15
Painted . Y ald

4. Painted bracing members having L /R uot exceeding 125 may be % inches in thickness.

- (f) Unsupported Length of Compression Members. The
ratio of L, the unsupported length of a compression mem-
ber, to R, the least radius of gyration of the member, shall
not exceed the following: (These figures do not apply to
the complete structure.)

TARBLE 18

L/ for Compression Members

Kind of compression member

Leg members__ .. _ ..l 150
Other members having figured stresses_______ -
Seeondary members without figured stressea Tt 250

(g} Splices for Main Leg Members. In splices for main
leg members where under the application of the values in
Table 18, Order 1261, A, 3, (d) four or more bolts or rivets
are called for, the number of bolts or rivets shall be in-
creased by 10 per cent with a minimum of one additional
bolt or rivet.

(h) Additional Requirement for Anchor Towers. When
steel supports or towers are used which are not capable
of withstanding approximately as great a force longitudi-
nally as transversely, anchor towers shall be placed at in-
tervals not greater than 10 spans. These anchor towers
shall be able to withstand the combined longitudinal ten-
sion of all conductors under the loads specified in Order
1253 up to 10,000 pounds plus one-half the excess above
10,000 pounds, without exceeding their ultimate strength.

(i) General Construction Features. Steel poles or tow-
ers, including parts of footings above ground, shall be con-

structed so that all parts are accessible for inspection, clean- -
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ing, and painting, and so that pockets are not formed in
which water can collect.

Recommendation: Unless sample structures, or similar ones, ha‘ve
been tested to assure the compliance of structures in any li_ne 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.

(j) Protective Covering or Treatment. All iron or steel
poles, towers, or supporting structures shall bg prot‘:ected
by galvanizing, painting, or other treatment which will ef-
fectively retard corrosion. _

4. Wood Poles. Wood poles shall be of such’materlal
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 attachmept f01: guyed poles, the
appropriate allowable fiber stresses given 1n Table 20, _

(b) Longitudinal Strength. GradesAand.B. _The longi-
tudinal strength of wood poles shall be maintained at-all
times so that they will withstand the longitudinal loading
- gpecified in Order 1254, C without exceeding at the ground
line for unguyed poles, or at the point of guy attachn}ent
for guyed poles, the appropriate ultimate fiber stress given
in Table 19. '
© Qrade €. No longitudinal-strength requirements except
at dead-ends. . _

(c) Ultimate Fiber Stress. Dlﬁ'erept kinds of wood
poles are considered as having the ultimate fiber stre_sses

iven in Table 19. These ultimate fiber stresses are given
30 as to identify different kinds of pole timbers with the ul-
imate fiber stress appearing at the heads of the columns
in Table 20.

TARLE 19

Ultimnie Fiber Stresses of Wood Poles

Tltimate Sher
Kind of Wood atress

Ths. per sg. in.
§,600

5,000

dstérn cedar {northern white eedar) e } 3 600
T S .




110 INDUSTRIAL COMMISSION OF WISCONSIN

Tests are under wa
wood

_(d) Treated Poles, The use of treated i
qulresi. Eowever, under certain circumstggcl:ass 1%31;)(1)2 1'230-
permits higher allowahle stresses for treated poles than for
untgeeated p?les. Treated poles are poles meeting the fol
lowing requirements § e ok
(1) Preservatives.

, and e‘ﬁ‘icieﬁcy a8 a preservative. I
case of poles which are butt-treated only, the elecérice?l i'lelf
- sistance of the preservative may be disregarded.
' (2) Ful!-leng“th Treatment. Pine and other timber gub-
i]);Ct ;o rapid decay above ground shall be treated fuli length
res
methodl? €Ssure process or some other equally effective
(3) Butt Treatment Cedar, chest
i ' . \ nut, and other ti
not subject to ralpld del:cay above ground shall be treatl;gbl?;
?ny process which will produce impregnation of most of
1he sapwood from at least 2 feet below the ground line to at
east 1 fo_ot abovq the ground line. In the case of treat-
$§$§ Whl?‘[l:’l require perforation, no method shall be used
resu i i i
replacement.s in perforation to the crogs section required at
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TABLI 20

Allowable Fiber Stresses (in Pounds per Sguare Inch) for Wood Poles
Under Vertieal and Transverse Loading

‘When Inatalled A% Replacement
Treated Poles Untreated Poles | Treated or untreated poles

For ultimabe fiber For ultimate For ult,imatef fiber stress
o

stress of fiber stress
|

6,500 | 5,000 [ 3,600 5000 3,600 6,500 | 5,000 | 3,600

At erossings:
Poles in lines of one pgrade
of eongtruetion throughout._
, 3,250
4,870
8,750

Poles in jsolated sections of
higher grade of construe-
tion in lines of a lower | .
grade of construction.

A s 1,250 3,260

1,670 , 4,870

Grade C__._________ . 3,000 ) 9,750

Ilsewhere than at crossings:

Grade A , , 1,670 . 3,900
2,500 | 1. 6,500

Grade B___ . , , ,
Grade C__.__________ R \ 8,750 . 9,750

(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:

TAHLE 21
MINIMUM T0FP DIAMETERS FOR WO00D POLES

Minimum top
Crade of couatruetion diameters
Heavy loading

7 inches
6 inches
6 inchea

(h) Spliced Poles. Spliced poles shall not be used at
rossings, conflicts, or joint-use sections requiring grade A,
B, or C construction.
5. Transverse Strength Requirements for Structures
here side Guying is Required, but can only be Installed
:at a Digtance,

Grades A and B. In the case of structures where, be-
cauge of very heavy or numercus conductors or relatively
long spans, the transverse-strength requirements of this
section can not be met except by the use of side guys or
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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 to 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
span between the side-guyed structures shall not be in ex-
cegs of 150 feet,

(¢) 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 Construetion,

(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 line.

- Where this is impracticable, the supporting structures of
the reguired longitudinal strength may be located one or.

more span lengths away from the section of higher grade,

within 500 feet on either side and with not more than 800:

feet between the longitudinally strong structures, provided.

such structures, and the line between them meet the require-
ments, as to transverse strength and stringing of conduct-
ors, of the highest grade occurring in the section, and pro
vided that the line between the longitudinally strong struc
tures is approximately straight or suitahly 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 transg:
verse strength and as to conductors and their fagtenings
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Where it is impracticable to provide the longitudinal
strength, the longitudinal loads ghall 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 provigion iz mnot applicable to
Grade C. 7

(b) Flexible Supports. Grades A and B. When sup-
ports of the section of higher grade are capable o.f congid-
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 necegsary to increase the normal clea,ra,nce‘s gpe-
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-
quirementg of Order 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
equired in gection 123. o
" Grade C. The above provision is not applicable to
grade C. ‘
7. Strength at Angles and Dead Fnds. In cases where,
‘due to change of direction of the line or because of dead
e ds, the longitudinal tensions in the conductors are _not
notmally balanced, the construction shall be such as to with-
tand the total combined load without exceeding the work-
- stresses for transverse strength. : ) ,
Where the section of higher grade is not in line with the
e beyond this section, suitable guys shall be placed to
rithstand the resulting transverse forces.
3. Foundations. 1. Use of Foundations. (a) Wood and
inforced-Concrete poles. No special foundation con-
truction is generally required.
(b} Steel Poles or Towers. Steel poles or .towers gshould
bly be placed on conerete or other suitable founda-
ng extending above the ground line. If, however, the
S set in earth, it shall be suitably protected against
urious corrosion at and below the ground line.
9. Strength of Foundations. (a) Steel Supports. The
ions shall be so designed and constructed as to with-
d the stresses due to the loads assumed in Order 1254.
alculated stresses in any steel parts shall not exceed
stresses specified in Order 1261, A, 3, (d).
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Since in many localities the soil and climatic conditions
are such as to alter the strength of foundations consider-
ably from time to time, there should usually be provided s
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 Concrete Poles. Foundations for poles
shall be of such material and dimensions as to withstand the
loads assumed in Order 1254, A, B, and C without exceed-
ing the following percentages of their ultimate strength.

Percentages of ultimate strength for
different grades
I

Grade A Grade B Grade C

For transverse loads {when instalied)_. ... ___._______.____

50
For longitudinal leads (at all times) in general _____________.__ 100 100
At dead ends 50

C. Guys. 1. General. The general requirements for
guys are covered under “Miscellaneous requirements for
overhead construction” (see sec. 128),

2. For lines in exposed locations. Grades A and B. Tn
exposed situations, such ag open country in rural districts,
the transverse strength of wood or reinforced concrete
crogsing poles in sections of higher grade in lines of a lower
grade of eonstruction 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 feet.

Grade C. The above provisions do not apply to grade C.

3. On Steel Structures. The use of guys to obtain com-
pliance with thege requirements is regarded as generally
undesirable. When guys are necessarily used, the steel sup-
ports or towers, unless capable of considerable deflection,
shall be regarded as taking all of the load up to their allow-
able working: load, and the guys shall have sufficient
strength to take the remainder of the assumed maximum
load. (See Order 1261, A, 6, (b) for fexible 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 -
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i 1 itudinal load
load assumed in Order 1254, B and the _longltudma :
assumed in Order 1254, C without exceeding the following
percentages of their ultimate strength:

Percentages of ultimate strength for
different grades

i

Grade A Grade B Grade C
i 50 %
For transverse strength (when installed) . .. woooooneeen 13% N e
Torlongitudinal strength (at all times) in general ...~ - o o 5
At deadends . ..o mm e dcm e mmmm e mmmm s

D. Cross Arms. 1. Vertical Strength. Cross _arms.shall,
when installed, withstand the vertical loads specified in Qr-
der 1254, A without the stress under these loads exceeghng
50 per cent of the assumed ultimate stress of the material.

Exception: For built-up steel cross arms on steel §t1‘uctures, see
Order 1261, A, 3, (d) for allowable working stresses in steel.

. Bracing. Cross arms shall be securely supported by
brich]lgg, if ngecessary, go as to suppor‘t saffaly all_ othe}“ loads
to which they may be subjected in use, including linemen
working on them, Any cross arm or buck arm except thg
top one shall be capable of supportlr_lg_" a vertical l‘oadt 0f
225 pounds at either extremity in addition to the weight o

conductors. .
th(‘f%. Longitudinal Strength. (a) G.eneljal. Cross arms
shall withstand any unbalaneed longitudinal loadg to which
they are exposed, with a limit of unbalanced tension where
‘conductor pulls are normally balanced, of 700 pounds at
ﬂ}e(lt));ltintpllﬂnnds of Higher-Grade Construction in Line of
Lower Grade. Grades A and B. Wood Crosg arms shall
‘b of sufficient strength to withstand at all times, without
“exceeding their ultimate strengths, at unbalanced pull in
fhe direction of the higher-grade section equal to the.z ten-
ion in all supported conductors under assumed maximum

wding as given in Order 1254,.0, 1. Steellarms shall
Wwithstand this load without exceeding the working stresses
o longitudinal loads given in Order 1261, A, 3, (d).
“ Grade C. The above provisions do not axgp]y to Grade C.
(¢} At Ends of Transversely Weak Sectiohs. Grades A
tid'B. The cross arms connected to the structure a_tt ea(?h
nid of the transversely weak section, such as described in
rder 1261, A, 5, shall be such as to withstand at all times
thotit exceeding their ultimate _strengt_hs, under the con-
itions of loading prescribed in Order 1254, C, 1, an un-
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E_alancfed load equivalent to the combined pull in the direc-
S:lo;xp (?rtgil.e trangversely weak section of all the conductors

Grade C. The above provision does not appl -

(d) Methods of Meeting Orders 1261, D, 8, 3{&? gﬁgd?c()l
Grades' A and B. Where conductor tensions are limited t(;
a maximum of 2,000 pounds per conductor, double wood
cross arms fitted with spacing bolts equipped with spacing
nqts and Washers, pipe spacers, or similar construction, or
with spacing blocks or plates, will be considered as meet‘jing
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 01:
Fir. The cross-sectional dimensions of selected yellow pine
or fir cross arms shall not be less than values of Table 22.

TABLE 22

Cross Arm Cross Sections

Number of Pins Grades A Grade C
and B Supply | Communi-
m
Inches Inches fﬁeiloeré

3 byd .
3 by 4 |3 byd [T

Note:

Bec, 180. : . 3 ;
crosgsings. 0.18 of the statutes requires double cross arms at railroad

3. Double Cross Arms at Angles or Dead Fnds. Grades
A and B. Where conductors are supported on pin insulat-
ors, double cross arms shall be used at unbalanced corners
and ‘(iead 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. Loca‘mpn. In general, cross arms should be main—.
t:f,med_ at right angles to the axis of the pole and to the
direction of the attached conductors. At Crossings, cross
?Iljél;tﬁ St]}l10u1d be'attached to that face of the structuré away
from arg ;,;gg.smg, unless special bracing or double cross

E. Pins ond Conductor Fastenings. 1. Longitudi
Streng:th. (a2) General. Pins and ties or other c%rfgg;gc?i
fastenings shall have sufficient strength to withstand an
unbalanced tension in the conductor, up to a limit of 700
pounds per pin or fastening. :
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(b) At Ends of Higher-Grade Construction in Line of
Lower Grade. Grades A and B. Pins and ties or other
conductor fastenings connected to the structure at each end
of the higher-grade section shall be of sufficient strength
to withstand at all times without exceeding their ultimate
strength, an unbalanced pull in the direction of the higher-
grade section due to the loading specified in Order 1254,
C, 1.
Grade C.. The above provisions do not apply to grade C.

(¢) At Ends of Trangversely Weak Sections. Grades 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 shall be such as to
withstand at all times without exceeding their ultimate
strength under conditions of loading prescribed in Order
1254, C, 1 the unbalanéed 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), and (c).
Grades A and B. Where conductor tensions are limited fo
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.

CGrade 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.
© 3, Height of Pin. The height of the pin and the con-
ductor fastenings and the material and cross section of the
pin should be chosen so as to afford the required strength.

Note: The method of attaching conducters by suitable ties to
single pin-type insulators mounted on 1% by 9 inch wood pins of
locust or equivalent wood will usually provide strength up to 1,000
Sounds conductor tension with the conductor 8.5 inches above the
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.

7 Recommendation: It is recommended that medinum-hard-drawn
‘copper wire (conforming to the specifications of the American Society
ot Testing Materials) be used instead of soft in new construction,

‘eapoeially for sizes smaller than No. 2.
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Note: Soft copper wire has a vield point less than one-half that
of medium-drawn copper, =2nd hence stretches permanently Wwith a
correspondingly lighter loading of ice and wind.

If the wire when first strung is Pulled to a tension approximately
egual to half its breaking strength and then released and tied, its
yield point is thereby rajsed and it will be less likely to stretch and
its sag to increase materially under moderate loading of iee and wind.

(b) Al supply conductors in urban districts, except trol-
ley contact conductors, operating at lesgs than 5000 volts
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
Section 128 and the szags of Appendix A are correspondingly in-
creased, :

Exception 2: Supply service leads of 0 to 750 volts may have the
sizes set forth in Order 1263, E. .

Exception 3: Where the short-span method of construction is em-
ployed in accordance with Order 1261, K, the conductor sizes and sags
herein specified are not required. .

TABLE 23

Minimum Allewable Conductor Sizes

. . . ‘Wire sizes for span length: te aud i i
Kind of Wire Loading Girado of the foilowing limity (n Tog e
District Construction

kS

|
!

—
o
=]

206 300

. Aand B
Covered wires: ¢
Copper, medium or hard-
drawn; copper covered
steel,

BT | oy
T o e i
mmmwmmww’

]

Barowires: - -
Copper, medinm or hard-
drawn; copper eovered
steel. -

T 1 7
I 3
Vo |
o i

AA%@%%%#'

A
Covered or bare wires: . B

T
1
I
)

¢
Caopper, soft-drawn Medium ____}{ {Aand B
C

1
Light..—..__! A, B,andC

2

mmbmm&{mmmmmmmm 0200 R 0O 00 O DA

e e e B3O DS B mm@mmmmk{
P 1 B LD B mmm%ﬁk%m'

|

Exeeeding 150

Steel wire All { (f_\)' and B 4
i3

Stranded sluminurm wire:
without steol reinforesm’s A Band 1}
with steel reinforcement A,Band 4
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3. Lightning Protection Wires. Lightning protecthn
wires paralleling the line conductors shall l_oe ?egarded- in
respect to size, material, separation, and stringing require-
m¥nts 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 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 Standa:rds:, Code.

In order to minimize the danger from wires swinging tog_ether and
to permit the moderate pin spacings and cross-arm spacings sanc-
tioned by modern good practice in overhead line construction, it is
necessary to assign a limit to the sag, and henge tco the recommended
length of span of the smaller sized wires, as indicated by the lblank

spaces in the tables.

(b) Two-Thousand-Pound Limitation fqr Cpnductor
Tensions. In order to apply the methods given In Order
1261, D, 3, (d) and Order 1261, E, 1, {(d) it is necessary
that the conductor tension be limited to Z,OOO_pounds.

5. Splices and Taps. Grades A and B. Sphces. shall not
be made in the crossing span and preferably no‘g in the :_a,d-
jacent spans, which are depended upon for withstanding
the longitudinal tengion of the crossing conduc_tors. Taps
“ shall not be made in the crossing span, If a splice or tap is
“'made in any conductor in the gpan next to the crogsover
“span, it shall, where practicable, be placed at a point nearer
‘to the crossover support than is the nearest conductor
“ erogsed over.

. Exeeption: In the case of large-gauge eonductors where the ap-
- ‘plication of this rule would work a hardship an.d where proper meth-
“"ods are available for making high-strength splices, such sphcgs 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

conductor.

Grade C. The above does not apply to grade C. .
8. Trolley Contact Conductors. In order. to provide for
wear, no trolley contact conductor shall be msﬁglled of less
7e than No. 0, if of copper, of No. 4, if of silicon bronze.
LG, Supply Cables. 1. Specially installed S}Jpply Cables.
Cables having permanently grounded continuous metal
sheath or armor, where located on joint poles, or where
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located on other poles and having a grade of construction

;(;sri eﬂ;a;lt that ﬁ'e]qluiredt Tor open wire supply lines of the
oltage, shall meet the requir

ol (a5 ke quirements of (a), (b), (c¢),

(a) .Messengers. Messengers shall be stranded and of
ga-lvamged OF cobper-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 half their ultimate
strength under the loadings specified in QOrder 1253,

(I_)) Grounding of Cable Sheath and Messenger. Rach
section of eable between splices shall be suitably and per-
manently bonded to the messenger wire at not lesg than
two places. ':Phe messenger wire shall be grounded at the
ends of the line and at intermediate points not exceeding
800 feet apart. (See gection 103 for method)

(c) C‘_ab%e Splices. Splices in the cable shall be made so
tha_t 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.

(.d) Cable Insulation. The conductors of the cable shall
be msulate.d 80 as to withstand a factory potential fest of
at Ie.ast 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 su
ger. ) such strength
and saég‘ that flt ix;mll not be stressed beyond the follow?ng
bercentages of its ultimate strength und i
specified in Order 1253, °F the loadings

Grade
Construcﬁnn tonnin Eae of
Ultimate Strength

AandB _.__________
T e e 50

(b) Cable, There are no strength requi
irement
cables gsupported by messengers. b s for
H.' OQJ.en Communication Conductors. Open-wire com-
munication con'ductors in grade A, B, or ( constriction
shall have the sizes and sags given in Qrder 1261, F, 2, and
4 for supply conductors of the same grade. ’

may have grade D sizes and sags instead of i
d . grade C gizes
exeept as provided in Note g to Table 15, Order 1242, and sags

Exception: Where the span length is 150 feet or less, conductors .
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1. Communication Cables. 1. Metal-Sheathed Communi-
cation Cables. There are no strength requirements for such

. cables supported by messengers.
. 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:

Percentage of

g

Grade of
Cong%rgc?cion TUltimate Strength
AandB e 50
60

J. Puaired Communication Conductors. 1, Paired Con-
duetors Supported on Messenger. (a) Use of Messenger,
A messenger may be used for supporting paired conduct-
ors in any location, buf is only required for paired conduct-
ors crossing over trolley contact conductors of more than
7,600 volts. '

(b) Sag of Messenger. Messenger used for supporting
. paired. conductors required to meet grade A or B construc-

tion because of crossing over trolley contact conductors
shall meet the sag requirements for grade D messengers.

" (e) Size and Sag of Conductors. There are no require-
‘ments for paired conductors when supported on messenger.
t 2. Paired Conductors mnot supported on Messenger.
(a) Above Supply Lines, Grades A and B. Sizes and sags
‘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 shall
‘be not less than the following:

Hard-drawn copper _____________ No. 14 AWG
Bronze .. . ___________ No. 17 AWG
Copper-covered steel _____________ No. 17T AWG

.Spans 100 to 150 feet. Sizes and sags shall be not less
han required for grade D communieation eonductors.

- Spans exceeding 150 feet. Sizes and sags shall be not
less than required for Grade C supply conductors.
(b) Above Trolley Contact Conductors. Grades A and B.
Sizes and sags shall not be less than the following:

Spans 0 to 100 feet. No size requirements. Sags shall
not less than for No. 8 A, W. G. hard-drawn copper ag

given in Appendix A,
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Spans exceeding 100 feet. Sizes shall be not less than
the following :

Hard-drawn copper __._____________ ______ No. 14 AWG
Bronze _____ T No. 17 AWG
Copper-covered steel . _________""TTTTTTTTT No. 17 AWG

Sags shall be not less than for No. 8 A. W. G. hard-drawn
copber 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 s4g requirements. Size
shall be not less than the following;

Hard-drawn copper _. ___________ No. 14 AWG
Bromze ____ T TTTTTTTTTTmTTmmmo No. 17 AWG
Copper-covered steel . _____ """ TTTTTT No. 17 AWG

K. Short-span Crossing Construction. Where supply
lines cross over railways or communication lines by the
short-span method, the requirements for grade A B, orC
conductor sags and sizes are waived, in so far as such
gradés are required by the crossing, provided that a per-
manently grounded guard arm is installed at each cross-
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
cross-over span to be of such a height that a conductor breaking in
that gpan ean not come within 15 feet of the ground or rails at a
railroad erossing or make contact with any wires crossed over at a
wire crossing.

This character of construction is facilitated where the CTO8S-0ver
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 J¥ne
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 rods

under the prevailing conditions, shall be protected by gal+~

vanizing, painting, or other treatment which will effectively
retard corrosion.

and similar parts of material subject to injurious corrosion _
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tion.

rder 1262. Grades D and E Construc

0 A, Poles. 1. Strength of unguygd poles. Unguye:d 11301es(ji
at the time of installation, shall Wlt?;gzndAthi geétﬁid aéale
transverse loads specified in Qrder , A al °
lgflgitudinal loads specified in Order .1254.0 without eX(}:leed
ing the following percentages of their ultimate strength.

Percentages of ultimate
strength for different grades

Grade D | Crade E

25 37.5
e strengbh_ e ieenaees = 3
%“3; %;;g?;fé?li:l stragngth {for poles carrying not more than two wires) ..

re guyed, the

. Strength of guved poles. Where poles are guyed,
po?esss;ha-llgge considered as ac_ting_ as struts, ref,lsil:n%gdtgg
vertical component of the fension in thpj guy caleula
in Order 1262, C combined with the vertical load. Guvi s

3. Strength Requirements for Poles Wi{lere uy‘%lfere
Required, but Can Only be Installa_ad.at.a Dls’pqnc%.l Wher
on account of physical conditions it is 1mpract1ca, elzgzg g
or brace the crossing poles ag specified In Orﬁerd N ,ing
the requirements there given may be mfet by teih-gcf{)SS-
and side-guying the line as near as practicable to the I(;eal'—
ing, but at a distance not exceeding 509 fet?t from e e
‘pat erossing pole, provided that the.hne is appr&x1muiva3z
‘straight and that a stranded 'steel wire of str_engt eq o
lent to that of the head %Ey is 1'ur(1i1 bet'{gzena;,hihewgdg&y °d
D i hed to the guyed po :
'p(ﬁ?&l ?ﬁznlglezgja;u;s are attached, this wire being securely
attached to every pole betweep the guyed poles. .
““ 4, Pole Locations at Crossings. Where commumcaf 1
ines cross over railroads, the poles shall be Iocated as fol-
10-“(72.') The poles supporting the crossin_g span ar.xd the ;d-
acent spans should be located _in a stralgh‘g line, if prag:t 1;:;3
ble. Where the poles supporting thg crossing span ziln e
adjacent spans are not inrlil};e,l addl(;mi)na(; guying sha
plac are of the unbalanced load. .
'1'3((3}:?;i i'}?htealéiogsing span shall be as short as pracﬁcablet:
ind in general, shall not be longer than the norma.l slljan -’gh
¢ line., No crossing span shall exceed 125 feel in leng
- thi voided. .
f'g?li‘ﬁgﬁdgriafrom Defects. Wpod poles supporting the
rossing span shall be selected timber, sound and reason-

bly straight.
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6. Minimum Pole Sizes. Poles shall have top diameters
not smaller than the values given in Table 24 below.

TABLE 24

Minimum Pole Sizes for Grades 13 and E

Diameter ?f top of pola
Grade D Grade E

Number of wires carried by pole

Inches Inches
[} [}

7 |3
8 7

7. Spliced Poles. Spliced poles shall not be uged at Grade
D or E erossings or conflicts.

8. Poles located at Crossings over Spur Tracks. Where
a communication line paralleling a railroad track on the
rlght of way of the railroad crosses a spur or stub track
without any change in the general direction of line, the
transverse strength requirements for grade E construction
may be met without the use of side guys, providing the pole
is nqt stressed beyond one-half its ultimate strength. No
requirements for longitudinal strength are made if the con-
ductor tensions are balanced. Where conductor tensions
are not balanced, due to a small angle in the line at one or
both poles, or to dead-ending any of the wires, either suys
or braces shall be installed capable of withstanding such
unbalanced tensions.

9. Height of Poles Adjacent to Crossing Poles. The
height 0;_":' poles adjacent to crossing poles shall be such that
’_che vertical distance from the top cross arm of the cross-
ing pole to a straight line connecting the top cross arms of
the next adjacent poles on either side of this crossing pole
shall not exceed the values given below:

Allowable

Average Length of Span gﬁt?llﬁ?:lu

Feet

Leas than 100 feet..
100 to 130 fees
Exceeding 130 feet.

_ B. Pole Seltings. Poles shall be set to such a depth and -
in such a manner and back filling ghall be so thoroughly:

ELECTRICAL CODE—ORDER 1262 126

tamped that the applied load will break the pole before the
butt is pulled loose from its_, setting.

Becommendation: A table of recommended depths of setting is
given in Appendix F.

C. Guys. 1. General. The general requirements for
guys are covered under “Miscellaneous requirements for
overhead construction” (sec. 128).

2. Where Used. Side guys or braces shall he used on
poles supporting the crossing span to withstand the loads
put upon them in accordance with the conditions specified
in Order 1254, B.

Head guys shall be installed in aceordance with Table 25.

Exception 1: Side guys are not required where the crossing poles
have the transverse strength specified in Order 1262 A, 1. Head
guys are nct required where the crossing poles carry not more than
fwo wires and have the strength specified in Order 1262 A, 1.

FException 2: This rule does not apply to erossing poles under the
special conditions set forth in Order 1262 A, 3 above.

Exception 8: Where an overhead crossing which makes an angle
with the tracks of less than 45° involves at either erossing pole an
angle in the pole line, the side guy within the angle may be omitted.

Exception 4: Guying may be omitted where communication lines
cross over spur or stub tracks as provided in Order 1262 A, 8.

8. Guys Used for Transverse Strength. Guys shall be
considered as taking the entire load in the direction in
which they act, without exceeding the following percentages

f the ultimate strength of the material.

Percent
Grade K

- 4. Guys used for Longitudinal Strength. (a) Direction
of Head Guys. Poles supporting the crossing span shall be
head guyed away from the crossing. .

(b) Size and Number of Head Guys. Guys for various

wire loads shall be supplied as per Table 25.

Exception: This role does not prevent the omission of head guys

where the crossing poles have the strength specified in Ovder 1262,
A, 1 above and earry not more than two wires.
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TARLE 25

Strengith (in Pounds) of Head Guys Required for Heavy Loading
Districts

(Combinations of standard-gize guys may he used)

Ratic of guy lead to height not less than

Number of Wires -—
134 1 ¥

Grade D. HeavyLoading

4,000
4,000
6,000
10,000 )
16,000 K 20,060

20,000 , 5

20,000 ! 30 :ggg
26000 ; 36000
30000 : 40,000 . 80,000
36,000 : 48,000 70,000

Grade E. Heavy Loading

4,000 4,000
4000 4.000
10000 | 10000 ;
. 10,000 10,000
10,000 12,000 16,600 16,000

16,000 16,000 16,000

16.000 20,006 20,000 %g ’388
20,000 26 000 26000 30600
20,000 26,000 30,000 36 /000
26 000 30,000 22000 40,000

Note o Table 25. This table is based i
; , : 1 on ultimate or breaking strength of ix
nominal strengths shown in the Table and a wite load of 5G per csnt Ngi;S BO. %wé.%ggﬁla?dsgge;;:ﬁﬂi gg; hg

A. W. G. copper with an average pull of i i
the Spo Ll an a7 E!Sga é}:adogu‘;ﬂ.sﬁﬁ pounds per wire. No guy will be reqoired for a eable, since

5. Location of Guy Anchors. Gu
) . y anchors shall, where
possible, -be Iocated 80 that the horizontal distance from the
1ground line of ‘_che pole to the guy or guy rod will be not
;1?; Eha&l the }nelgfht %bove ground of the attachment of the
0 the poles for head guys, and not legs th -thi
that height for side guys. " than one-thivd
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.
. ]:25 Cw;is Arms. 1. Material. Wood cross arms sup-
orulig the crossing span shall be of i
other suitable timber. @ of yellow pine, fir, or
2. Minimum Size. (a) Wood Cross Arms. Wood Cross
arms shall have a cross section not less than the following:

Cross section

Length of arm (inches)
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(b) Steel or Iron Cross Arms. Galvanized or painted
iron or steel cross arms of strength equal to wood cross
arms may be used.

3. Double Cross Arms. Cross arms and insulators shall
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.

E. Brackets and Rocks. Brackets or racks may be used
only if used in duplicate or otherwise designed so as to af-
ford two points of support for each conductor.

Exception: For 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 east iron, or locust or equivalent
wood.

2. Strength. Insulator pins shall have sufficient strength
to withstand the leads 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 less than
114 inches.

(b) Metal Pins. Steel or iron pins shall have diameter
of shank not less than one-half inch.

G. Insulators., Tach insulator shall be of such pattern,
design and material that when mounted it will withstand
without injury and 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.

1. 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 result.

2. Sjze. 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 ghall be of such size and so

“erected as to have a mechanical strength not less than that

of the sizes of copper conductors given in (a) and (b) be-

- low.

“ (a) Spans not Exceeding 150 Feet. The sizes in Table
26 apply.
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TABLI 26
Grades D and E Minimum Wire Sizes

(A, W. @&. for capper; Sti. W. Q. for steel)

Spans of 125 feet or Spans of 125 feet 4
Conductor Loading P less ? pan ?55 fﬁatee ¢

Distriet
Grade D Grade B Grade D Grade E

Copper, hard-drawn H
Steel, Galvanized: e 1 10 i Y

In Generalo.. .______ All 10 12 8 10
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TABLE 27

Minimum Stringing Sags of Bare Hard-Drawn Copper Wire or Steel
Wirve for Loading Districts Indieated

Heavy Loading

Sag (in inches)
100°F, . 6e° F. 40° T

Length of span (in feet)

=)
)
=

(b) Spans Exceeding 150 feet. If spans in excess of 150
feet are necessary, the size of conductors specified above
or the sags of the conductors shall be correspondingly in-
creased.

3. Paired Conductors Without Messengers. Paired
wires without a supporting messenger shall be climinated
as far as practicable and where used shall meet the follow-
ing requirements:

(a) Material. Each conductor shall be made of bronze,
1]”13,1'(1 c(}irawn copper, or copper covered steel, and shall be
inne

(b) Bize. Each wire shall be not smaller than the fol-
lowing:

Hard-drawn copper
Bronze

(¢) Limiting Span Lengths. Paired wires shall in n'o
case be used without a supporting messenger in longer
spans than the following:

For grade D construction
For grade E construction

4. Sags. Conductors of the crossmg span shall be strung
with sags not less than shown in Table 27.

b4 4 834
434 a1
g}é

RN

634

w2 OT-TON Lk SO DO DD

5. 8plices and Taps. Splices and taps shall not be made
in the crossing span and preferably not in the adjacent
spans.

6. Simultaneous Crossing over Railroad and Supply Line.
Where conductors crogs in the same span over a railroad
track and a supply line carrying from 750 volts alternating
current (440 volts to neutral or ground) fo 5,000 volis 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 construc-

tion when crogging main and minor tracks respectively.
- J. Messengers. 1. Minimum Bize. (a) Spans not Ex-
eeding 150 Feet. Table 28 gives the minimum sizes of

_ galvan17ed steel-strand messenger to be used for support~
: mg different sizes of cables:

TABLE 28

Minimum Sizes of DMessenger

. Messenger
(nominal break-
Size of eable in weight per foot ing load)
pounds

p
Exceedmg 5 and less than 8 pound

b) Spans Exceeding 150 Feet. TFor spans exceeding
B0 feet or for heavier cables a proportionately larger mes-
senger or other proportionately stronger means of support
hall be used.
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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 subjected to the loading prescribed
in Order 1253 the tension in the messenger will not exceed
the following values of safe working tension:

TABLE 20

Safe Working Tension in Messengers

. . Safe working
Nominal breaking load of messenger {in pounds) tension of mes-
BEDger

peunds

K. Inspection. Al parts of the supperting structures of
the crossing span shall be examined annually by the owner
and all defective parts shall be promptly restored to a safe
condition." ‘ -

Order 1263." Grade N. Construction.

A. Poles and Towers. Poles used for lines for which
neither grade A, B, C, D, or E is required shall be of such
initial size and so guyed or braced, where necessary, as to
withstand 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 construc-
tion” (see. 128). . L

C. Cross-Arm Strength. Cross arms shall be securely
supported, by bracing if necessary so as to support safely
loads to which they may be subjected in use, including line-
men working on them. Any cross arm, or buck arm, ex-
cept 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,

Note:" Double cross arms are generally used at crossings, unbal-

anced corners, and dead-ends in order to permit conductor fastenings
atl 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,

D. Supply-line Conductors. 1. Material. All supply
conductors shall be of copper, aluminum (with or without "
steel reinforcement), copper-covered steel, or other mate-":
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rial which will not corrode excessively under the prevailing

conditions.
2. Size. Supply-line conductors shall be not smaller than

the following:
TABLE 30
Grade N Minimwm Gauge Sizes for Supply-Line Conductors

(A. W, G, for copper and aluminum; Stl. 'W. & for stecl) "

TUrhan Rural

Soft Copper g
Medium or hard drawn-copper.__ . 9
Steel

TUrban and Rural

Bpans 150 ft. | Spans exceed=
or less g 150 ft.

Not reinfored __._. 1 g
Bteel-reinforced ... i

Recommendation: It is recommended that except as modified in
table 23, Order 1261, F, 2, these minimum sizes for copper an§ st_eel
are hot used in spans longer than 150 feet for heavy-loading distriet.

E. Supply Serwvices. 1., Material. All supply service

* conductors ghall 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,

~. 2. Size of Open-wire Services. (a) Seven Hundred and
Fifty Volts or Less. Supply-service leads of 750 volts or
less shall not be smaller than required by (1) or (2) below.
=" (1) Spans not exceeding 150 feet.

TABLEE 31
Minimum Sizes of Service Leads Carvying 750 Volts or Less
(A, W. (. for copper; StI, W. . for steel)

Coppor Wire Steck wi
] el wire
Situation Soft- Medium er
drawn hard-drawn

10
Concerned with communication eonduetors 10
Qrer supply conductors of 0-750 volia_ 10

750 0 7,600 volts (2) 8

Exceeding 7,500 volts (a) 8
Over trolley confact eonductors

010 750 voitg a. €, or d. ¢u oo icas 8

Exceeding 750 volts d. c._ : i

1o Installation of servics lends of not more than 750 volts over supply lines of more than 750 volts should be
svoided whera practicable.
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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 volage.

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 Tollowing.

TABLE 32

Sazs for Open-Wire Services

Epan lengﬁhgg%gst) Sag

. Inches
0orless . .. __ . 12

Wote 85 .~ LTI mmTmTTn 18
125 to 150 ...

- 27
Exeeeding 160, _._____ " [Tt | Grade C sags. (See tables of Appendix B)

(b)” Excéeding 750 volts. Supply service Jeads 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-
mentg are met,. ‘

(a) Size, The size of each conductor shall be not Tess
than required for leads of separate conductors (Order 1263,
~ (b) Sag.” The sag of the cable should be not less than
required for leads of separate conductors (Order 1263,
E, 8).: S o

(c) Insulation. The insulation should be sufficient to
withstand twice the normal operating volfage.

. 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 less
size than No. 0, if of copper, or No. 4, if of silicon bronze

H. Cradles at Supply-Line Crossings. Cradles should
not be used,

Note: It is less expensive and better to build the supply Hne:
strong enough to withstand extreme conditions than to build a eradle:
of sufficient strength to eateh and hold the supply line #f it fally,
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I. Communication Conductors. There are ho spec1ﬁc 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 gra}de
A or B construction is required. They do n_ot apply to line
insulators in grades C, D, E, or N construction.

Order 1271. Material and Marking. .

Thsulators for operation on supply lines at voltages of
2,300 and above shall be of porcelain, made by Fhe wet
process or one equally suitable as regards e:]ectrlgal a.n_d
mechanical properties, or other materlal_ which will g:lVEIB
equally good results in respect to mec}}a.mcal and electrica
performance and durability. These _msu]_ators should be
marked by the maker with a class1ﬁcat}on nurqber and
maker’s name or trade-mark, the marks_ being applied 50 28
not to reduce the electrical or mechanical strength of the
insulator.

Order 1272. FElectrical Strength of Insulators in Strain
Position. ' -

Where insulators are used in strain posflclon they shall
have not less electrical strength than ithe insulators gen-
erally used on the line when under th-e nor_mal m_echamcai
stresses imposed by the loadings specified in section 125.

"Order 1273. Ratio of Flash-Over to Puncture Voltage,

Insulators shall be designed so that the-.ir dry flashover
oltage is not more than 75 per cent of their puncture volt-
‘age at a frequency of 60 cycles per second.

-Ordel' 1274. Test Voltages. ‘ ‘ _

Insulators when tested under American Instltut.e'of Hlec-
rical Engineers’ specificationg shall flagh-over at values not
s than given in Table 33.
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TIABLE 33
Test Voltage Reguirements

(Based on Line Conditions of Order 1276, B, 1.)

Minimum test

dry flash-
Nominal line voltage riolt:;e g¥er

insulators

220,900
315,000
390,000
420,000
560,000

(Tuterpolate for intermediate values)

Order 1275. Factory Tests.

Bach insulator or part thereof for use on lines operating
at vgltag‘es in excess of 15,000 volts shall be subjected to a
routine .ﬂash-over dry test at the factory for a period of
three minutes at a frequency of 60 cycles per second or to

any other test sanctioned by good modern practice, such as
high-frequency tests.

Order 1276.  Selection of Insulators.

) A. Insulation of Constant-Current Circuits, The insula-
tion for constant-current circuits shall be determined on the
basis of their nominal full-load voltage.

- Bl Imsulotors for Nominal Line Voltages. In selecting in-
sulators of the test voltage to be used for any nominal line
vol’gage, consideration shall be given to the conditions under
which the line will operate and to the presence of crossings
as follows: T '

L W_h_eré the system is of moderate extent with grounded
neutral in open country subject to intermittent raing and
m_oderate lightning and uses wood poles with suspension or
pin-type insulators, insulators of the flash-over voltage re-

quired in Table 33 for the contemplated line voltage shall -

he used. ,
2. Where operating conditions are more severe than set

forth in 1 above, due to steel construction, extent of system,- :

use of ungrounded neutral, prevalence of exceptionally
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severe lightning, bad atmosphere due to chemical fumes,
smoke, cement, dust, salt fog, or other foreign matter, or
to a long dry season with heavy dust accumulation followed
by moisture, larger insulators than the minimum specified
in Table 33 should be used. The amount of increase is to
be determined by local experience.

3. At crossings over steam railroads or over communica-
tion lines other than minor communication lines where
grounded construction or ungrounded metallic pin or cross-
arm construction is used, but where the line elsewhere is of
wood-pin construction the insulator shall have a dry flash-
over test voltage of not less than 25 per cent greater than
given in Table 33.

Exception: The 25 per cent increase does not apply if all the in-
gulators in the lne are of the suspension type or if construction in
accordance with Order 1278 helow is employed,

Order 1277. Protection Against Arcing.

TIn installing the insulators and conductors, such precau-
tions ag are sanctioned by good modern practice shall be
taken to prevent, as far as possible, any arc from forming
or to prevent any arc which might be formed from injuring
or burning any parts of the supporting structures, insulat-
ors or conductors which might render the conductors liable
to fall.

Order 1278. Compliance with Order 1277 at Crossings.
At crossings, construction in accordance with the follow-

_ing methods will be considered as a means of meeting the
. requirements of Order 1277 above,

A. Pin-Type Insulators. 1. Double Construction.
Double cross arms, pins, insulators, and conductor fasten-
ings on the crossing supports.

9. Insulation at Crossing Supports. (a) Insulators

which meet the minimum values as given in Table 33 and

have a rating not less than those in the remainder of the

line under the following conditions:

(1) Wood pins, ungrounded at the crossing supports,
with wood or metal pins grounded or ungrounded through-

. out the line.

(b) Insulators which have a rating of 25 per cent great-
er than the requirements of Table 33, but not less than the
nsulators in the remainder of the line, under the following

“conditions:

" (1) Wood pins, grounded at the crossing supports and
throughout the line.
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(2) Metal pins, grounded or ungrounded at crossing sup-
ports and throughout the line.

(e) Insulators at the crossing support which have a rat-
ing B0 per cent greater than those in the rest of the line,
but not less than 25 per cent greater than required by Table
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
ping ungrounded throughout the remainder of the line.

{3) Metal ping, ungrounded at the crossing support with
wood pinsg ungrounded throughout the remainder of the
line,

B. Suspension Insulators, 1. Double Cross Arms.
Double cross arms on crossing supports,

Exception: This does not apply to latticed or trussed steel cross

arms nor to steel cross arms used Wlth a single string of insulators
as per 2 (b) following."

2. Number of Insulator Strings. (a) Double Tnsulator
Strmgs Double strings of the insulators used on the cross-
ing supports except under the special conditions covered in
(b) following,

(b) Single Insulator 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.

-(2y Hardware throughout providing a factor of safety
of not less than 2 against the assumed maximum tension
in the conductor in one direction; ..~

{3): A high-strength" clamp which will prevent the con-
ductor under "agsumed maximum loading conditions from
slipping into the crossing span.

-(4) An extra unit where sirings of 5 or less are used
elsewhere in the line and 2 extra units where strings of 6
of more are normally used, these extra umts to be provided
in addition to those in 4 below. :

-+ 3. Pogition: 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 posmon.
4, Insulators in Suspended Posmon. (a) Ungrounded
Crossing Supports. Insulators which meet the require-

ments of Table 83. TIn all cases the insulation at the cross- -

ing to be at least equal to that elsewhere in the line.
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(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
83 with one extra umnit in each string normally requiring 5
or less and 2 extra units in each string normally requiring
6 or more; in all cases, the insulation at the crossing to be
at least equal to that elsewhere in the line. '

(¢) Grounded Supports at Crossing Only. Insulator
strings which have one extra unit where the strings in
other portions of the line normally have 5 or less and 2
extra units where the strings elsewhere in the line have 6
or more units; in all cases the ingulators 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 gtrings normally requiring
5 or less, nor more than 3 disks to strings normally requir-
ing 6 or more.

SECTION 128. MISCELLANEOUS 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. Gunarding 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
voits to ground, either guards or warning signs shall be
used except as follows:

Exception 1: Where the right of way is completely fenced.
. Exception 2: Where the right of way is not completely feneed,

provided the poles or towers are not adjacent to roads, regularly

traveled thoroughfares, or places where people ifrequently gather,
such as schools or public playgrounds.

'3 Warnmg Signs. (a) On Poles or Towers. For warn-
mg signg on poles or towers, see Order 1280, A, 2, (b).
(b) On Bridge Fixtures. Structures attached to bridges
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for the purpese of supporting conductors shall be plainly
marked 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—High Voltage” (See Orders 1214,

C, 2 and 8).

4. Grounding Metal Poles, Metal poles not guarded or
isolated 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
should always be considered as imperfectly grounded and
the insulators supporting line conductors as well as the
strain insulators in attached span wires should, therefore,
have a suitable margin of safety and be maintained with
special care to prevent leakage to the pole as far as prac-
ticable.

5. Pole Steps. (a) Metal Steps. Steps closer than 614
feet from the ground or other readily accessible place shall
not be placed on poles. :

- (b) Wood Blocks. One wood block (or on private right
of way more than one) may be placed on poles carrying
communication cables or paired conductors below supply
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.

6. Identification of Poles. Poles, towers and other sup-
porting structures on which are maintained electrical con-
ductors shall be so constructed, located, marked, or num-

bered as to facilitate identification by emplovees authorized -
to- work thereon.. Date of installation of such structures °

shall be recorded where practicable by the owner.

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:  Because of the difﬁculty of stenciling signs on = creo-

soted surface metal signs may be used on creosoted poles in locations
and as noted in Order 1214c.

B. Cross arms. 1. Location. In general, cross arms

should be maintained at right angles to the axis of the pole -

and to the direction of the attached conductors, and at
crosgings should be attached to that face of the sgtructure
away from the crossing, unless special bracing or double
crosg armsg are used.

- person using them. The supporting of conductors on trees

" ors, they shall be trimmed, if practicable, so that neither

- sagging of conductors in wind or ice storms or at high tem-

~and the trees. (See Sections 86.11, 86.12 and 86.16 of the
. 1929 Wisconsin Statutes).

difficult, the conductor may be protected against abrasion and against
-~ grounding through the tree by interposing between it and the tree a

device.

crossing span and the next adjoining spans shall be kept
free, as far as practicable, from overhanging or decayed

Order 1282. Guying.

“towers, or other supporting structures are greater than
.can safely be supported by the poles or towers alone, addi-

. or other suitable construction.
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Note: Double cross arms are generally used at crossings, urbal-
aneced corners, and dead ends in order to permit conductor fastenings
at two insulators and so prevent slipping, although single eross arms
might provide sufficient strength. To secure extra strength, double

cross arms are frequently used and cross arm puys are sometimes
vsed,

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
shall be taken to avoid injury to such structures or to the

and roofs should be avoided where practicable.

Order 1281. Tree Trimming,
A. General. Where trees exist near supply-line conduct-

the movement of the trees nor the swinging or increased

peratures will bring about contact between the conductors

Exception: For the lower-voltage conductors, where trimming is

ufficiently nonabsorptive and substantial insulating material or

" B, At Wire Crossings and Railroad Crossings. The

rees which might fall into the line.

A, Where Used. When the loads to be imposed on poles,

ional strength shall be provided by the use of guys, braces

"Guys shall be used also, where hecessary, wherever con-
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ductor tensions are not balanced, as at corners, angles, dead
ends, and changes of grade of construction.

Note: This is to prevent undye 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.. oo o
~ 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... . .. . . S
.+ 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 i 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 suitable means of
preventing this action should be used.: Shims are not neces-
gary in the casge of supplementary guys, such as storm guys.

8. Guy Guords. - The ground end of all guys attached to
eground anchors exposed to traffic ghall be provided with a
substantial and conspicuous wood or metal guard not less
than 8 feet long, IRTON SRy o :

" Reconimmendation: Tt i8° recommended that in- exposed or poorly
lighted locations suchi guards be painted white or some other con-
spicuot[s.'cdl(')r.'- L - : :_: o e ‘. R .

- I Insulating Guys from Metal Poles. Where anchors
would otherwise be subject to electrolysis, guys attached fo
metal poles or structures and not containing guy insulators
*should be insulated from' the metal pole or structure by
suitable blocking, * e o

"G Anckor Rods.  Anchor rods shall Bé ingtalled 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.-.. .~ . .7 piii

- H.. Grounding, . The anchored end of guys attached to
wood poles carrying circuits of more than 15,000 volts shall
be permanently grounded (see section. 130.9 for method)

ahove another, insulators shall be so placed that in case any
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wherever this part of the guy has a clearance of less than
8 feef to ground. '

_Except;on 1: Th;'s does not apply to guys in rural districts.

L‘“xcep"mon 2: This does not apply if the guy contains an insulator
which W1_11 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) Gr;_ad.es G, D, B, and N. No requirements are made
for material. .

2. Electrical Strength. Guy insulators shall have a dry
flagh-over Voltage'at least double the normal line voltage
a:nd a wet flash-over voltage at least ag high as the normal
line voltage between conductors. '

3. Mgchanical Strength. Guy insulators shall have a
meche‘tmcal strength at least equal to that required of the
guys in which they are installed.

B. Use of Guy Imsulators. 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 rot more than 15,000 volts
between condl‘mtors, or in any guy which ig exposed to such
voltages. This guy insulator shall be located from 8 to 10
feet above tha ground.

Exeeption: A guoy insulator is not regu i
quired where th
grounded under the conditions set forth in 4 following. ¢ By s

2. ’_I‘wo insulators. Where a guy attached to any pole
carrying communication or supply conductors or both, is
carried over or under overhead supply conductors of m’ore
th?,n 300 volts to ground and where hazard would otherwige
f,-x1st, two or more guy insulators shall be placed so as to
include the exposed section of the guy between them as far

as possible. Neither insulator shall be within 8 feet of
the ground. '

Exeeption: These insulators are not required where the guy is

grounded under the conditions set forth in 4 following.

3. Relative Location of Insulators in Gu

A vs located One
Above the Other.  Where guys in which it is necessary to
install insulators are so arranged that one crosges or is
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guy sags down upon another the insulators will not become
i tive.
mii.feém‘lrditions not Requiring Guy Insulgtors. I‘n_sula’.cors
are not required in guys under the following conditions .d .
(2) Where the guy is electrically cor_mected to grounde
steel structures or to a ground conne(}tion on wood poles.
(b) Where the guys are uniformly permanenﬂy
grounded throughout any system of overhead lines.
Jrder 1284, Span-Wire Insulators. . =
Orfx. Mechamccfl' Strength. Span-wire insulators shall
have a mechanical strength at Ieast.equal to that required
of the span wire in which they are installed. . i
B. Use of Span-Wire Insulators. AI} span er'es,_mclu -
ing bracket span wires, shall have a su?cable str.mn insulat-
or (in addition to an insulated hanger if ug,ed) jnserted be-
tween each point of support of the span wire and the %amp
or trolley contact conductor supported, except that single
ingulation, as provided by an insulated hanger, may be per-
mitted when the span wire or bracket is supported on
wooden polés supporting only trolley; _rallvg*ay 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 eve-nt 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
usged as span wilfes. _

r 1285, Conductors. - o
Org?rIigntiﬁcation. All conductors of - electrical supply
and communication lines should be arrang_ed to occupy defi-
nite positions throughout, as far as practicable, or shall .b'e
so constructed, located, marked, or nur_n_bered as to facili-
tate identification by employees authqr{_zed to Worl_{ .there-
on. . Thig does not prohibit systematic transposition of

mductors. T T o
cor];(.iuf?mn'ch Conmnections. 1. Accessibility. Conngctlons
of branches to supply circuits, service_ lgops_, and .equlpment
in overhead construction shall be_ readily accqsmble to au-
thorized employees. When tpo_smble, connections shall be

s ot other structures.
mag.e g%era);ilce.f Branch connections shall be supported
and placed so that swinging or sagging cannot _brmg them
in contact with other conductors, or interfere with the safe
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use of pole steps, or reduce the climbing or lateral working
gpace.

Order 1286. Equipment on Poles.

A. Identification. All equipment of electrical supply and
communication lines should be arranged to oceupy definite
positions throughout, as far as practicable, or shall be con-
structed, located, marked, or numbered so ag to, facilitate
identification by employees authorized to work thareon.

B. Location. Transformers, regulators;, lightning ar-
resters, and switches when located below conductors or

other attachments shall be mounted outside of the climbing
space,

C. Guarding. Current-carrying parts of switches, auto-
matic eircuit-breakers, and lightning arresters shall be
suitably inclosed or guarded if sll the following conditions
apply.

1. If of more than 300 volts to ground, and,

2. Tf 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
switches, 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, 8,
(a), for conductors of corresponding voltages. (See also
Orders 1422 A, B, and C.)

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:

Inches
{a) In general ________ .. ____ o ___ 20
(b) If Jocated on the side of the pole opposite the desig-
nated elimbing side _________.___________ ____ 5

Exception: This does not apply where lamps are located at pole
tops.
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2. Clearance Above Ground. Street lamps shall be
mounted at not less than the following heights above
ground.

{a) Over walkways
- {b) Over roadways—
Connected to cireuits of 150 volts or less

/\Connected to circuits of more than 150 volts

‘3. Horizontal Clearances. Arc and incandescent lamps
in’ geries circuits should have at least 8 feet horizontal clear-
ance from windows, porclies, 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
fagtenings shall be examined periodically.
. b. Insulators in Suspension Ropes. :Effective insulators
as specified in Order 1283, A, should be inserted at least 8
feet from the ground in metallic suspension ropes or chains
supporting lighting units of series circuits.

6. Arc-Lamp Disconnectors. A suitable device shall he
provided by which each arc lighting unit on series circuits
of more than 300 volts to ground may be safely 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 1nsulat1ng tools, and treated as under full voltage
of the c1rcu1t concerned :

Order 1287._. Protectmn 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.” (mcludmg trolley) lines of
motre than 400 volts to ground '

1. At stations for public use they shall be protected by
one of the methods specified in part 3, section 136.0.

2. Elsewhere they shall be isolated by elevation or other-
wigse 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.
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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-
cireuit construction and protection for any section which
is isolated, or is separated by transformers, such construc-
tion and protection shall be consistently adhered to through-
out the extent of such isolated section of the communication
system,

B. Guarding. Communieation 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 to
the public.

C. Where Ordinary Commumcatmn Line Construction
Moy 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 crossmgs, conflicts, or on commonly
uged poles, provided:

(a) Such communication circuits occupy a position be-
Iow all other conductors or equipment at crossings, conflicts
or on commonly uzed poles.

(b) Such communication circuits and their connected
equipment are adequately guarded and are accessible only
to authorized persons.

(c) The precautions of orders 1360.06 & 1360.07 and
Section 144 of Part 4 have been taken.

2. Where such circuits are below supply conductors in
the operation of which they are used and are above other
supply or communication conductors at wire crossings, con-
flicts, or on the same poles, provided the communication
circuits are protected by fuseless lightning arresters, drain-
age coils, or other suitable devices to prevent the communi-
cation circuit voltage from normally exceeding 400 volts to
ground.

Note: The grades of construction for communication conduetors
with inverted levels apply.

D. Where Supply Line Construction Must Be Used. Com-
munication circuits used in the operation of supply lines
shall comply with all requirements for the supply lines with

10
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which they are used, where they do not comply with the
provigos of C,-1 above or the proviso of C, 2 above.

Exception 1: Where the voltage of the supply conductors con-
cerned exceeds 7,500, the communication conductors need only meet
the requirements for a 7,500-volt supply circuit.

Exception 2: Where the supply conductors are required to meet
grade C, the size of the communication conductors may be the same
as for grade D (sce Order 1262, I, 2) for 3pans up to 150 feet.

Order 1289. Electric Railway Construction.

A. Trolley Contact Conductor Supports. All overhead
trolley contact conductors shall be supported and arranged
so that the breaking of a single contact conductor fastening
will not allow the trolley-conduector, live 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 shall
comply with Order 1284.

B. High-Voltage Contact Conductors. Every trolley con-
tact conductor of more than 750 volts in urban districts
where not on fenced right of way shall be suspended so as
to minimize the liability of a break, and, as far as practi-
cable, 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 publie.

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 ot Railroad Crossings.
Trolley 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.

1.. The trolley contact conductor shall be provided with
hve trolley guards of suitable construction, or,

2. The trolley contact conductor ghall be ag far as prac-
ticable at the same height above its own track throughout
the crossing span and the next adjoining spans. Where a
uniform helght above rail is not adhered to, the change
shall be made in a very graduval manner. Where the cross-

ing span exceeds 100 feet, catenary construction shall be
used

Exceptson Thig rule does not apply where the system is protected
by interlocking derails or by gates.

_ E Guards Under Bﬁdyes. 1. Where Guarding is Re-
quired. Guarding is required where the trolley contact con-
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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 frough 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 129. ORDERS FOR UNDERGROUND LINES

Order 1280. Location of Duct 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 fracks and all under-
ground structures, including cateh basing, gas pipes, etc.,
should be avoided where practicable. Conductors and ca-
bles carried underground under railways shall be placed in
guitable 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
radius, and the spacing between adjacent manholes should
be reduced proportionately.

C. Muanholes. Manholes shall, where practicable, be lo-
cated so as 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 8 feet.
At crossings under railroads, manholes, pull hoxes, and ter-
minals shall be located away from the roadbed (preferably
outside the fenced right of way).

Order 1291. Construction of Duct Systems.

A, Muoterial, Size, and Finish of Duets. Ducts ghall be
of such material, size, mechanical strength, and finish as to
facilitate the installation and maintenance of conductors
or cables. DPucts ghall be freed from burrs before laying
and shall have clear bores.

B. Grading of Ducts. Grade of ducts shall be such as to
drain toward manholes or handholes. A grade of not less
than 8 inches in 100 feet of length shall be provided where
practicable,

C. Alinement of Ducts. Ducts ghall be laid so as to pre-
vent inside shoulders at joints.

D. Duet Joints. Joints in duct runs shall be made me-
chanically secure to maintain individual ducts in alinement.
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B, Protection. 1. Settling, Ducts should be suitably re-
inforced or be laid on suitable foundations of sufficient
mechanical strength where necessary to protect them from
seftling, . .. .

2, Damage, . Ductg should be protected by concrete or
other: covering: where necessary to prevent being damaged
by workmen when digging, or by other causes,

F. Clearances. 1. General. The clearances between duct
gystems and other underground structures, particularly gas
lines paralleling them; shall be as great as practicable. The
distance between the top covering of the duct system and
the pavement surface, or other surface under which the
duct system is constructed, shall be sufficient to protect the
duct system from injury.

"2, Railroad Tracks.. The distance between the top of
the duct system structure and the base of the rail shall be
not lesd than 30 inches in the case of street railways and
not legs than 42 inches in the case of qteam and electric
rallroads.

- Exceptmn 1 Whe'r'e' the ballasti"seetion subjer:l; to wnrking and
cleaning is less than 42 inches, the ecléarance may be redueed for
street railways to not less than 18 inches; and for steam and eleetric
railroads to not less than 30 inches; but in no case to less than the
depth of ballast section plus & mches In leu of the additional depth
of & 1nches, a 1%%-inch creosoted plank or 3 inches of concrete, or

iron plpe may be pr0v1ded

Note : The above clearances are based on a, duct System, the width
of which is not more than 8 creosoted wood ducts, 4 vitrified clay
ducts, 4 impregnated fiber ‘ducts o 4 iren of mild steel pipes. These
clearances do not apply to bridge-type structures de51gned to sustam
the Welght of the roadhed and the operatmg' load .

“When a VVldeI‘ duct system is contemplated, addltmnal strength of
eonstruction. and protection should be provided, or the duct system
should he placed at greater depth.

Where unusually hard digging, as’ in rock or when obstructlons
aré encountered, a condnit rin may be spread to a width of six ducts,
so ‘ad to mamtam ‘the requued clearance beneath the base of the rail.

Exceptmn 2 Where physmal and ehemlcal condltlons wﬂl pelmlt
a duct system consmtmg of not more than two iron pipes, not ex-
ceeding 3 inches ir diameter, or two ecreosoted wood ducts, not ex-
ceeding 4% inches square, used for communiecation lines or for service
supply lines not exceeding 750 volts, may be laid in the ground he-
neath the tracks without any other form of protection at a depth
not less than 18 inches below the base of the rail unless the worked
ballast section of the roadbed exceeds 18 inches, in which case the
duct system shall be laid below the ballast section.
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G, Separation Between Supply end Communication Duct
Systems. 1. General. Duct systems, including laterals, to
be occupied by communication conductors for public use
should be separated, where practicable, from duct systems,
including laterals, for supply conductors by not less than 3
inches of concrete, 4 inches of brick masonry, or 12 inches
of well-tamped earth..

Exception; Extensions may, however, be made to existing inter-
connected or jointly owned and jointly oeccupied duect systems used in
eommon by municipalities, communication ecompanies, or power com-
paniez with less effective separations than above specified,

2. BEntering Manholes. Where communication conduct-
ors and supply conductors occupy ducts terminating in the
same manhole, the two classes of ducts should be separated
as widely as pract;c_able and where practicable should enter
the manhole at opposite sides,

Explanation: This requlremen{: ig made so that cables can be
racked along side walls with a minimum of erosses between the two
classes of conductors.

H. Duct Entrances into Manholes. 1. Clearances. Duct
entrances into manholes should, where practicable, have a
clearance above the floor or below the roof line of not less
than 6 inches, and from either side wall of at least 4 inches.

2. 8mooth Cutlet. Iron pipe conduit terminating in man-
holes, handholes, or other permanent openings of under-
ground systems, shall be provided with an effective shield,
bushing or other smooth outlet.

1, Seoling Laterals. Lateral ducts for service connec-
tions to buildings, through which gas or water may enter
buildings or other duct systems should be effectively
plugged or cemented by the use of asphaltum, pitch, or
other suitable means.

J. Duct Arrangement for Dissipation of Heat. Duct sys-
tems intended to carry supply cables of Jarge current capac-
1ty should be arranged where practicable, so that ducts car-
rying such cables, will not dissipate the1r heat sgolely
through other ducts.

Order 1282. 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 safety, the loads which
may reasonably be imposed on them.

B. Dimensions. Manholes should meet the following re-
quirements where practicable:
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1. Width, The least horizontal inside dimension should
be not less than 3 feet 6 inches. :

2. Working Space. A clear working space should be pro-
vided. The horizontal dimension should be not less than 3
feet. The vertieal dimension should be not less than 6 feet
except in manholes where the opening is within 1 foot on
each side of the full size of the manhole.

Exeception: The dimensions specified in 1 and 2 above are not
necessary in service boxes, handholes, or in manholeg serving a small
number of ducts, or in manholes unzed excluswely for ecommunication
system equipment and cables.

~ C. Drainage. Where drainage is into sewers, suitable
traps shall be provided to prevent enfrance of sewer gas
into manholes,

D. Ventilalion. 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. M'amh.,ol'e Openmgs . Tlie bpéning 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 clozed by covers of zuf-
ficient strength to sustain such Ioads as reasonably may be
1mposed upon them. - L

- G. Supports for Cables.' Supports shall be provided,
Where necessary; for all cables at each manhole, handhole,
or other permanent opening.

Note:: In hé.ﬁdhbléé which reach the top line of ducts only, or in
small manholes, the duct line itself may serve as sufficient support
for the cables.

Order 1293. Manhole Locatlon. .

Manhole opemngs shall, where practlcab]e be located so
that barriers or other suitable guards can be placed to pro-
tec’c the opemng- effectively when uncovered

Order 1294 Locatlon of Conductors.

- A. Accessibility. Cables in manholes shall be reasonably
accessible from the clear working space at all times. When
cables pass by or cross over other cables, sufficient clear-
ance shall be provided between them to prevent abrasion
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and to permit reasonable access to any cable for inspection
or repair.

B. Clearance from Manhole Floor. Tach cable shall be
maintained at a vertical clearance above the manhole floor
of at least 6 inches, where practicable.

C. Conductors Cuarrying Luarge Currents. Conductors
intended to carry large currents should be located, where
practicable, in outside ducts so that they will not necessarily
dissipate heat solely through adjacent ducts.

D. Separation Between Conductors. 1. Cables of Differ-
ent Voltages. Cables shall be arranged and supported in
ducts and manholes s0 that those operating at higher volt-
ages will be separated as far as practicable from those op-
erating at lower voltages.

2. Cables of Different Systems. Cables belonging to dif-
ferent systems, particularly supply distribution and com-
munication systems, shall not be installed in the same duct
run,

3. Conductors of Supply and Communication Systems.
(a)} General. Supply Conductors and communication con-
duetors for public use should, in general, be maintained in
separate duct systems, and particularly m separate man-
holes.

Exception: Cable extensions may be made to existing intercon-
nected or jointly owned and jointly occupied duet systems used in
common by munieipalities, communication companies or power com-
panies.

(b) In the Same Manhole. Supply conductors and com-
munication conductors for public use occupying the same
manhole should be maintained at opposite sides of the man-
hole.

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 their ingulating coverings.

Exception: This requirement does not apply to rubber-insulated
cables nor to eables used as ground connections or neutrals.

B. Protection Against Areing. A suitable fire-resisting
covermg ghould be placed on the following cables to prevent
injury from arcing:
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1. Closely grouped lead-sheathed supply cables of more
than 7,500 volts, or of large-current capacity operating at
more than 750 volts a. ¢. or 300 volts d. c.

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
each other in the same manhole. In thig case the protec-
tive covering above specified is mandatory.

. Mechanical Protection. 1. Crossings of Supply and
Communication Cables. Special mechanical protection shall
be provided against abrasion where supply and communica-
tion eonductors must eross 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
shield, bushing, or other smooth outlet.

Order 1296. Guarding of Live Parts in Manholes.

A. Conductor Joints or Terminals. Joints or terminalg
of conductors or cables of supply systems shall be arranged
80 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 cages: . ¢ " o
2. Continuity Between Cable” Sheath and Apparatus
Cases.  The metal sheathing of all condnictors or cables shall
be made mechanically and electrically continucus with the
metal cases of protective, control, or other apparatus.

Order 1297. Construction at Risers from Underground.
A. Sepuration Beéfween Risers of Communication and
Supply Systems.. The placing of risers for communication
systems and. risers. for supply systems on the same pole
should be avoided where practicable, If it is necessary to
use the same pole for the risers of both systems, they shall
be placed on opposite semicircumferences of the pole where

practicable,

- B. Mechanical Protection of Conductors. All conductors
or cables from underground systems which connect to over-
head systems shall be protected by a covering which gives
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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: Communieation circuits 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 grounded metal sheath 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 shall
meet the following requirements :

L. Protection Against Moisture. Protection shall be pro-
vided so that moisture will not enter the cable,

2. Insulation of Conductors. Conductors shall be prop-
erly insulated from the grounded metal sheath. In addi-
tion, the conductors of multiple conductor cable shall be
properly separated and insulated from each other.

Note: These requirements may be fulfilled by the use of potheads

or other equivalent devices, such as oil switches, if incidentally they
accomplish the same purpose,

E. Clearance Above Ground for Open Supply Wiring.
Supply wires connecting to underground systems shall not
be run open closer to the ground than is indicated by the
following table: .

TARLE 34

Clearance Above Geound for Open Supply Wiring

Voltage

Loceation on pole G to 750 to Exceeding
.- 750 15,000 15,000
volta velts volts

. F eét_ . F.elet. Feot
Side of pols adjseent to vehicular traffie. 14 16 18
Side of pole not adjacent to vehicular sraffie 8 11 13

Order 1298, Identification of Conductors.

Cables shall be permanently identified by tags or other-
wise at each manhole, handhole, or other permanent open-
ing of the underground system.

Exception: This requirement does not apply where the position
of a cable, in conjunction with diagrams supplied to workmen, gives
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sufficient identifieation, or where the manhole ig occupied solely by
the communication cables of one utility. '

Order 1299. Identification of Apparatus Connected in
Multiple.

Where transformers, regulators, or other similar ap-
paratus not located in the same manhole operate in multi-
ple, special tags, diagrams, or other suitable means shall be
used to indicate that fact.

Excéption: This ;féquirement does not.apply where disconnecting
devices are provided to permit cutting such equipment completely off
the system.

Appendices of Part 2

Appendix A—Minimum Permissible Sags for Line Conduct-
ors of Grades A, B, and C, and Corresponding Tensions

Sags of line conductors of different materials at 30, 60,
and 90° F. have been computed, such that when loaded the
regulting tension in the cohductor will equal 50 per cent
of its ultimate strength for grades A and B, and 60 per cent
for grade C (dee Order 1261, F, 4).

Tables 85 to 37 present values of the sag in the conductor
for wvarious spans for hard-drawn and medium copper;
Table 38 for soft copper ; Tables 89 to 44 for three grades of
steel; Tables 45 and 46 for copper-covered steel designated
ag standard grade; Table 47 for aluminum; and Table 48
for aluminum cable with steel core. Tables 49 to 62 give
the corresponding stringing tensions in the various con-
ductors: LI

The properties of the various conductors involved in the
computation of sags and tensions are given in Appendix C.
These sags and tensions are not applicable fo conductor
materials having properties which differ considerably from
the values on which the tables are based. When such ma-
terials are used, the sags and tensions should be based up-
on the actual properties of the material concerned.
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TABLE 35
Sags for Mediwm and Hard-Dravwn Bare Solid Copper Wire

HEAVY LOADING DASTRICT

{The sags belng auch that when loaded at 0°F. the wires will be stressed to 50 per cent of theie ultimate
attength for grades A and B, and 60 per cent for grade C.)
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TABLE 36

Sags for Medium and $ard-Drawn Bare Stranded Copper Wire

HEAVY LOADING DISTRICT

(The sags héing such that when loaded at 0 ° F. thig wites will be stressed to 50 per cent of sheir ultimate
strength for grades A and B, and 60 per cent for grade G.)
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TABLE 37
Sags for Medium and Hard-Drawn T. B. W, P, Solid Copper Wire

HEAYY LOADING DISTRICT

(The aags being such that when loaded 2t 0 © F, the wires will be stressed to 50 per cenf of their ultimate
strength for grades A and B, and 60 per cent for grade C.) .
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Sags for T. B, W, P. Solid Soft Copper Wire

HEAVY LOADING DISTRICT

(The gags boing such that when loaded at 0°F. the wires will bo stressed to 50 per cent of thelr ultimate
strength for grades A and B and 60 per cent for grade C.)
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TABLE 38
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TABLE 39
Sags for Ordinary Grade Steel Wire
HEAVY LOADING DISTRICT

159

(At 30, 60 and S0°F. without load, the sags being such that when loaded at (°T, the wire will be stressed $o
50 per cent of ultimate strengsh for grades A and B and to 60 per ceat for grade C.)

Bize Grade of Temperaturs

Sags (inchea) for span lengths {feef) of

AW, G, Construction

Grade of | Tempera- Sags (in inches) for span lengths (in feet) of—
Construction;  ture |
100 | 125 | 150 | 175 | 200, 250 500
4.1 | 12.5
.......... o0 6.2 | 16.b
80 11.1 | 20.0
20 4.7 | 12.0
AsndB_.__ 60 7.4 | 16.0
20 11.0 ] 20.0
2,5 | 5.4
__________ 3.6 7.7
5.3 | 11.2
3.1 6.6
4.7 | 9.8
7.4 | 14.0
2.2 3.7
.......... 2.8 6.1
4,0 7.2

TABLE 40
Sags for Siemens-Martin Steel Wire

HEAVY LOADING DISTRICT

(At 30, €0 and 90°F. without load, the sags being stich $hat when loaded at 0°F, the wire will be stressed o
50 per cent of uitimate strength for grades A and B, and to 60 per eent for grade [¢h]
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TABLE 41
Sags for High-Tension Steel Wire

HEAVY LOADING DISTRICT

e sags boing such that when loaded at 0°F. the wire will be streszed to
es A and B, and to 80 per cent for grade C.)
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Sags {in inches) for span lengths (in feet) of—

Grade of Tempera-
Construction ture 200 | 260 | 300 | 400 1,000

3.6 6.0 | 9.7

............ 4.0 6.8 | 11.2
4.3 7.5 [12.5
4.1 7.2 | 11.5
4.7 | 8.2 13.5
5.3 9.3 | 16.0
3.4 52| 1.9

____________ 3.7 58| 8.8
4.1 ] 6.4 9.7
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TABLE 42 .
: TABLE 43
Sags for Ordinary Grade Steel Cable

Sags for Siemens-Marxtin Steel Cable

HEAVY LOADING DISTRICT ;
B HEAYY LOADING DISTRICT
(At 30, 60 and 90°F, without load, the sags being such that when leaded at (°F. the cablo will be stressed to . A -
B0 per cent of ultimate strength for grades A and B, and to 6D per cent for grade C.) : (4430, 60, and 90°F. without load, the saga being such that when loaded at 0°F, the cable will be atressed to
. ; : 50 per cent of ultimate strength for grades A and B, and to 60 per cent for grade C.)
Cabie Grade of | Tempera-| Hags (in inches) for span lengihs (in feet) of - . :
diameter | Clonstrustion]|  ture i Cable diameter Grade of Temperg~ Bags (in inches) for span lengths (in feet) of—
(inches) we | iz ] 150 | 175} 200 ( 250 | 300 | 400 | 500 : {inches) Construction ture -
N o= 200 | 250 300 | 400 | &GO 600 | 700 |1,00¢
a0 3.8 8.8 | 10.¢ | 32.5 | 48.0 | 86.0 {131 250 406 °F.
AandB..__ 60 5.4 | 12.5 | 23.0 | 36.5 | 52.0 | 90.0 (135 2564 409 30 10.3 | 20.5 | 39.5 | 06.0 j166.C | 270 | 381 792
90 7.8 | 16,0 | 27.0°| 40.5 | 56.¢ | 93.¢ |138 257 413 AandB..___. 60 12.5 | 25.0 | 46.0 [103,0 [I76.0 | 280 | 389 799
L S 30 2.3 4.5 | 8.5 16.0 | 28.0 | 58.0 | 97.0 [195 328 80 16.0 | 3L.0 | 63.0 |110.0 [188.0 | 287 | 396 | 806
[ F a0 2.0 5.5 1 11.4 | 20.5 | 33.0 | #8.0 |102 200 328 O 30 7.0 | 12.5 | 22.0 | 57.0 |119.0 | 197 280 604
a0 3.8 7.8115.0 | 25.0 | 38.0 | 68.0 |106 206 332 C e 60 8.2 | 18.5 | 26.0 i 66.0 |127,0 | 208 | 207 | 672
— | - a0 9.6 | 18.5 | 31.5 | 74.0 |137.0 | 213 306 680
30 2.0 | 4.8 7.9 113.0 | 20,5 | 48.0 | 72.0 |147 241
AandB.___ 60 3.6t 6.3 10.8 | 17.0 | 25.5 | 48.5 | 78.0 {151 247 30 8.0 | 16.5 | 26.54 | 64.0 [128.0 | 198 | 288 | G40
90 4.7 8.4 ] 14.0 | 21.0 | 81.0 | 54.0 ; 83.0 147 252 Aand Bo_____ 60 10.6 | 19,0 ] 32,0 )-72.0 [131.0 | 208 | 295 649
Hommmmmne 30 1.9 | 3.3 | 5.2 7.8 11.5 | 24.0 | 44.0 |104 185 op 12.5 1 23,5 { 35.0 | 80.0 |140.0 | 216 | 302 i BGY
[ S 60 2.3 4.1 6.3 0.9 5 14,5 { 20.0 | 51.0 [112 191 7 R, 30 6.5 | 10.8 | 17.5 | 39.5 | 77.0 | 137 | 208 449 : i
90 2.9 5.2 8.1 | 12.5 | 18.0 | 35.0 | 68.0 |118 199 | 60 7.5 12,5 | 20.06 | 45.5 | 87.0 | 144 | 218 | 508 E
— . " 90 8.6 | 14.5 | 24,0 | 62.0 [ 86.0 | 155 | 229 | 4§20
30 2.4 4.2 6.7]10.1.| 14.5 ] 29.0 | 49.5 107 183
AandB..__ 60 3.1 5.4 8.6 |13.0 | 18.5 | 35.0 | 66.0 [114 190 30 7.9 1 13.0 ) 21,0 | 45,0 | 84.0 | 140 203 | 479
a0 ¢8| 7.0[11.2 | 16.5 | 23.0 | 40.5 | 63.0 4121 107 Aand B..__ 60 9.4 115.5 | 24.5 | 55.0 | 93.0 | 150 | 214 | 487 .
| T 30 1.9 3.1 4.7 6.7 9.6 | 17.5|30.0 ] 73.0 [ 134 80 11.3 | 19.0 | 20.5 | 59,0 1303.0 { 159 | 224 | 496
Lo J, 60 2.3 3.7 5.6 | 8.2(11.8 | 21.5 | 36.0 ] 81.0 | 142 S 30 601 9 15.0 | 80.0 | 55.0 | 93 144 | 368
a0 2.8 4.6 7.0 | 10.3 | 14.5 | 26,5 | 42.0 | 80.0 | 151 [ R 60 6.9 | 11.4 | 17.5 ; 35.0 | 63.0 | 104 [ 164 | 370 i
_ . " a0 7.9 ]13.0 | 20.0 | 40.5 | 71.0 | 115 | 167 | 383 ;
30 9.3 30| p5f 84|16 o0}8d0] 75018 — i
Aand B ... 80 2.9 3.0 7.4 | 10.7 | 14.5 | 24.5 | 40.5 | 83.0 ] 139 30 7.4 112,65 (20,0 41,0 | 73,0 [ 121 179 | 414
1] 3.8 | 6.3 9.7 | 13,5 | 18.5 | 31.0 | 47.5 | 91.0 | 148 Aand B 60 0.1 | 15.5 | 23.5 ] 47.6 | 83.9 | 131 190 | 428
| S 30 1.9 3.0 | 4.3 6.3 8.6 1 14.5 | 22.5 | 50.0 92 ] 11,0 | 18.0 | 27.5 { 56.C | 92.0 | 142 | 201 | 438
[ S &0 2.2 8.5 b2 7.4 | 10,1 | 17,0 | 27.0 | 67.0 | 102 L S 30 6.2 9.9 15.0 | 20,0 | 50.0 | 82 | 123 | 312
%0 2.6 4.4 8.5 | 9.0 12.021.0 825 66,0 | 112 Coe 60 7.0 31.8 | 17.0 | 33.0 | 57.0 | 92 |[135 | 326
90 7.9 | 12.5 [ 15,0 | 37.5 | 65.0 | 102 | 148 | 340
30 2.3 3.7 561 80| 11.0} 9.0 {30.0 | 66.0 | 110 -
AandB_. G0 2.9 4.8 7.0 [ 10.L | 13.5 | 23.5 | 36.5 | 74.0 | 125 30 7.4 12.0 | 18.0 | 35.0 [ 61.0 | 98 | 145 | 337
9 - 3.8 6.1 5.2 | 13.0 | 17.5 | 28.5 | 43.0 | 83.0 | 135 AandB.__.__ 60 9.0 | 14.0 | 21.0 | 41.0 | £9.0 | 109 158 | 350
| T 30 1.9 3.0 4.3 6.1 8.2 | 13.5 | 21.0 | 44.0 80 . 80 0.6 | 17.0 | 265.0 | 47.5 | 79.0 | 19 170§ 364
[0 S 60 | 2.2 3.5 5.2 7.1 0.8 | 18.0 | 25.0 | 51.0 a1 . 30 4.0 9.5 1 14,0 | 25.5 | 44.0 69 103 253
Lo 80 - 2.5 4.2 6.3 8.8 ] 12.0 | 1.5 | 30.¢ | 68.0 | 100 Coeeee o 60 6.8 10.9 | 16.0 | 30.0 | 51.0 | 78 | 113 | 269
‘ ; o 50 7.7 1 12.5 { 18.0 | 34.0 | 57.0 | 87 | 125 235
. 30 2.3 3.6 5.4 7.6 110.3 | 17.0 ] 26.5 | 54.0 | 94 ik
AandB____ 60 2.8 | 4.7 6.7 9.5 | 12.5 | 21.0 | 31.5 | 62.0 [ 104 30 7.2 |11.8 [ 17.5 | 33.5 | 57.0 | 88 | 130 | 301
90 3.7 6.0 | 8.6 12.0 | 16.0 | 28.0 | 37.5 | 70.0 | 113 AandBo..._. G0 8.7 114.0 (20,5 )39.5 64.0 | 98 | 140 | 315
- — 30 1.4 3.0} 4.3 5.9 7.7 112,51 10.5 | 38.5 66 90 10.3 | 16.0 | 24.0 | 45.0.] 78.0 | 109 153 | 330
o SO 60 2.2 3.5 5.0 1 6.9 0.4 15.0 | 23.0 | H4.5 T4 : 30 6.8 9.4 | 13.5 | 25.56 ' 42.0 | 64 93 | 227
90 2.6 4.2 4.1 8.4 | 11.0 { 18.5 | 27.5 | 51.0 | 85 60 6.6110.8 | 155 1 29.0 | 47.5 | 71 104 241
] . o 10 7.4 | 12.0 | 17.5 | 32.5 | 53.0 | 81 114 260
50 | 23| 3.6| 54| 7.6110.1116.0(25.0(40.0 8 . ]
AandB._ . 60 2.8 1 4.5 6.5 1 9.3112.0]20.0|28.5 | 57.0 94 5
90 3.71 5.8 8.6 [ 11.8 | 15.5 | 24.5 | 36,5 | 84.0 | 103 . : 11
7 30 1.9 3.0 43| 5.9 7.7]|12.5|18.5436.5 | 61
L 60 2.2 3.4 | 4.9 6.7 9.1 | 14.5 | 22.0 | 41.5 69
90 2.5 4.2 6.1] 8.4 11,0 17.5)26.0 | 48.0} 78 b
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TABLE 44
Sags for Migh-Tension Steel Cable
HEAVY LOADING DISTRICT

(At 30, 60 and 90°F. without load, the sags being such that when loaded at 0°F. the eablo will be stressed to
50 per cent of ultimate strength for grades A and B, and to 6¢ per cent for grado C.)

(Cable diameter Grade of Tempera- | Sage (in inches) for gpan lengtha (in feet) of—

{inches) Construgtion 200 | 250 | 360
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TABLE 45
St\ga for Bare Copper-Covered Steel Wire (Ordinary Grade)
HEAVY LOADING DISTRICT

{The saga being such that when loaded at 0°F. the wires will be gtressed to 50 per cent of their ultimate
sirongth.)

Size Cirade of | Tempera~ Gags (in inches) for span lengths {in {eet) ‘cfg

ELECTRICAL CODE—AFPP. A

TABLE 46
Sags for Bare Copper-Covered Steel Cable

HEAVY LOADING IISTRICT
{ The sage being sach that when loaded at 6°F, the cable will be stressed to 50 per cent of its ultimate strength.)

i Hags (in inches) for span lengths {in feet) of —
Diameter Grade of Tempera-

Construction 260 | 300

et et
;ﬁqtﬂ
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DD bbb T b o b b P el et L=t Y

i

S [ Thiha 0 | ~dTmOO | ~JTATO
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oo | RCOW | BRTOCR

TABLE 47
Sags for Bare Stranded Aluminum
HEAVY LOADING DISTRICT

{Sag3 belng such that when loaded at 0°F, the conductor will be sfressed to 50 per cent of ifs ultimate strength
or grades A and B and 60 per cent for grade C)

Bize Grade of | Tempera- | " (Sags (in inches) T lengths { —
N gIV G orude of tuga - © {Bags (in inches) for epar lengths (n feef) of

200 | 250 400 | 500

£

Jary

CENoRo

—

[ [t
MR GOM | BENDR | ORIk
Bt | PO B3 DT

—
—

A W.G. Construction|  ture 125 | 150 17 300 | 400
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TABLE 48

Sags for Bare Stramnded Aluminum, Steel Reinforced

HEAVY LOADING DISTRICT

{Sags being such that when loaded at 0°F. the eable will be stressed to 50 per cent of its ultimate strengtha fo
grades A and B, and 60 per cent for grade C.)

Bize Grade. of Télﬁpera- : Saga (in inches) for span lengths (in feet) of—

A W.G. construetion -
. : 100 150 | 200

AandB____

(=3 =T T0
b e
Howmcu:

Aand B____

Co._. -

ke

o| cowxrs | saxwns

R | SRS IT | -

oD G | OOMOoR | OERME RN

P ey

ELECTRICAL CODE—APP. A

TABLE 49

Stringing Tensions for Mediam and Hard-Drawn Barve Solid Copper Wire

HEAVY LOADING DISTRICT

(Tha tonstons heing such that when loaded at 0°F. the wires will be stressed to 60 per cent of their ultimate
strength for grades A and B and 60 per cens for grade C.)

Grade of | Tempera-~ Tension (in pounds) for span lengths (in fect) of—
Construction]  ture *
150 | 175

Aand B

Aand B

e

AandB

I

S@| SEaRRo | OEROD | To

Aand B

bt bt

ek =t

-
5BwaSe | HSmd

4
6
¢
4
6
0
4
6
L
4
3
i3
4
8
0
4
§
0
4
6
0
4
6
0
4
[
0
4
G
[t}
4
6
0
4
4
0

SrRRHD | SRENED | PHRRND | EDHRES | PR

5.
8.
9.
§.
6.
.
5.
4.
9.
5.
§.
. 9.
5.
6.
9.
5.
6.
9.
b.
6.
9.
B.
6.
9.

=

111.0

Note. The values in this table were supplied by the Aluminum Company of America.

Adand B

G

Aand B

1,785
1,454 1,135

2,055 1,538
1,684 1,456 1,236
1,178 1,095 1,001
2,870 2,613 2,231
2.198 2,088 1,827
1,743 1,639 1,466

3,107 15,080 {2,948 2,558
2,302 12,342 (2 292 2,083
1,748 (1,718 1,726 1,604
3,060 13,028 3,850 3,683
3,238 3,188 |3,120 2,948
2,514 12,508 12,456 2,322
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HEAVY LOADING DISTRICT

TABLE 50

Copper Wire

INDUSTRIAL COMMISSION OF WISCONSIN

Stringing Tensions for Medium and Hard-Drawn Bave Stranded

(The tensuous‘bemg such'ﬂmt wheu loaded at 0°F. thae wires wili’be st.ressed tn 50}1131' cenb nf]thmr ultlmate
strength for grades AandB aud 60 per cent for gradeC ] L

Bize Grade of
Al IEV G. | Consfruction

Pempera-

ture

Tensions (in pounds) for span lengths (in feet) of—

ELECTRICAL CODE—APP. A 167

TARLE 51

Stringing Tensfons for Medium and Hard-Drawn T. B. W. P, Solid
Copper Wire

HEAVY LOADING DISTRICT

(The tensions being such that when loaded at 0°F. th
Siongth for ormaneige such that wh e o g O°F & é;wrea will be stressed to 50 per cent of their ultimate

@

Size Grade of | Te - i i i
o e ottdo of :a:g::r Tengions {in pounds) for span lengths (in feet) c.'f_
[ 100 125 150 175 200 260 300

1,363
1,013
2,274
1,908
1,544

1.013

Aand Bi .

'l;.‘,j..:...'-..-',l- [ -

2,195

2,867
2,394
1,032

1,733
1,393

2,100
1,701

1,386
1,187

1,400

1,440
1,302

“AandBoi..

3,602
2 833

12,224

4,598
3,851
3,104

3,038

3,220
2,690
2,058
4,233
3, 552
2,388

2,805
2,341
1, 893
3868
5270
2,706

2,407
2158
Loz
3508
2 /505
D556

JR 1f643
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TABLE 52
Stringing Tensions for T. B. W, P, Solid Soft Copper Wire

HEAVY LOADING DISTRICT

(Tﬁe tensions heing such, that v%hen loaded at 0°F, the wires will be stressed to 50 per cent of their ultimate
strength for grades A and B and 60 per cent for grads C.)

Grade of

o Tensions (inx.:-o.unds) for span lengths (in feet) of —
Construetion

100 125 150 176 200

Tempera-
ture

Size A. W. G.
No.

ELECTRICAL CODE—APP. A

TABLE 52

HEAVYILOADINGIDISTRICT
(A€ 39, 80, and 90°F. without load, the tensions bein,
10 50 per cent of ultimate strength for grades A and B, and to 60 per cent for grade C,)

Stringing Teusions for Ordinary Grade Steel Wire

Bteel wire

Grade of
gage No.

Tempera-
construetion

ture

169

2 such that when loaded at 0°T. the wire will be stressed

. Teustons (in p'nunds) for span lengths (in feet) of—

AandB____| @D 200 | 140

100 | 125 | 150 | 175 [ 200 | 250

300

TABLE 54

HEAVY LOADINGIDISTRICT
(At 30, 60 and 00°F. without load, the tensions beh

Steo! wire

Grade of Tempera- |
gage No.

coustruction ture

20000 250 ( 300 400 | 500

Stringing Tenmions for Siemens-Martin Steel Wire

600 1 700

30" 440+ 260 | %00 | 160 | 150 145 | 140

[, o 60 330 { 220 | 185 ) 155 | 150 | 148 140
60 250 [ 190 | 270 | 150 | 145 149 140

TABLE &5

HEAVY LOADING DISTRICY
(At 30, 60, and 50°F. without load, the tensions being such that

$0 30 per cent of ultimate strength for grades A and B and o 60 per cent for grade C.)

-Bteel wire

" Qrade of
gage No.

Tempera-
Coenatruction

ture

Stringing Tensions for High-Tension Stee! Wire

2001 250 { 300 | 400! 500

g such that when loaded at 0°F., the wire will bo stressed
to 50 per cent of ultimate strengthfor grades A and B and to 60 por cent for grade C.)

o 'T.en'sion's tiu pounds) for spen lengths (in fost) of
) b y |

when londed at 0°F., the wire will be stressed

Tensions {in pounds) for span lengthy (inlfeet) of—

600 | 700 1,000

1,590 11,420 | 960 | 60 | 400 | 230 250

1,430 11,260 | 810 | 480 | 380 320 1 250

1,260 1,100 | 880 | 420 | 350 | 300 250

1,800 1,590 11,110 | 710 | 40 | 470 300

1,570 11,870 | 930 | 820 | 500 440 | 880

i L340 11,160 | 770 ( 550 | d4¢0 | 420 370

O 30 2,560 12,430 2,280 1,940 1,500 |9 070 | 700 | A20
G 60 2,330 (2,190 (2,050 (1,720 |1.200 | ‘o30 710 | BOO

S0 2,100 1,960 {1,820 (1,500 {1.110 | &2 650 | 490
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TABLE 50 .
v Grade Steel Ca‘hle‘ -
TABLE 57

Siringing Tensions for Oriinar

HEAVY LOADING DISTRICT s

: . ) tringing F i s ;

(At 30, 60 and 90°F. without load, the tenslons belng such $hat when losded at 0°F. the vable will ba stressed ging ‘Fensions for Siemens—Martin Steel Cable
to 50 per cent of ultimpte strengih for grades A and B, and to B_O_per cent For grade C.}

S N ) . A HEAVY LOADING DISTRICT

1 30, 60, and 90 °F. without load, the i
e - , the sags by
80 per cent of ultimate strength for grades AEM Elﬁga?(ﬁ(f%%t ;l:e:;rlgufiidg :.;f:ﬁé ;;he cahle will be stressed to

Tensions (in péunﬂs) for span lengths (in feet) of—

Cahle Grade of Terﬁpm'a—
dismeter Construction|  tare = e e
100t 126} 160 | 175 200 | 250 300 | 400 M BOC

Cable diameter 1
f Grade of Tempera- | lT_ansiu;m (in pounds) for span lengths (in feet) of—

(inches) Construction ture
. 200 25Q 3(_}0_ 400 | 500 | 600 | 700 | 1,000

(inches (

AandB_._
---------- °F,
---------- 30 1,210 | 930
ond B X 30 | 720 | £20 | 460
E - gg a0 TI0 | 620 | 480 | 440 ﬁg 2(118 100
o 0 , 18 620 | 530 | 450 | 480 | 400 | 290 30
o 80 1700 1,620 1,270 | 870 | 650 | 570 | 530 290 {
530 (1,200 (1,080 | 780 ! 610 | 850 | 520 2?3 |

0 1.'3.00 1,070 | 980 §80 570 | 520 | 50D | 460
30 1,940 |1,700 (1,450 [1,070 ; 870 | 770 { 730 | 680

-“-. ------ i . AandB__.__. [i{H] 1,620 (1
. - i 1K & , 420 1,210 950 820
. G o (oo i) s | | FD| A G
____________ . R . R 1,360
60 2,360 12,140 1,920 {1,520 [1,230 i:é‘llg llgég ggg

90 2,030 1’830. 1,630 11,310 1:100 970 | 910 | &30
30 3,140 i2,910 |2,660 (2,320 1,840 (1,600 (1,470 |1.340

0 |- 960 |- 0
307 |2'200 2,130 2,020 1,920 11,800

" _ B E )
Y — S 40" 13-550 |1 70 1,60 [11500 |1,d80 11,2601 070 §
G |81 1460 |1 /870 (1280 |1,170 1,020 | 810 | 77O o e fo b T 18 1
s I'§ | i 7 60 [2,880 2440 2 360 11910 1560 |1 490
- Y -——-2,480 _2,370 3 260 |2.140 1,870 [1.030 1.320 |1,180 Horroeeeeen ¢ % i:agg glggg élggg %)ggg %'ggg ;AOO i:ggg }-:ggg |
____________ §0 3.600 3 440 13,270 (2,860 |2 460 ﬁgg %égg }Eg ‘j

1810 {1,710 |1,530 1,370 1,180 |L,110
1420 {1,360 {1,250 11,170 1,080 11,060
3,040 12,040 (2,700 2,450 1,900 |1,680

80 3,110 2,860 2.810: 2 470 2,160 11,060 |1,880 1,610
30 3,010 13,660 13,300 2,930 |2 ,640 {2,240 |2,040 |1,700

AandB_...| = 60 2.080 (2,000 11,900
90 1,600 |1,540 (1,480
30 13,280 |3.210 3,180

%
oo G| w0, jaise 2 e 12,640 2,860 12 470 2250 |2,080 11,730 11,620
: Gmores g0 [2280 [2i220 27160 2,100 12,030 11 860 11720 |L.510 |1,300 AandB... ... 80 8340 (3120 |2,000 |2.556 [2.250 |2
e [ T T T e T oan e 1 4] ! : v , s 040 1101
: T30. (3120 [3,020 12,930 2,830 12,730 2,470 12,200 11,780 11,600 Moo o 30 ﬁggg 2.280 2,410 2150 12,030 1,900 1ol 1740
AsadB...| 60 ¢ [2.520 [2.460 2380 [2.280 12,180 1,000 s (a0 ook T 80 (bSO 400 1e,000 14,150 18,660 13,260 |2 590 1.690
_ : oo - 3040 [1ato [1/se0 {1,800 {11730 1,680 |1.880 14 120 1,380 — 80 [4-500 14,220 14,000 13,650 13 250 |3 850 12660 12 280
7 - 90+ |a°670 '3 900 1,880 [3.740 18640 13,430 13,180 12,788 2,520 : /650 (3,600 [3,160 (2,840 2,620 (2 440 2180
: (3:350 |3'300 (3230 [3,150 (8 070 2,880 |2,670 12,350 2,080 A 90 [5.a20 15190 le.ov0 i ; .
L 1258 (2720 |2.660 2,590 [2.520 [2 880 2,240 2,030 1,860 andB._____ 60 1550 14360 |4 180 ;gzg £.040 3.430 13,320 12,020
PR e e 8/ 40 ’ ' . E 270 |3 i
- L 4.910 14,160 4,070 |3 960 3,840 3,600 3,380 13,550 5 620 Homemeeeee e o 30 [.T8D 18,600 18,530 13 330 [3,150 12,980 3o 2380
AandB..| 60 [3:440 [3,380 13.300 3,280 13,150 12,000 S B0l B T 20 [9.750 16,600 16,410 6,010 1550 (5,100 |4 570 [3880
52 1570 1a'o30 |2,580 2530 (2,480 12,410 [2,360.|2 280 2,180 §0[5.540 15,830 1o 68D 15,340 14060 |4 570 (47960 3650
$hpomeemrmnes b 30, [siai0 52s0 [5.280 15,140 16060 4,340 [4,600 |¢,140 13,720 : : (960 4580 [4/320 [4.070 |3 850 |3 '470
G| e [Alkoo [47470 147420 14,360 14,280 1. 100 57000 [3.560 (3,200 N P PP Py P .
% 57700 [3 680 3,650 [3.600 13,540 13,400 13,270 13,080 2,920 andB______ 80 lopod (8460 10.280 16,770 16,840 14,040 |4 570 14,030
e [ | - el I B4omn |, ; ’ b0 |1 420 |4.180 (3
. Ty [6.250 [5.100 [3.070 |4,980 14,880 14,660 5 300 (3,960 (3,650 7S o 30 s'é'ig gggg £.500 14.300. 14,140 |4 000 3,878 32%3
handBo_.| @0 [4:280 Jai100 141140 14,050 13,990 3,850 G0 b 20 B0 T 20 B340 18100 18,030 |7 660 |7 250 16800 (6320 |5 330
: - 80 13340 |3 200 [3.250 [3,220 3,180 13,140 13,080 2,850 2 630 8 1870 \7.280 7,10 Jo 700 16450 6 080 5 670 5830
7 S i e 187350 15,500 [6.440 (8370 6280 6,100 15,860 16,410 4,070 ; / 1200 15,850 15,670 5,420 {5,150 |4,670
Chiie 30: 18:5% 16 75ao |5 460 |5'410 (5340 |5,100 4,880 4,850 4,380 . !
i 60 15300 4540 47500 [4,470 |4,430 14310 14,210 14,080 8,880
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TABLE 58S ant
i able
Stringing Tensions for High-Tension Steel
HEAVY LOADING DISTRICT

il WITDOUT Loas € tENSIONS Delng Ju et when \0aded al e cable will be stress
1} g JUs nl .t
nd 90°F, without load, the t b bk that wh ded at 0°F, th bl | t ed

(At 30, 60 nfor grades A and B and to 80 per cont for grade G

to 50 per cent of ultimate strongf

X -
Grad Temp- Tensions (in pounds) for span lengthe (in feet) of
Cable tade

dinmeter of BT
(inches) | Const,

Aand B

B

Yoo

5 ' 13.720
ég”ggg 1800 | 12,730 | 12,600

TABLE B9 .

'tor Bare Copper-Covered Steel

(Ordinary Grudq_)

f . ; - .
i T T DlS'l_'R cent of their ultimate

. (T]; t o Baihg auuh that when Ioaded at 0°F. the wires will be stressed to 50 per cent o

£ 1ensions i

strength.} . . - . . . :

Wire
Stringing Tensions

i t) of —
Grade of | Tempera- Tengions (in pounds) for s;mn‘lengths (in feet) of
i Tade o
e Construction ture e

°F.

30
Aand B____ it
%0

- 30
AandB___ o
90
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TABLE 60
Stringing Tensions for Bare Copper-Covered Steel Cable

HEAYY LOADING DISTRICT

t( The ht)enaions beiug such that when loaded at G°F. the cable will bo stressed to 60 per cent of its ultimaste
streng; )

(Size Grade of Tempera- Tensions (in pounds) for span lengtha (in feet) of—
Coustruetion — — e

200 | 250 | 300 660 | 800

1,455
1,260
1,195

2,940
2,506 1,970
4,110 3,350
3,700 2,890
3,285 2,065
5.585 15,480 (5,330 4,625
5.060 14,960 4 820 , 4,180
4,660 4,465 14 395 3,745
6,845 16,790 [6,660 6,020
6,280 16,180 g, 5,470 |6

050 ,
5.650 5,570 |5.460 |5 220 4,940
- ¥ 9,630 ;5.570 |5.460 |
TABLID 61
Siringing Tensions for Bare Stranded Aluminum
HEAVY LOADING DISTRICT

(The tensions being such that when loaded at 0°F, the conductor will be stressed to §0 per cent of the ultimate
strength for grades A and B and 40 per cent for grade C.)

Grade of Tempera- Tensions (in rounds) for span lengths (in feet) of-—
Construction ture —— iy

0] 125 | 250 | 200 250
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*'{The ténsions belng su!
atr(ength for grades A and

TABLE 6Z

HEAVY LOADING DISTRICT

that when [aaded at
E]13 a:d ‘ET[] per cent for grade (s3]

Sise
A.W:G. No

Gr'adé of
Construetion

Tempara—
ture

Aaud_B-_-_-__
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500

! sl ed
Stringing Teusions for Dare Stranded Aluminum, Steel-Reinfore

G°F. thi oable will be stressed to 50 per cent of the ultimate

Tensmns {in pnunda) for apan lengths (m feet) of—-

GUO

700

890

1,130

0000 i e

2,000
1,600

980
1,130
1,800
1,120

2,080
1,680
1,000
1,800
3350
1,430

1 520

1,420

'Nats, The abm:."c.% valﬁes were buken from bl1.1.e pri;utg‘ supplied by the Afuminum Corapany of America.
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Appendix B—Sags for Line Conductors Strung to the 2,000-
Pound Limitation

By stringing conductors so that, under the worst as-
sumed condition of loading, the tension in the conductor
does not exceed 2,000 pounds, the required strength of cross
arms and pins is similarly limited. (See rules 1261, D, 3,
and 1261, E, 1.) Values of sag at a stringing temperature
of 60° F. which will keep the tension when loaded within
this limit are given for conductor sizes having an ultimate
strength in excess of 4,000 pounds in Appendix C of the
National Electrical Safety Code.

Appendix C-—Mechanical Data for Wires and Cables

Copper: The following tables give the mechanieal char-
acteristics of copper wire and cable and are based on the
standard specifications of the American Society for Test-
ing Materials.

Hard-drawn copper manufactured in accordance with
these specifications has an elastic limit of approximately 55
per cent of the ultimate strength given. Soft copper has
no definite elastic limit, but it is below 5,000 pounds per
square inch. It is not customarily stressed in excess of half
its ultimate stress.

For purposes of calculation of sags and stresses, medlum
hard-drawn wire conforming with the A. 8. T. M. specifica-
tions is considered as hard drawn. The breaking load of
stranded cable has been taken ag 90 per cent of the sum of
the breaking loads of the individual strands.

The modulus of elasticity has been taken at 16,000, 000
pounds per square inch for all grades of copper. The co-
efficient of linear. thermal expansion per degree Fahren-
heit has been taken as 9.6 x 10-6. The weight of bare golid
copper conductors has been taken as 8.854 pounds per
square inch of cross section per foot of length; and of
stranded conductors as 3.931 pounds. The weights of cov-
ered conductors are given in Table 81, : :
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Steel: Tables 65 and 66 give the mechanical character-

TARLE 63 igtics of steel wire and cable of three grades, ordinary, Sie-

Solid Copper Wire

mens—Martin, and high-tension.

The ultimate stresses of

the three are taken as 60,000, 75,000, and 125,000 pounds

per square inch, respectively.

The breaking load of

stranded cable has in all cases been taken as 90 per cent of
the sum of the breaking loads of the individual strands.
The coefficient of linear thermal expansion for steel has

been taken as 6.7 x 10-® per °F. The modulus of elasticity
hag been taken as 29,000,000 pounds per square inch for
solid wires, and 21,000,000 pounds per square inch for ca-
bles. The weight of conductor per square inch of cross sec-
tion is taken as 2.39 pounds per foot of length.

Steel from different sources may differ in physical prop-
erties, and when materials are used having properties dif-

ferent from those assumed, loads and sags ghould be com-
puted from the actual values.

TABLE 85
Bare Solid Steel Wires

B Hard-drawn Wire Soft. Wire
Bize A. W. (}. No. Diameter Area of - - - —r
: : toi Ultimate Breaking Tliimate reaking
. Cfanduu i Stress Load Stress Load .
. TInech: 8q. In. Lbs./In2 j Pounds Lbs./In.? | Peunds,
150 0.166 40,000}, 8,100 36,000 6,000
¢ i?g .132 51,000 ;- 6,700 36,000 4,700
365 104 52,800 [ 5,500 36,000 3,800
325 083 54,500 4,600 36,000 3 ,000
) 066 55,100 s700 | 37,000 2,400
igg 0562 57,600 3,000 37.00¢ 1 ,gg‘g
229 041 59,000 2 400 37,000 1,
204 033 60,100 2,000 37,000 1,200
021 62,100 1,300 37,000 760
}g% 013 83,700 830 37,000 430
114 010 - 64,300 860 37.000 370
102 0082 684,400 530 38,500 310
............. 081 0051 65,700 340 3. RSN (R
T 064 0032 fi6i 200 210 |l s
TABLE 04

stranied Copper Conductors

. Breaking Load
i ixternal Strandi Area of
Sine I%‘a.is.mterﬁr randing Conductors Hard- Soft
’ drawn

secular * Tnches 8q, In Pounds Pounds
0‘1“‘(‘}36 1361[}3. 115 §120.128 9.785 45,000 |oemeomeee
500 .813 87x .116 392 22.700 137000
' 772 87x . 110 \353 20,500 11,700
728 37x 104 314 18300 10,500

.681 37x.097 .275 16,108 9,500

678 0% 1136 1 aTE 15,700 9,100

1630 37c |00 .236, 13,900 8:200

. L6528 19% 126 “936 13500 7.800
250000 575 37x .082 J196 11,800 6,800
250,000 573 1% .115 .196 11,300 6,600
dAdW‘G’NUi _________________ 528 10x . 106 .156 9,700 3,500
- L5092 7x 174 -166 9.200 5,500
470 19x .094 L1382 7700 4600

464 Tx 156 1 7,400 4,460

L418. 19x°.084 104 6,100 3,600

414 Tx 138 J104 5.900 3500

.33 19x .075 .083 1,000 27850

1308 Tx 123 L083 4,800 2750

332 19x 066 086 3,900 2,300

.328 7e 100 ~066. 3.800 27260

202 Tx 007 -052 3060 1,800

“260 7x .07 J041 2,460 1,430

L2582 Tx 071 1033 1.950 1,130

.207 7x 069 026 1,560 900

\184 7x 061 -e2l 1.230 710

1165 Tx 055 015 930 550

L146 7x .049 .013 780 450

Breaking Load
Bize Stl. W. G. No. Dismeter Area Ordinary Siemens- | High Tension
Martin Btee!

Inch Sq. In. Pounds Pounds Pounds

0.226 0. 0400 2 400 8,000 5,000
2182 L0260 1,740 2,170 3,620
.162 0206 1,240 1,860 2,570

TABLE 46
Stranded Bare Steel Conductors
Breaking Load
Wominal size (inches) Diameter Area Ordinary Siemens- |High Tension
Martin Steel

Tnch' 8q. In Tounds Pounds Pounds

0.625 (.2356 12,720 15 600 26,500
562 1022 10,380 18,000 21,620
500 . 1443 7,790 9,740 16,230
A3T . 1204 6,500 8,130 18,540
375 L0832 4,490 5,620 9,360
312 . 0606 3.270 4,000 6,820
260 0353 1,900 2,380 3,960

Conper-Covered Steel: Tables 67, 68 and 69 give the
mechanical characteristics of copper-covered steel conduct-
org of standard tensile grade and extra-high-tensile grade.
The tables were submitted by the Copperweld Steel Co. for
copperweld wire, with supporting data. The breaking load

12
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of stranded conductors has been taken as 30 per cent of the
sum of the breaking loads of the individual s',trands.

Sags have been computed for gtandard tensile grade only.
The coefficient of linear thermal expansion for these con-
ductors has been taken as 7.2 x- 10-° per °F, The modulus
of elasticity for solid wires has been taken as 20,000,000
pounds per square inch. For stranded cables, the value of
the modulus varies with size as follows:

‘ %iﬁ.qh L‘]i'amet:.ér.. 15 600 000 pounda per square itich, .+ e

. 9% inch, diameter, 18,100,000 pounds per square ineh. . (o

%ﬂinch dizmeter, 17,000,000 pounds per Bquare inch. "

Yineh diameter, 17,800 ,000 pounds per gquare ineh. -

%4 inch dismeter, 18,600,000 pounds per square inch,
%¢inch diameter, 19,500,000 pounds per square inch.

The weight of conductor per Bpuare imch of cross sestion is taken as 3.53 pounds per foot of length.

TABLE 67

Solid Bare Oopper-(:ové.rec_l_ Stecel Conductors

Breaking load

ELECTRICAL CODE—APP. ¢

TABLE 69

179

Stranded Bare Ceopper-Covered Steeili Conduetors—Ixtra-High

Tengile Grade

Size A, W. G. No. Diameter Area Standard | Exirs-high
Lilo Tensile
Inch Sg. Inch Pounds Pounds
X . 166 9,850

Stranded Baré Copper-Covered

Steel Conductors—S§tandard Tensile Graule

‘ Nominal i Breaking

fize A, W, G. No. Diamefer Stranding Aren Load

o : Tneh - S1. In Pounds
84 7No.4 0.228 18,550
% 7No.5 .182 15,400
- o om 166 14300
15 7No.8 (144 12,600
____________ 7z L1332 11,640
% 7Ne.7 LAl4 16,160
—— i1 .105 9 460
i 7| TNo.8 L0381 8,400
R B |- N L0828 7,780
i * TNo.9 L0719 6750
I . TNo.10 L0571 5,600

¥ Means éﬁeciﬁf Hie wite, vot sn A, W. G, size,

. Nominal i
Bize A, W, &. No. Dismeter Strandiog Arca VBrIe;;lgng
Inch S8q. In Pounds
% 19No.5 0.485 62
04 19 No. 6 .359 49 %3
7 10x L3654 44,600
k) 19 No.7 2811 39,160
19x 276 8
?/f 19 No.8 L9246 3'11:?23
% 7No.4 .229 28,980
D % 7No.5 182 22,930
0000_.___
................. SR I B .166 20,940
1% 7No.6 144 18,200
000
e e et e .132 16,600
o 7Ne,7 114 141430
S 7x .106 13,160
7No.8 091 11,460

x Meoans Special size wire, not an A. W, (3, size.

. Aluminum: Table 70 gives the mechani i
t_1cs of stranded aluminum conductors. a’i‘l;lc: Icglel%l;ig;irlosé
linear thermal expansion for aluminum has been taken as
1.2..8 % 10-% per degree Fahrenheit, and the modulus of elas-
1(";1(:3111(:13; ;s 9,00({,232 pounc(iis per square inch. The weight of

or ig 1. : i ing i

P foggun § per square inch of cross section

Table 71 gives the mechanical characteristi um
num ca:ble having a steel core. The virguzslﬂ;:?ef%fcizi&ngé
expansion, the modulus of elasticity, and the weight per
unit length vary with the size of cable. For cables of siges
4/0 to 6, A. W. G., the coefficient of thermal expansion: has
been taken as 10.5 x 10-% per degree Fahrenheit; the modu-
lus of elasticity as 12,000,000 pounds per squaré inch; and

the weigh : : f
of len;ﬁl -t per unit cross section as 1.52 pounds per foot
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TABLE 70

Stranded Aluminmn Counductors

Diameter . Tsual Copper Elastic Breaking
- Bize Area, Steanding | Equivalent Limit load
PR Tuches 8. In ¢. . Pounds Pounds
Clirgulas mills,
1.077 0,687 37x0.154 550,000 9,600 14,800
.24 37z 148 500,000 8,780 13,500
586 3rx (142 478,000 8,250 12,700
Nl 37x .138 450,000 7,870 12,100
.500 37x .18t 400,000 7.00¢ 10,800
437 19x 171 350,000 6,120 9,450
. 393 19x 162 314,800 5,500 8,600
375 19x 1568 300,000 §,240 8,100
312 10x . 145 250,000 4,870 6,750
.236 19x .126 188,800 3,300 6,100
. A W. G, No.
204 19x ,133 onog 3,700 5,700
.20% 7= 186 000 2,040 4,580
148 7z 174 a0 2.380 3,570
152 Tx 1558 ] 1,846 9,860
104 x .138 1 1,485 2,270
083 Tz 123 2 1,160 1,790
066 7= .109 3 920 1.420
-
TABLE 71
Aluminum Cables, Steel-Reinforced
. . . : Stranding -
Size Equivalent | Dinmeter ——————— Total Breaking o :
v : Copper - | Aliminum Steel - Area Lo il
c.m. Inches : 8q. In. Pounds jﬁé
500,000 1.093 5420.1214 Tx0.1214 0.7060 25,150 ;’gé
450,000 | © 1.036 © Bax . 1161 7= L1181 L6350 22,680 o
400 000 1 .. .977 54x .1085 7= 1085 L6640 20,080
200,000 883 30z .1961 7x .1261 4020 20,700
250,000 . 806 30x 1151 Ti 1161 L3860 17,260
A. W. G. No, . ’ :
0000 .74l 30x .1059 7x 1059 . 3260 14 580
00e . 633 6x .2108 7x 0706 ,2370 8,450
00 564 6x .1880 1x .1880 L1939 7,580
0 .50l gx .1870 |- 1x 1870 L1537 5,085
1 M7 Bx 1490 1z 1490 L1219 4,770
2 308 6x 1327 Ix 1327 0087 3,780
3 .356 6x ,1182 1z .1182 L0768 3,000
4 316 6x 1052 ix .1052 0608 2,394
5 281 6z 0038 ix .0938 L0482 1,830
[ 250 fx . 0834 1x .0834 0383 1,500 é
7 293 6x 0743 | 1x 0743 L0303 1,183 .
8 108 8x .0661 | 1x 0861 L0240 940

The values given in these tables were submitted by the Aluminum Co. of Amer
brealking load of stranded conductors has been taken as 90 per cent of the sum of
dividual strands, meluding the steel core where used.

ioa with supporting data. The
the breaking loads of the in-

thie’:' Sag.s' in .Tabl'é.'i’%,' ﬁa'gé 163, and tensions in Table 81, page
The breaking
load of the cables was used and not the 90% wvalue listed above.

173, were supplied by the Alyminum Co. of America.
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Appendix D—ILoads Upon Conductors and Supports

Table 72_ gives the weights of conductors of various sizes
and materials, with and without ice loading. Table 73 gives
the transverse and reasultant loads of the same conductors
bgsed on the assumed loadings of section 25. The over-all
diameters of covered wires supplied by different manufac-
tllllrers ar’f‘_aF }Illpt .thel same and hence average values have been
chosen. is is also true of the si i
O enpios sizes of gtrands which make

TABLE 72

Vertical Lomls on Conductor Supports

Weight of
Bize of Conductors Digmeter | Conduetor m;‘_
over2ll | 405 in. of only=
= - ite=hoavy light
are golid copper.
ara golid ¢ 1\1{3([)3_ Inch Lbs. /1, Lhs./Ft.

0.381 0.920
& |
. .050
491 079
=1 128
.612 159

672 2
744 2{5%

832 I
.943 .452
1.078 500
1.237 640
505 083
580 126
634 161
690 204
715 258
867 .326
979 413
1,116 510
1.287 652
1.438 0.770
1.4§30 .928
1.815 1.081
1.992 1.284
2177 1.388
2.356 1.541
4,112 3.086

T. B, W. P. golid copper,
. W. G. No.—
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TABLE 72
Yertieal Lo_zuls_on Conducier _Suplmrts-—(}‘ontinued
Weight of

Size of Conductor " Dismeter | Conduotor | Conductor

. A over all +0.5 in. of only=

; . . » ice=heavy light
T fv?rif é’ suhd coppar—Cnn._ B . Ineh Lba, /Fb. Lba. /Ft.

| 1,029 407

Bare stranded alaminum, steel
A.Ef. G, No.
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TABLE 73

Tranlversc and Resultant Loads
: on Conductors and Smppor
and Light Loading Districts pports in Henvy

(Pounds per conductor per linear foot.}

Tdrangversq force on gon| Resultant force on con-
Size of vondussor uctor w(litfhalnc; coverivg | ductor due to wt. & wind

Heavy Light Heavy Light

Bara solid copper
A W. G. No,—

0.721 0.081 .
R 0.8154 (+.084
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TABLE 73

» ts in Heavy
Transverse and Resultant Loads on Cenductors and Suppor
and Light Loading Districts—Continued

T fi m con- Resultant force on con-
dll;:;.lgrv (:ﬁfh ?gecigvering ductor due to wt. & wind
Bize of Conductor (@if any}
o Heavy Light Heavy Light
B 83 250 1.018 07
875 312 1.126 374
917 375 1,234 469
058 437 1.379 648
1.000 500 1.496 659
1.042 562 1.675 861
1.083 625 1.5849 1.014
5 102 .838 106
'?22 128 870 136
b 142 .54 178
803 204 875 235
871 306 1.124 370
923 384 1.276 508
966 432 1.381 801
93 486 1.510 716
Yeincho. ..l 1031 546 1.670 859
Bare stranded alum

Al & o 863 203 1.020 300
886 328 1.0685 337
912 368 1,113 380
343 414 1.170 432
o976 464 1.234 489
1,015 522 1.312 557

Bare stranded aluminum steel- reinforced.

A W.G N
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Appendix E—Wood Poles, Moments of Resistance of Poles

The resisting moments of wood poles of various ground-
line circumferences are given in the accompanying tables
for each value of allowable fiber stress recognized in Table
21 (Order 1261 A, 4) for poles when installed. Table 74
gives the values for dense southern yellow pine; Table 75
for other pine, chestnut, western cedar, cypress, ete., hav-
ing a recognized ultimate fiber stress of 5,000 pounds per
square inch; and Table 76 for woods having an ultimate
fiber stress of 8,600 pounds per square inch, such as red-
wood and eastern cedar (northern white cedar).

Southern yellow pine should not be used for supporting
structures unless first given a preservative treatment, as
otherwise the rapid deterioration will require early replace-
ment,

The following formula has been used in calculating the
moments : ‘

M =—0.0002638 f C*— moment in pound-feet; where
I = allowable fiber stress in pounds per square inch,
and _
C = circumference of the pole at ground line in inches.

While the ground-line section may nbt be the most
stressed section in poles with considerable taper, it is so re-
garded here. Since the wood usually deteriorates most rap-

idly at this point, it is here that sufficient strength must be
provided,
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TABLE 74
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Resisting Moments for Foles of Woods Having Ultimate Fiber Stress of
6,500 Pounds per Squnare Inch (Dense Sounthern Yellow Iine)

7 Girimferends
at ground line
('mqh'w)_

Resisting moments for fiber stress of (pounds per square.inch)

2,170 2,600 3,260 3000 | 487
TEBeft. |- Lbofe | Thif. | Lhisfh | Lhi—ft. | Lb—it.
w1 o0 4500 §UILE0 VT a0 | sl 23 700
16109

. ; . . 37,660 -

13 1950 16,750 20900 25.100 31350 | . 41800

157450 18'500 23160 27800 34,700 46300

. . 51,100

. 28,100 . . 56,200

20660 247650 30800 36,050 487150 81,600
237500 26060 33,700 407450 507500 87400

24 560 20 400 36,750 44,100 56,100 73500

" 98,700 32,000 | 40,000 48,000 59,850 80,000
Z0.000 34750 43200 53°100 65,050 887850
317400 37 1650 471060 56 460 70,500 941100
330950 | 407700 | 50,850 61.080.| . 76,200 |  101.700
36,660 | 43,500 34,350 65,850 | . 82.200:| 109,750
397460 41250 59,160 70,500 88550 | 118.200
42400 50,800 37500 78200 05200 | 127,080
45,500 54550 08 150 817500 | 1020150 | 136350
48,750 58450 | 75,060 | B7.850 | 100460 | 146,080
527160 02500 78150 pa7s0 | 117,060 | 166,250
55700 §6.750 83°480 | - 100150 | 135050 1 166,900
59/480 | 71,200 | - 89000 | 106,300 | 1337400 | 178,000
62,300 |+ 75,850 od's00 | 113,500 | 143,300 | 189,650
87.360.| . 80700 | 100850 |. 121,050 | 1AL,150 |  201.750
70550 |~ 85750 |° 107160 | 128,800 | 160600 | 214,350
76,950 91,000 | 1137750 | 1360450 | - 170.400 | 237,450
80,500 | . 96450 | 120850 1 1a.650 | 1806501 < 241,100
85'900 [ 102100 | 127.850 | 153160 | 191,250 | 255,300
307060 | 108000 | 135000 | ¥s2/0po |  20z,00 | 270.000
95260 | 114100 | 1420650 | 171,180 | 213,750 | 285,300
100,550 | 120450 | 150650 | 10700 | 295,600 | 301,150
106'000 | 127000 | 158.800 | 190,350 |  237.000 | 317,550
110700 | 1337800 | 1674001 200,750 | 250,650 | 334550
1070560 | 140,850 | 176,100 | 211,300 | 263850 | 353,150
125,000 | 148,50 | 15,200 | 2200 | 27700 | 870,400
126'050 | 186700 | 194ce00 | 2330500 |  201.800 |  380.200
136°450 | 1630450 | 204350 | 246,200 | 306,200 [ 4087850
143160 | 1710500 | 214400 | 257,250 | 321250 | 428750
B 150,050 |  170.800 | 9247801 260,700 | 936,800 | 449,800
85 . 157,200 | 1887360 | 235,450 | 282550 | 3520800 | 4701500
6. T 1847600 | 187200 1 945,500 | 205,500 200,350 | 492,980
A 172'150 | 206'300 | 9257.850 | 300460 | 386,400 |  515.700
180,000 | 215,050 | 260,600 | 233.500 | 408,950 [ 539150
158°050 |  925'300 | 2810660 | 833,000 | 4220050 [ 553300
196'350 |  235'950 | 204,050 | 352,000 | 440,650 { 588,160
904900 | 2450500 | 306,850 |  B6R.350 | 450,800 