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PREFACE

Previous editions of the National Electrical Safety Code
have been published in complete form. There has been
some demand, however, for smaller handbooks containing a
single part of the code, and in response to this demana
fourth edition is being issued not only as a whole, but also g «
separate publications dealing with the several subject
covered.

This volume contains part 2 dealing with the construction
and maintenance of overhead and underground electrical
supply and communication lines.

The present edition of these rules is the result of a revision
which has been carried out according to the procedure of the
American Engineering Standards Committee. The revised
rules have had the approval of a sectional committee organ-
ized according to those rules of procedure and containing rep-
‘resentativesof the various classesof utilitiesconcerned; repre-
sentativesof the State utility commissionshaving jurisdiction;
of the electrical workers; of the insurance interests, manu-
facturers, inspectors, and other classes of persons concerned.

A discussion of these rules will be found in the revised
edition of Handbook No. 4. Criticism of the rules and sug-
gestions for their improvement are invited, and in future
editions every effort will be made to perfect the rules by
modifying any of the requirements which it is found can be
improved.

-~

Georce K. Burasss,

Director.
11
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SAFETY RULES FOR THE INSTALLATION AND MAINTE-
NANCE OF ELECTRICAL SUPPLY AND COMMUNICA-
TION LINES

COMPRISING PART 2 OF THE FOURTH EDITION, NATIONAL ELEC.
TRICAL SAFETY CODE

DEFINITIONS

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

Automatic means self-acting, operating by its own mecha-
nism when actuated by some impersonal influence—as, for
example, a change in current strength. Not manual, with-
out personal intervention. Remote control that requires
personal intervention is not automatic, but manual.

Cable vault. See definition of manhole.

Circuit means a conductor or system of conductors through
which an electric current is intended to flow.

Circuit-breaker means a device designed to open under
abnormal conditions a current-carrying circuit without injury
to itself. The term as used in this code applies only to
the automatic type designed to trip on a predetermined
overload of current.

Climbing space means the vertical space reserved along
the side of a pole structure to permit ready access for line-
men to equipment and conductors located on the pole

structure.
1



2 DEFINITIONS

Common use means simultaneous use by two or more
utilities of the same kind

Communication lines means the conductors and their
supporting or containing structures which are located out-
side of buildings and are used for public or private signal
or communication service, and which operate at not exceed-
ing 400 volts to ground or 750 volts between any two points
of the circuit, and the transmitted power of which does not
exceed 150 watts. When operating at less than 150 volts
no limit is placed on the capacity of the system.

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

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

Exception is made under certain conditions for com-
munication circuits used in the operation of supply lines.
(See rule 288.)

Conductor means a metallic conducting material, usually
in the form of a wire or cable, suitable for carrying an electric
current. Does not include bus bars.

Conductor conflict means that a conductor is so situated
with respect to a conductor of another line at a lower level
that the horizontal distance between them is less than the
sum of the following values:

(@) Five feet.

(0) One-half the difference of level between the conductors

concerned.

(¢) The value required in Tables 6, 7, or 8 for horizontal
separation between conductors on the same support for
the highest voltage carried by either conductor con-
cerned.
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Conduit means (in overhead or interior work) a tube or duct
especially constructed for the purpose of inclosing electrical
conductors.

Current-carrying part means a part intended to be con-
nected in an electric circuit to a source of voltage. Noncur-
rent-carrying parts are those not intended to be so connected
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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 is used
only with reference to current-carrying parts which are some-
times alive.



4 DEFINITIONS

Disconnector means a switch which is intended to open a
circuit only after the load has been thrown off by some other
Imeans.

Manual switches designed for opening loaded circuits are
usually installed in circuit with disconnectors, to provide a
safe means for opening the circuit under load.

Duct means (in underground work) a single tubular runway
for underground cables.

Electrical supply lines means those conductors and their
necessary supporting or containing structures which are
located entirely outside of buildings and are used for trans-
mitting a supply of electrical energy.

Does not include open wiring on buildings, in yards or
similar locations where spans are less than 20 feet, and
all the precautions required for stations or utilization
equipment, as the case may be, are observed.

Railway signal lines of more than 400 volts to ground
are always supply lines within the meaning of these rules,
and of less than 400 volts may be considered as supply lines,
if so run and operated throughout.

Exposed (applied to circuits or lines) means in such a
position that in case of failure of supports or insulation con-
tact with another circuit or line may result.

Grounded means connected to earth or to some extended
conducting body which serves instead of the earth, whether
the connection is intentional or accidental.

Grounded system means a system having a permanent and
effective electrical connection to earth. This ground con-
nection may be at one or more points.

‘“Effective,’”’ as herein used, means a connection to earth
of sufficiently low resistance and high current-carrying
capacity to prevent any current in the grounding wire from
causing a harmful voltage to exist between the grounded

conductors and neighboring exposed conducting surfaces
which are in good contact with the earth, or with neighbor-
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ing surfaces of the earth itself, under the most severe con-

ditions which are liable to arise in practice.

Permanently grounded means having such an effective
connection to the earth (by use of an underground system
of metallic pipe mains or other suitable means), as described
in the preceding paragraph.

Guarded means covered, shielded, fenced, inclosed, or
otherwise protected, by means of suitable covers or casings,
barrier rails or screens, mats or platforms, to remove the
liability of dangerous contact or approach by persons or
objects to a point of danger.

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

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 accumulations
of flyings or dust, nor transmit sparks or flying particles to
the accumulations outside.

Insulated means separated from other conducting sur-
faces 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.

When any object is said to be insulated, it is understood
to be insulated in suitable manner for the conditions to
which it is subjected. Otherwise, it is, within the purpose
of these rules, uninsulated. Insulating covering of con-
ductors is one means for making the conductors insulated.
Insulating (where applied to the covering of a conductor,

or to clothing, guards, rods, and other safety devices) means
that a device, when interposed between a person and current-
carrying parts, protects the person making use of it against
electric shock from the current-carrying parts with which
the device is intended to be used; the opposite of conducting.

Isolated means that an object is not readily accessible

to persons unless special means for access are used.



6 DEFINITIONS

Isolation by elevation means elevated sufficiently so that
persons may safely walk underneath.

Joint use means simultaneous use by two or more kinds of
utilities.

Lateral conductor means, in pole wiring work, a wire or
cable extending in a general horizontal direction approxi-
mately at right angles to the general direction of the line
conductors.

Lateral working space means the space reserved for work-
ing between conductor levels outside the climbing space,
and to its right and left.

Line conductor means one of the wires or cables carrying
electric current, supported by poles, towers, or other struc-
tures, but not including vertical or lateral connecting wires.

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

Manual means capable of being operated by personal
intervention.

Minor communication lines means communication lines
carrying not more than two circuits used mainly for local
telephone or telegraph service, or for police or fire-alarm
service.

Minor tracks means railway tracks included in the follow-
ing list: ‘

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

() Branches on which no regular service is maintained
or which are not operated during the winter season.

(¢) Narrow-gauge tracks or other tracks on which stand-
ard rolling stock can not, for physical reasons, be operated.

(d) Tracks used only temporarily for a period not exceed-
ing one year.



DEFINITIONS 7

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

Open wires mean overhead wires not in conduits, and
consisting of single or paired conductors as opposed to
multiple-conductor cables.

Qualified means familiar with the construction and opera-
tion of the apparatus and the hazards involved.

Reconstruction means replacement of any portion of an
existing installation by new equipment or construction.
Does not include ordinary maintenance replacements.

Rural districts mean all places not urban, usually in
the country, but in some cases within city limits.

Sag.

ipparent sag at any point means the departure of the
wire at the particular point in the span from the straight
line between the two points of support of the span, at
60° F., with no wind loading.

Apparent sag of a span means the maximum depar-
ture of the wire in a given span from the straight line
between the two points of support of the span, at 60° F.,
with no wind loading. Where the two supports are at
the same level this will be the normal sag.

Normal sag means the difference in elevation between
the highest point of support of a span and the lowest
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.

Service means the connecting conductors by which a
supply of electrical energy is carried from a supply line to
the building or premises served. For overhead circuits, it
includes the conductors from the last line pole to the service
switch or fuse. The portion of an overhead service between
the pole and building is designated as ‘‘service drop.”

Structure conflict (as applied to a pole line) means that
the line is so situated with respect to a second line that the
overturning (at the ground line) of the first line will result
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in contact between its poles or conductors and the conductors
of the second line, assuming that no conductors are broken
in either line.

N
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Exceptions.—Lines are not considered as conflicting under
the following conditions:

(1) Where one line crosses another.

(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 line and
not less than 20 feet.
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Substantial means so constructed and arranged as to be
of adequate strength and durability for the service to be
performed under the prevailing conditions.

Splicing chamber. See definition for manhofe.

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

Urban districts means thickly settled areas (whether in
cities or suburbs) or where congested traffic often occurs. A
highway, even though in the country, on which the traffic is
often very heavy, is considered as urban.

Utilization equipment means equipment, devices, and con-
nected wiring which utilize electrical energy for mechanical,
chemical, heating, lighting, testing, or similar purposes and
are not a part of supply equipment, supply lines, or communi-
cation lines.

Voltage or volts means the highest effective voltage be-
tween any two conductors of the circuit concerned, except
that in grounded multiwire circuits, not exceeding 750 volts
between outer conductors, it means the highest effective
voltage between any wire of the circuit and the ground.

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

When one circuit is directly connected to another cir-
cuit of higher voltage (asin the case of an autotransformer),
both are considered asof the higher voltage, unless the cir-
cuit of lower voltage is permanently grounded. Direct
connection implies electrical connection as distinguished
from connection merely through electromagnetic or electro-
static induction.

Wire gauges.—The American Wire Gauge (A. W. G.),
otherwise known as Brown & Sharpe (B. & S.), is the stand-
ard gauge for copper, aluminum, and other conductors,
excepting steel, for which the Steel Wire Gauge (Stl. W. G.)
is used throughout these rules,

25804°—27——3






SEC. 20. SCOPE, NATURE, AND APPLICATION OF
RULES
200. ScoPE OF RULES.
A. Extent of Application.
The following rules apply to electrical supply and
electrical communication lines in overhead and
underground construction whether operated in con-
nection with public utilities, privately or munic-
ipally owned, with industrial establishments, or
otherwise.
B. Not Complete Specifications.
These rules are not complete specifications but are
intended to embody the requirements 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 local conditions in all
particulars not specified in the rules.
201. APPLICATION OF THE RULES AND EXEMPTIONS.
A. Intent, Modification.
The rules shall apply to all installations except as
modified or waived by the proper administrative
authority. They are intended to be so modified or
waived whenever they involve expense not justified
by the protection secured or for any other reasons
are impracticable; or whenever equivalent or safer
construction can be more readily provided in other

ways.
(11)
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SEC. 20—SCOPE AND APPLICATION

201. APPLICATION OF THE RULES AND ExEMPTIONS—Con.

B.

C.

Realization of Intent.

The intent of the rules will be realized:

1. By applying the rules in full to all new installa-
tions, reconstructions, and extensions, except
where for special reasons any rule is shown to be
impracticable or where the advantage of uniform-
ity with existing construction is greater than the
advantage of construction in conformity with
the rules.

2. By placing guards on existing installations or
otherwise bringing them into compliance with the
rules, except where the expense involved is not
justifiable.

Note.—The time allowed for bringing existing
installations into compliance with the rules as

specified in 2 will be determined by the proper
administrative authority.

Waiver for Temporary Installations.

It will sometimes be necessary to modify or waive
certain rules in cases of temporary installations or
installations which are soon to be discarded or recon-
structed.

Waiver in Emergencies.

In case of emergency or pending decision of the
administrator, the person responsible for the instal-
lation may decide as to modification or waiver of
any rule, subject to review by proper authority, but
shall first notify all parties directly concerned in
advance of construction,
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202. MINIMUM REQUIREMENTS.

The rules state the minimum requirements for spacings,

clearances, and strength of construction. More ample

spacings and clearances or greater strength of construc-
tion may be provided if other requirements are not
neglected in so doing.

Note.—Some of these minimum values are exceeded in
much existing construction; service requirements
frequently call for stronger supports and higher fac-
tors of safety than the minimum requirements of
these rules.

SEC. 21. GENERAL REQUIREMENTS APPLYING TO

210.

211.

212,

OVERHEAD AND UNDERGROUND LINES

DESIGN AND CONSTRUCTION.

All electrical supply and communication lines and
equipment shall be of suitable design and construction
for the service and conditions under which they are to
be operated.

INSTALLATION AND MAINTENANCE.

All electrical supply and communication lines and
equipment shall be installed and maintained so as to
reduce hazards to life as far as practicable.
ACCESSIBILITY.

All parts which must be examined or adjusted during
operation shall be arranged so as to be readily acces-
sible to authorized persons by the provision of adequate
climbing spaces, working spaces, working facilities, and
clearances between conductors.
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SEC. 21—GENERAL

213. INSPECTION AND TESTS OF LINES AND EQUIPMENT.

A. When in Service.

1. INITIAL COMPLIANCE WITH RULES.
Lines and equipment shall comply with these
safety rules upon being placed in service.

2. INSPECTION.
Lines and equipment shall be systematically
inspected from time to time by the person re-
sponsible for the installation.

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

4., RECORD OF DEFECTS.
Any defects revealed by inspection, 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 inspected to see that they are in safe
condition for service.

2. LINES TEMPORARILY OUT OF SERVICE.
Lines temporarily out of service shall be main-
tained in such condition that a hazard will not
be created.
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213. INSPECTION AND TESTS OF LINES AND EQUIPMENT—

B.

Continued.

When Out of Service—Continued.

3. LINES PERMANENTLY ABANDONED.
Lines permanently abandoned shall be removed
if they might create a hazard.

Note.—Overhead service drops to consumers are
often disconnected without removal when the
service is discontinued. This is considered
good practice when it is undesirable to remove
the service drop entirely.

214. ISOLATION AND GUARDING.

A.

Current-carrying Parts.

To promote safety to the general public and to
employees not authorized to approach conductors
and other current-carrying parts of electrical supply
lines, such parts shall be arranged so as to provide
adequate clearance from the ground or other space
generally accessible, or shall be provided with
guards so as to isolate them effectively from acci-
dental contact by such persons.
Noncurrent-carrying Parts.
Ungrounded metal-sheathed service cables, serv-
ice conduits, metal fixtures, and similar noncurrent-
carrying parts, if located in urban districts and
where liable to become charged to more than 300
volts to ground, shall be isolated or guarded so as
not to be exposed to accidental contact by unau-
thorized persons.

As an alternative to isolation or guarding, ground-
ing of certain noncurrent-carrying parts is permitted
by rule 215, B, and rule 280, A, 4.
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SEC. 21—GENERAL

215. GROUNDING OF CIRCUITS AND EQUIPMENT.

A.

Methods.

The methods to be used for permanent grounding

for lightning arresters of supply lines, for circuits,

for equipment and for wire raceways are given in
section 9. The methods to be used for grounding
of lightning arresters of communication lines are

specified in rule 393.

Parts to be Grounded.

In urban districts metal conduits, cable sheaths, and

frames, cases, and hangers of equipment shall be

permanently grounded.

Exception 1.—This rule does not apply when such
parts are guarded from accidental contact by
unsauthorized persons.

Fxception 2.—This rule does not apply where such
parts are 8 feet or more above the ground.

Exception 3.—This rule does not apply to metal
conduit and cable sheaths inclosing communica-
tion conductors, or supply conductors of not more
than 300 volts to ground, provided such conduit
and sheaths are not exposed to probable contact
with circuits of more than 300 volts to ground.

Recommendation.—It is recommended that supply
cables have the sheath bonded to any conduit
extending above the ground surface.

Note.—Metal conduit above ground which contains
extensions from metal-sheathed underground ca-
ble is considered to be 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 section 9.)

Use of Ground as Part of Circuit.

In urban districts supply circuits shall not be

designed to use the ground normally as the sole con-

ductor for any part of the circuit.

Recommendation.—It is recommended that such use
be avoided in rural districts.
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216. 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.

C. Uniform Position.

The handles or control mechanism for all switches
throughout any system shall have so far as practi-
cable the same position when open and a uniformly
different position when closed, in order to minimize
operating errors. Where it is advisable to depart
from this practice, the switches should be marked so
as to minimize the liability to mistakes in operation.

SEC. 22-28. RULES FOR OVERHEAD LINES

SEC. 22. RELATIONS BETWEEN VARIOUS CLASSES
OF LINES

220. RELATIVE LEVELS.
A. Standardization of Levels.

The levels at which different classes of conductors
are to be located should be standardized where prac-
ticable for any given community by agreement of
the utilities concerned.

Note.—This practice facilitates the extension of
lines and promotes the safety of the public and
workers by permitting the relative levels and re-
quired clearances to be readily obtained on jointly
or commonly used poles as well as at crossings and
conflicts,
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SEC. 22—RELATIONS BETWEEN LINES

220. RELATIVE LEVELS—Continued.

B. Relative Levels—Supply and Communication Con-
ductors.

1.

2.

PREFERRED LEVELS.

Where supply and communication conductors
cross each other or are in conflict, or are located
on the same poles or towers, the supply conduc-
tors shall preferably be carried at the higher level.
Exception.—This does not apply to trolley feeders

which may be located for convenience approxi-

mately at the level of the trolley contact con-
ductor.

Note.—Supply lines generally use larger conduc-
tors than communication lines so there is less
liability of contact between the two if the
supply conductors are located in the upper
position. This relative location also avoids the
necessity of workmen on communication con-
ductors passing through supply conductors and
working above them, and avoids the necessity
of increasing the grade of construction required
for communication conductors.

MINOR EXTENSIONS.

In localities where the practice of placing con-
ductors of communication circuits for public use
above supply conductors has been generally
established, minor extensions may be made in
either system, keeping the conductors in the same
relative position. These extensions should not
continue beyond a location at which it becomes
practicable to change to the arrangement stand-
ardized by these rules.
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220. RELATIVE LEVELS—Continued.

B. Relative Levels—Supply and Communication Con-
ductors—Continued.

3. SPECIAL CONSTRUCTION FOR SUPPLY CIRCUITS, THE

VOLTAGE OF WHICH DOES NOT EXCEED 550 VOLTS,

AND CARRYING POWER NOT IN EXCESS OF 1,600
WATTS.

Where all circuits are owned or operated by one
party, or where cooperative consideration deter-
mines that the circumstances warrant and the
necessary coordinating 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 communica-
tion circuits, may be installed in accordance with
Note & (3) of Table 1 in rule 232, A, and Note a of
Table 11 in rule 238, A, 1, under the following
conditions:

(¢) 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 harddrawn copper or its
equivalent in strength, and the construction
otherwise conforms with the requirements for
supply circuits of the same class.

(b) That the supply circuits be placed on the
end and adjacent pins of the bottom cross
arm, and that a climbing space of at least 30
inches be 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 different form of
insulator from the others on the pole line.
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220. RELATIVE LEVELS—Continued.

B. Relative Levels—Supply and Communication Con-
ductors—Continued.

()

@

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 pins on the cross arm
carrying the supply circuit may be occupied
by communication conductors used in the
operation or control of railway or supply
apparatus, but not for telegraph or telephone
service.

That such supply circuits shall be equipped
with fuses and arresters installed in the sup-
ply end of the circuit. 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 approximately twice
the voltage between the wires of the circuit,
but which need not be less than 500 volts.
Where the supply circuits are alternating
current, fuses shall be installed in the second-
ary side of the supply transformer and shall
be such as to open the circuit successfully
when the voltage is as great as that of the
primary voltage of the transformer,
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220. RELATIVE LEVELS—Continued.
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 should be as follows:

(a) Where all circuits are owned by one utility, the
conductors of higher voltagesshould generally
be placed above those of lower voltage.

Note.—These relative levels will often avoid

the necessity of increasing the grade of con-
struction for cross arms, pins, and conductor
fastenings of the lower-voltage conductors.
() Where different circuits are owned by
separate utilities, 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 so that those of higher voltage are at
the higher levels and that either of the follow-
ing conditions is met:

(1) A vertical spacing of not less than 4 feet
(or 6 feet where required by Table 11,
rule 238, A, 1) is maintained between the
nearest line conductors of the respective
utilities (this space to be identified if
necessary as a division space).

(2) Conductors of a lower voltage classifica-
tion are at a higher level than those of a
higher classification only where on the
opposite side of the pole,
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221.

222.

SEC. 22—RELATIONS BETWEEN LINES

AVOIDANCE OF CONFLICT.

Two parallel pole lines, either of which carries supply

conductors, shall where practicable be so separated from

each other that neither conflicts with the other. If this
is impracticable, then the conflicting line or lines shall
be built of the grade of construction required by section

24 for a conflicting line or the two lines shall be com-

bined in a single pole line.

JOINT USE oF POLES BY SUPPLY AND COMMUNICATION

CIRCUITS.

A. Advantages.

Joint use of poles under suitable conditions and with
certain types of circuits offers many advantages and
promotes safety.

B. Cooperative Study.

Joint use involves contractual relations between
utilities, consideration of service requirements, and
economies as well as safety. It, therefore, requires
cooperative study by the utilities concerned.

C. Conditions Under Which Joint Use is Desirable.
In the case of local or distribution circuits along the
same highway or similar right of way, where, under
the provisions of section 24 applying to joint use,
grade C construction or less would be required,
joint use is generally preferable to separate pole
lines (except sometimes in rural districts) unless the
number of conductors is very large or the character
of the circuits makes joint use undesirable.

Where circuits other than those mentioned above
are involved, the choice between joint use of poles
and separate pole lines shall be determined through
cooperative consideration, by the utilities concerned,
of all the factors involved, including the character



RULE 222—JOINT USE 23

222. JoINT USE OF POLES BY SUPPLY AND COMMUNICATION

C.

Circuits—Continued.
Conditions Under Which Joint Use is Desirable—
Continued.
of circuits, the total number and weight of conduc-
tors, tree conditions, number and location of
branches and service drops, availability of right of
way, etc. Where such joint use is mutually agreed
upon, it shall be subject to the appropriate grade
of construction as specified in section 24. Where
such joint use is not employed, separate lines as
specified in rule 223 shall be used.

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

223. SEPARATE POLE LINES.

Where two separate pole lines are to be used, one of
which carries supply conductors and the other com-
munication conductors, they shall be separated, if
practicable, so that neither conflicts with the other,
but if within conflicting distance, they shall be sepa-
rated as far as practicable.

230.

GENERAL.
A.

SEC. 23. CLEARANCES

Application.

This section covers all clearances involving poles
and wires. Clearances of lamps from pole surfaces,
from spaces accessible to the general public, and
beight above ground are covered in rule 286, E.

. Constant-Current Circuits.

The clearances for constant-current circuits shall
be determined on the basis of their nominal full-
load voltage.
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230.

231.

SEC. 23—CLEARANCES

GENERAL—Continued.

C. Metal-Sheathed Supply Cables.
As far as clearances are concerned, permanently
grounded continuous metal-sheathed supply cables
of all voltages are classified the same as open supply
wires of 0 to 750 volts.

D. Maintenance of Clearances.
When initial wire sags have increased, due to per-
manent elongation of wires or movement of sup-
porting structures, so that the clearances or separa-
tions have materially decreased, slack should be
taken up.

Note.—As soft copper stretches more than medium
or hard, the taking up of slack will be necessary
chiefly in lines where soft wire is used.

HoRI1ZONTAL CLEARANCES OF SUPPORTING STRUCTURES
FROM OTHER OBJECTS.
Poles, towers, and other supporting structures and
their guys and braces shall have the following horizontal
clearances from other objects. The clearance shall be
measured between the nearest parts of the objects
concerned.
A. From Fire Hydrants.
Not less than 3 feet.
Recommendation.—Where conditions permit, a clear-
ance 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 inacces-
sible from the poles.
C. From Curbs.
Not less than 6 inches measured to the street side
of the curb.
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231. HORIZONTAL CLEARANCES OF SUPPORTING STRUCTURES
FROM OTHER OBJECTS—Continued.

D. From Railroad Tracks.

Where railroad tracks are paralleled or crossed by

overhead lines, the poles shall, if practicable, be

located not less than 12 feet from the nearest track
rail.

Excéption 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
track rail as conditions require. If very close,
however, permanent screens on cars will be
necessary to protect passengers.

Exception 3.—Where necessary to provide safe
operating conditions which require an uninter-
rupted view of signals, signs, etc., along tracks,
the parties concerned shall cooperate in locating
poles to provide the necessary clearance where
practicable.

232. VERTICAL CLEARANCE OF WIRES ABOVE GROUND OR
RAILS.
The vertical clearance of all wires above ground in
generally accessible places or above rails shall be not
less than the following:
A. Basic Clearances.
The clearances in Table 1 apply under the following
conditions.
Temperature of 60° F., no wind.
Span lengths 0 to 150 feet.
Voltage 0 to 50,000 volts.
Fixed conductor supports.

For other conditions see rule 232, B.
25804°—27——4
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232. VERTICAL CLEARANCE OF WIRES ABOVE GROUND OR
RarLs—Continued.

A. Basic Clearances—Continued.

Table 1.—Minimum Vertical Clearance of Wires Above Ground
or Rails
[All voltages are between wires unless otherwise stated. Supply wires include trolley
eeders
r 4
Guys;
messen- Trolley con-
gers; tact conduc-
communi- Open supply line tors and associ-
- cation, wires, arc wires ated span or
span, and and service drops messenger
lightning wires @
Nature of ground or rails protection
underneath wires wires; per-
manently
grounded
continu- 0t0 750 Ex-
ous-metal- || O0to | 750to | 15,000 volts -
sheath 750 15, 000 to to ing 750
cables. All|| volts | volts | 50,000 round volts to
voltages volts ||& ground
WHERE WIRES CROSS OVER
Track rails of railroads handling
freight cars on top of which Feet Feet Feet Feet Feet Feet
men are permitted > ______.___ €27 €27 €28 30 422 422
Track rails of railroads not in-
cluded above. . ____________. 18 18 20 22 *18 20
Streets, alleys or roads in urban
or rural distriets._..._..._...___. 718 18 20 22 “18 ©20
Driveways to residence garages.. 10 10 20 22 *18 *20
Spaces or ways accessible to pe-
destriansonly . _.__.._...._.._. 015 h15 15 17 i 16 ‘18
WHERE WIRES RUN ALONG
Streets or alleys in urban dis-
tricts.. . oo 1.5 18 118 20 22 *18 *20
Roads in rural districts. - ikl15 i15 18 20 18 «20

See footnotes on page 27
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232. VERTICAL ‘CLEARANCE OF WIRES ABOVE GROUND OR
RaiLs—Continued.

A. Basic Clearances—Continued.

Footnotes for Table 1

e Where subways, tunnels, or bridges require it, less clearances above g:und than required
by Table 1 may be used locally. The trolley contact conductor should be graded very grad-
uall§ from the regular construction down to the reduced elevation. i

b For wire crossings over railways handling only cars considerably lower than ordinary
freight cars, the clearance may be reduced by an amount equal to the difference in height
between the highest car handled and the highest ordinary freight car, but the clearance shall
not be reduced below that required for street crossings.

¢ This clearance may be reduced to 25 feet where paralleled by trolley contact conductor
on the same street or highway. .

d In communities where 21 feet has been established, this clearance may be continued if
carefully maintained. The elevation of the contact conductor should be the same in the
crossing and next adjacent spans. (See rule 289 D, 2, for conditions which must be met where
uniform height above rail is impracticable.) .

e In communities where 16 feet has been established for trolley contact conductors 0 to
750 volts or 18 feet for trolley contact conductors exceeding 750 volts, this clearance may be
continued if carefully maintained.

f Where a guy crosses a street or alley in urban districts and the section of the guy above
the street or alley is effectively insulated against the highest voltage to which it is exposed,
up to 7,500 volts, the clearance may be reduced to 16 feet at the side of the traveled way.

¢ This clearance may be reduced as follows: . Feet

(1) For communication conductors of circuits limited to 160 volts to ground and
carrying not more than 50 watts

(2) For conductors of other communication cirewits. ... o coococeaaaaa. 10

@) Forguys._ ... —— 8
h This clearance may be reduced as follows:

(1) Supply wires (except trolley contact wires) limited to 300 volts to ground. ... 12

(2) Supply wires (cxcept trolley contact wires) limited to 150 volts to ground and
Jocated at entrances to buildings. -
(3) Where supply circuits of 550 volts or less, with transmitted power of 1,600
watts or less are run along fenced (or otherwise guarded) private rights of

i way in accordance with the provisions specified in rule 220, B,3_.__.______ 1

i Trolley contact conductors for industrial railways when not along or crossing over road-
ways may be placed at a less height if suitably guarded.

j Where a pole line along a road is located relative to fences, ditches, embankments, etc.,
so that the ground under the line will never be traveled except by pedestrians, this clearance
may be reduced as follows: . "

‘eel

Fi
(1) Communication conductors limited to 160 volts to ground and transmitted
power of 50 watts -
(2) Supply conductors 12

k No clearance from ground is required for anchor guys not crossing streets, driveways,
roaril)?, or pathways nor for anchor guys provided with traflic guards and paralleling sidewalk
curbs.

1 This clearance may be reduced to 13 feet for communication conductors where no part
of the line overhangs any part of the highway which is ordinarily traveled, and where 1t is
unlikely that loaded vehicles will be crossing under the line into the flelds,
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232. VERTICAL CLEARANCE OF WIRES ABOVE GROUND OR

RaiLs—Continued.

B. Increased Clearances.
Greater clearances than given in Table 1 (rule 232,
A) shall be provided under the following conditions.
The increases required in 1, 2, and 3 below are
cumulative where more than one applies.
1. SPANS EXCEEDING 150 FEET.

Exception.—Trolley contact conductors are

exempted from this rule.

(@) GeneraL. For spans exceeding 150 feet the
clearance shall be increased by 0.1 foot for
each 10 feet of the excess over 150 feet. See
(c) below.

(®) At RamLroap Crossings. Where the clear-
ance of conductors is determined by the
presence of railroad or railway tracks in the
span, the increase in clearance may be
determined by the following:

Where the distance from the nearer crossing
support to the farthest track rail does not
exceed 75 feet, no increase is required.
Where this distance exceeds 75 feet, 0.2 foot
for each 10 feet of excess. See (c¢) below.

(¢) MaxiMmum INCREASE IN CLEARANCE. The
increase in clearance given by (a) or (b) above
need not exceed the limiting values given
in the table below provided conductor sags
are such that the maximum tension in the
conductor does not exceed the specified per-
centages of its breaking load:

Limiting clearance increase in
Percentage of breaking load of feet for different loading districts,
conductor

Heavy Medium Light

50 . 2.5 3.0 4.0
60 . 2.5 4.0 5.0
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232. VERTICAL CLEARANCE OF WIRES ABOVE GROUND OR
Ra1Ls—Continued.

B. Increased Clearances—Continued.
2. VOLTAGES EXCEEDING 50,000.

For these voltages the clearances given in Table 1
(rule 232, A) 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 increased by such an

amount that the values specified in Table 1

(rule 232, A) will be maintained in case of a

broken conductor in either adjoining span, if

the conductor is supported as follows:

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

() At one support by strain insulators and at
the other support by semistrain-type insu-
lators.

4. METHODS OF AVOIDING THIS INCREASE OF CLEAR-

ANCE.

Any of the following construction methods will

avoid the necessity for the increase in clearance

required by rule 232, B, 3.

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

) Semistrain-type insulators at both supports.

(¢) Arrangement of insulators so that they are
restrained from displacement toward the
crossing.
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232. VERTICAL CLEARANCE OF WIRES ABOVE GROUND OR
RAILs—Continued.

C. Supply Pole Wiring at Underground Risers.

Supply wires connecting to underground systems
shall not be run open closer to the ground than is

indicated by Table 2:
Table 2.—Clearance Above Ground for Open Supply Wiring
Voltage
Location on pole 0to 750 750 to More than
voits | D | Voe
Side of pole adjacent to vehic- Feet Feet Feet
ular traffie_______________ - 14 16 18
Side of pole not adjacent to
vehicular traffic.____________ 8 11 13

233. WIRE CROSSING CLEARANCES.
The clearance between 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:
Temperature of 60° F., no wind.
Where the sum of the distances from the point of
intersection of two crossing wires to the nearer
supporting structure of each span does not exceed
100 feet.
Where the upper conductor or wire has fixed
supports.
Conductors of lines operating at the voltages indi-
cated at the heads of columns should, in general,
be installed above those to the left of the table,
where a clearance is given in boldface type.
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233. WIRE CROSSING CLEARANCES—Continued.
A. Basic Clearances—Continued.

Table 3.—Wire Crossing Clearances

[All voltages are between wires except for trolley contact wires where voltages are to ground]

[The insertion of a given clearance in italics indicates that in general the lines operating
at the voltafe named above this clearance should not cross over the lines at the voltage

to the left of the clearance in italics]
Open supply
wires 0 to 750
volts and lper-
manently Open supply | Guys,
grounded con- | wires and serv- | messen-
gggli' tiﬁmrilds-metzln- ice drops | E€rS,Span
- | sheath su
Nature of wires crossed over cation cu‘:)les ofpgll]y Yigh o
wires ltages ning-pro-
voltag tection
Serv- | 750 to |7,500t0] Wires®
Line ¢ 2
wires ice 7,500 | 50,000

drops | volts volts

Communication, including cables Feet | Feet Feet Feet Feet Feet
" and messengers. .. ooooccoee coeeee 52 c4 2 4

Supply cables having permanently
grounded continuous metal
sheath, all voltages_..__.___.......

Open supply wires:
0to750 volts.____...___...._.....
750 to 7,500 volts_ _______________
7,600 to 50,000 volts_.____________

Trolley contact conductors.......... d

>~
k.
™
¥
-
»

- DI
| e 20
@ |
|
[ B X

Guys, messengers, Sspan Wwires,
lightning-protection wires, serv-
jce drops Oto 760 volts_.._________ b2 2 2 4 4 82

s Completely insulated sections of guys attached to supporting structures having no con-
ductor of more than 7,500 volts may have less than this clearance from each other.

» The clearance of communication conductors and their guy, span, and messenger wires
from each other in locations where no other classes of conductors are involved may be redu
by mutual consent of the parties concerned, subject to the approval of the regulatory body
having jurisdiction, except for fire-alarm wires and wires used in the operation of railroads,
mi w):nert'ee one set of conductors is for public use and the other used in the operation of sup-
ply systems.

¢ A clearance of 2 feet may be permitted where the supply conductor is above the communi-
cation conductor, provided the crossing is not within 6 feet from any pole concerned in the
crossing and the voltage to ground does not exceed 300 volts.

d Trolley-contact conductors of more than 750 volts should have at least 6 feet clearance.
This clearance should also be provided over lower-voltage trolley-contact conductors unless
the crossover conductors are beyond reach of a trolloy ;l)]ole leaving the trolley-contact con-
ducgor g; are suitably protected against damage from trolley poles leaving the trolley-contact
conductor.

* Trolley feeders are exempt from this clearance requirement for trolley-contact conductors
if they are of the same nominal voltage and of the same system.
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233. WIRE CROSSING CLEARANCES—Continued.
B. Increased Clearances.

Greater clearances than given in Table 3 (rule 233,
A) shall be provided under the following conditions.
The increases required in 1, 2, and 3 below are cumu-

lative where more than one applies.

1. WHERE THE SUM OF THE DISTANCES FROM THE

NEARER SUPPORTING STRUCTURE OF EACH SPAN
TO THE POINT OF INTERSECTION EXCEEDS 100
FEET.

Under this condition the clearances given in Table
3 (rule 233, A) shall be increased by 0.1 foot for
each 10 feet of the excess over 100 feet. This
increase need not exceed the limiting values given
below when the sag of the upper conductor is such
that the maximum stress in that conductor will
not exceed the specified percentage of its ultimate
stress.

Maximum increase in feet for
different loading territories

Percentage of ultimate conductor
stress

Heavy Medium Light

60 . 2.5 3.0
2.5 4.0

4.0
5.0

. VOLTAGES EXCEEDING 50,000.

For these voltages the clearances given in Table
3 (rule 233, A) shall be increased at the rate of
0.5 inch for each 1,000 volts of the excess.
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233. WIRE CROSSING CLEARANCES—Continued.
B. Increased Clearances—Continued.

3. CONDUCTORS SUPPORTED BY SUSPENSION-TYPE

INSULATORS AT CROSSINGS OVER COMMUNICA-
TION WIRES.
For such conductors the clearance shall be
increased by such an amount that the values
specified in Table 3 (rule 233, A) will be main-
tained in case of a broken conductor in either
adjacent span, provided such conductor is sup-
ported as follows:

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

() At one support by a strain insulator, and at
the other support by a semistrain-type in-
sulator.

4. METHODS OF AVOIDING THIS INCREASE OF CLEAR-
ANCE.

Any of the following construction methods will

avoid the necessity for the increasé in clearance

required by rule 233, B, 3.

(@) Suspension-type insulators in a suspended po-
sition at both supports.

(0) Semastrain-type insulators at both supports.

(¢) Arrangement of insulators so that they are
restrained from displacement toward the
crossing,
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SEC. 23—CLEARANCES

234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES.

A. Clearances from Conductors of Another Line.

The clearance in any direction between any con-
ductor of one line and any conductor of a second
and conflicting line shall be'not less than the largest
value required by 1, 2, or 3 below at 60° F. and no
wind.

1.
2.

Four feet.

The values required by rule 235, A, 2, (a) (1) or
(2) for separation between conductors on the
same support.

. The apparent sag of the conductor having the

greater sag, plus 0.2 inch per kilovolt of the high-
est voltage concerned.

B. Clearances from Supporting Structures of Another
Line.

Conductors of any line passing near a pole or
similar supporting structure of a second line
without being attached thereto, shall have clear-
ances 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.

. Three feet if practicable.
. The values required by rule 235, 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 struc-
ture of the second line to the nearest supporting
structure of the first line.

The climbing space on the structure of the
second line shall in no case be reduced by a con-
ductor of the first line.
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234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES—Continued.

C. Clearances from Buildings.

1. GENERAL.
Conductors shall be arranged and maintained so
as to hamper and endanger firemen as little as
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 beginning not over 8 feet from
the building, to facilitate the raising of ladders
where necessary for fire fighting.

Exception.—This requirement does nor apply

where it is the unvarying rule of the local fire
departments to exclude the use of ladders in
alleys or other restricted places which are gen-
erally occupied by supply lines.

3. OPEN SUPPLY CONDUCTORS ATTACHED TO BUILD-

INGS.

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:

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

(0) Clearance of wires from building surface
shall be not less than those required in
Table 9 (rule 235, A, 3, (a)) for clearance of
conductors from pole surfaces.
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234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES—Continued.

C. Clearances from Buildings—Continued.
4. CONDUCTORS PASSING BY OR OVER BUILDINGS.
() Minimum CLEArANCES. Unguarded or ac-
cessible supply conductors carrying voltages
in excess of 300 volts shall not come closer
to any building or its attachments (bal-
conies, platforms, etc.) than listed below.

(1) sPANS 0 TO 150 FEET.

Table 4.—Clearances of Supply Conductors from Buildings

Voltage of supply con-

ductors Horizontal clearance Vertical clearance
Feet Feet

300 to 7,500 ... 3 8

7,500 to 15,000____ 8 8

15,000 to 50,000-_ 10 10

Exceeding 50,000._| 10 plus 0.5 inch 10 plus 0.5 inch
per kv. in ex- per kv. in ex-
cess. cess.

(2) SPANS EXCEEDING 150 FEET. Where span
lengths exceed 150 feet, the increased
clearances required by rule 232, B, 1 shall
be provided.

Exception.—These increased clearances
are not required where the voltage of

the supply conductors is from 300 to
7,500 volts.
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234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES—Continued.

C. Clearances from Buildings—Continued.

(d) Crossing Roors. Supply conductors ex-
ceeding 7,500 volts should not be carried over
buildings not concerned in the operation of
the utility owning them, if this can be
avoided.

(¢) Guarping oF SuppLY CoNDUCTORS. Supply
conductors of 300 volts or more shall be
properly guarded by grounded -conduit,
barriers, or otherwise, under the following
conditions:

(1) Where the clearances set forth in Table 4
(rule 234, C, 4, (a), (1)) can not be
obtained.

(2) Where such supply conductors are placed
near enough to windows, verandas, fire
escapes, or other ordinarily accessible
places, to be exposed to contact by
persons. '

Note.—Supply conductors in grounded

metal-sheathed cable are considered to be
guarded within the meaning of this rule.
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SEC. 23—CLEARANCES

234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES—Continued.

D. Clearances from Bridges.
1. CLEARANCES OF CONDUCTORS FROM BRIDGES.

Supply conductors, not installed in grounded
conduit or metal-sheath cable, which pass under,
over, or near a bridge shall have clearances
therefrom not less than given in Table 5.

Table 5.—Clearances from Bridges

Readily accessible por-
tions (other than
traveled wayse) of

From ordinarily inac-
cessible portions ¢ of
bridges (other than

any bridge, including brick, concrete, or
wtigmg ]:valls tgr bridge ng)asgnry)tsand om
abutmen
Operating voltages attachmen
For con- For con- For con- For con-
ductors |ductors not| ductors |ductors not
attached to| attached to| attached to| attached to
bridge ¢ bridge bridge ¢ bridge ¢
Feet Feet Feet Feet
0t02,600.____ 3.0 3.0 0.5 3.0
Over 2,500 t0 5,000 - ... _.______..... 3.0 3.0 1.0 3.0
Over 5,000 to 7,500 . ._______________.__ 3.0 3.0 3.0 3.0
Over 7,500 to 15,000 . __________._______. 5.0 5.0 5.0 5.0
Over 15,000 to 25,000 - ... ... 7.5 7.5 7.5 7.5
Over 25,000 to 35,000 __._. 7.5 9.0 7.5 9.0
Over 35,000 t0 50,000 . ... . ._...... 7.5 12.0 7.5 12.0

o Where over traveled ways on or near bridges the clearances of rule 232 apply.

» Bridge seats of steel bridges carried on ruasonry,

brick, or concrete abutments which

require frequent access for inspection shall be considered as readily accessible portions.
¢ Conductors should have clearance not less than given in this column, where practicable.
4 Conductors should have the clearances given in this column increased as much as practi-

cable.
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234. CLEARANCES OF CONDUCTORS OF ONE LINE FROM
OTHER CONDUCTORS AND STRUCTURES—Continued.

D. Clearances from Bridges—Continued.

2. GUARDING TROLLEY CONTACT CONDUCTORS LO-
CATED UNDER BRIDGES.

(a¢) WHERE GuARDING Is REQUIRED. Guarding

®)

is required where the trolley contact conduc-
tor is located so that a trolley pole leaving
the conductor can make simultaneous con-
tact between it and the bridge structure.
Narure oF GuarpiNG. Guarding shall con-
sist of a substantial inverted trough of non-
conducting material located above the con-
tact conductor, or of other suitable means of
preventing contact between the trolley pole
and the bridge structure.

235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS.

A. Separation Between Conductors on Pole Lines.
1. APPLICATION OF RULE.
(@) Murti-ConpucTor Wires or CaBLEs. Ca-

bles, and duplex, triple or paired conduc-
tors supported on insulators or messengers,
whether single or grouped, are for the pur-
poses of this rule considered single conduc-
tors even though they may contain individual
conductors not of the same phase or polarity.
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SEC. 23—CLEARANCES

235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.

A. Separation Between Conductors on Pole Lines—
Continued.

1. APPLICATION OF RULE—continued.

®)

(c)

CoNDUCTORS SUPPORTED BY M ESSENGERS OR
SpaNn Wires. Clearances between individual
wires or cables supported by the same mes-
senger, or between any group and its sup-
porting messenger, or between a trolley feeder
supply conductor, or communication con-
ductor, and their respective supperting span
wires, are not subject to the provisions of
this rule.

MEAsUREMENT OF CLEARANCES. The clear-
anees and separations stated may be measur-
ed from the center of the supporting insulator
instead of from the conductor itself.

2. HORIZONTAL SEPARATIONS BETWEEN LINE CON-
DUCTORS.

(a) Fixep SupporTs. Line conductors attached

to fixed supports shall have horizontal sepa-
rations from each other notless than the
larger value required by either (1) or (2)
below for the situation concerned.

Exception 1.—The pin spacing at buckarm
construction may be reduced as specified
in rule 236, F, to provide climbing space.

Eaxception 2—The pin spacing at bridge fix-
guresomay be reduced as specified in rule

35, C.

Exception 3.—Grades D, E, and N need meet

only the requirements of (1) below.
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.
A. Separation Between Conductors on Pole Lines—
Continued.
2. HORIZONTAL SEPARATIONS BETWEEN LINE CON-
DUCTORS—continued.
(a) Fixep SupporTs—Continued.
(1) MINIMUM HORIZONTAL SEPARATION BE-
TWEEN LINE CONDUCTORS OF THE SAME
OR DIFFERENT CIRCUITS. Separations
shall be not less than given in Table 6.

Table 6.—Minimum Horizontal Separation at Supports Between
Line Conductors of the Same or Different Circuits

PR Separa-
Class of circuit tion Notes
Inches
Communication conductors.......... 6 || Preferable minimum. Does not ap-
ply t:t conductor transposition
poin

3 || Permitted where pin spacings less
than 6 inches have been in regular
use. Does not apply at conductor
transposition points.

Railway feeders:
0to 750 volts, No. 4/0 or larger._____ [}
0 to 750 volts, smaller than No. 4/0_._. 12 || Where 10 to 12 inch_separation has
already been established b{
750 volts to 7,500 volts_..__._____.__ 12 tice, it may be continued, subject to
the provisions of rule 235 A, 2, (a),
Other supply conductors: (2), for spans having a) pnrent sags
0to 7,500 volts_ . ___._____.____. 12 not over 3 feet and for voltages not
exceeding 7,500

For all conductors of more than 7,500
volts add for each 1,000 volts in :
excess of 7,500 volts_ ... __ 0.4

25804°— 27—
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.
A. Separation Between Conductors on Pole Lines—Con.
2. HORIZONTAL SEPARATIONS BETWEEN LINE CON-
DUCTORS—continued.
(@) Fixep SupporTs—Continued.

(2) SEPARATIONS ACCORDING TO SAGS. The
separation at the supports of conductors
of the same or different circuits of
grades A, B, or C shall in no case be
less than the values given by the follow-
ing formulas, at 60° F. without wind.
The requirements of rule 235, A, 2, (a),
(1) apply if they give a greater separation
than this rule.

For line conductors smaller than No. 2. A. W. G.:

Separation=0.3 inch per kilovolt-+7 2—8.
For line conductors of No. 2. A. W. G. or larger:

Separation =0.3 inch per kilovolt+ 8\/ %

where S is the apparent sag in
inches of the conductor having
the greater sag, and the separa-
tion is in inches.

Table 7.—Separation in Inches Required for Line Con-
ductors Smaller Than No. 2 A. W. G.

Sag (in inches)
Voltages
36 48 72 96 120 180 240
20.0 28.0 34.5 40.0 80. 5 59.5
20.5 28.5 35.0 40.5 51.0 60.0
22.0 30.0 36.6 415 52. 5 615
24.0 32.0 38.5 43.6 54.5 63.5
26.5 34.5 41.0 46.0 57.0 66.0
29.6 38.0 4.0 49.5 60. 5 69. 5
33.0 41.0 47.5 53.0 63. 5 72.5
30.5 48.0 54.0 59.5 70.5 79.0
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.

A. Separation Between Conductors on Pole Lines—
Continued.
2. HORIZONTAL SEPARATIONS BETWEEN LINE CON-
DUCTORS—continued.
(a) Fixep SurporTs—Continued.

Table 8.—Separation in Inches Required for Line Con-
ductors of Size No. 2 A. W. G. or Larger

Sag (in inches)
Voltages

36 48 72 96 120 180 240
140 16.0 20.0 2.0 25.5 31.0 36.0
14.5 16.5 20.5 23.5 26.0 3L.5 36.5
16.0 18.0 2L.5 4.5 27.5 33.0 38.0
18.0 20.0 23.5 26.5 29.5 35.0 39.5
20.5 22.5 26.0 20.0 32.0 3.5 42.5
24.0 26.0 29.5 32.5 35.0 410 45.5
27.0 290.0 33.0 36.0 38.5 4.0 49.0
36.0 39.5 42.5 45.0 51.0 55. 5

() SusPENSION INSULATORS NOT RESTRAINED
FrROM MovEMENT. Where suspension in-
sulators are used and are not restrained from
movement, the conductor separation shall
be increased so that one string of line insula-
tors may swing transversely through an angle
of 45° from a vertical position without reduc-
ing the values given in (@) above.
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.
A. Separation Between Conductors on Pole Lines—
Continued.
8. CLEARANCES IN ANY DIRECTION FROM LINE CON-
DUCTORS TO SUPPORTS, AND TO VERTICAL OR
LATERAL CONDUCTORS, SPAN OR GUY WIRES,
ATTACHED TO THE SAME SUPPORT.

(¢) Fixep SupporTs. Clearances shall be not
less than given in Table 9.

Table 9.—Minimum Clearance in Any Direction from Line Con-
ductors to Supports, and to Vertical or Lateral Conductors,
Span or Guy Wire, Attached to the Same Support

Communica- .
tion lines Supply lines

0 to 7,500 volts | Exceed-

Clearance of line conductors from— o ing 7,500
I on volts
n gen- | jointly On add for
eral “gfgs In gen- | jointly |each 1,000
D eral, | used | volts of

poles | excess

Vertical and lateral conductors: Inches | Inches | Inches | Inches | Inches
Of same cireuit. -« o coeeoceoeeeaeao 3 3 3 3 0.25
Of other circuits_........._. ... 3 3 6 6 .4
Span and guy wires attached to same pole:
General .____..._..._.. 3 6 6 6 .4
‘When parallel to line. ®) ®) ®) ®) .4
Lightning protection wires parallel to line___|[ (¢) ®) ® ®) .4
Surfaces of cross arms. ..o oeomoaoaoo °3 €3 3 3 .25
c3 (X 3 a5 .25

Surfaces of poles. - - oo

o If practicable. .

b Clearance shall not be less than the separation required by Table 6 or rule 235, A, 2, (a),
(2) between two line conductors of the voltage concerned.

¢ Communication conductors may be attached to supports on the sides or bottoms of cross
arms or surfaces of poles if at least 40 inches from any supply line of less than 7,500 volts and
at least 60 inches from any supply line of more than 7,500 volts carried on the same pole.

4 This clearance applies only to supply conductors carried on cross arms below communi-
cation conductors on joint poles. Where supply conductors are above communication

conductors the clearance shall be at least 3 inches.
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235. MiNIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.

A. Separation Between Conductors on Pole Lines—
Continued.

3. CLEARANCES IN ANY DIRECTION FROM LINE CON-
DUCTORS TO SUPPORTS, AND TO VERTICAL OR
LATERAL CONDUCTORS, SPAN OR GUY WIRES,
ATTACHED TO THE SAME SUPPORT—continued.

() SusPENsION INSULATORS NOT RESTRAINED
From MovemeENT. Where suspension in-
sulators are used and are not restrained from
movement, the conductor clearances from
surfaces of supports, from span or guy wires,
or from vertical or lateral conductors shall
be such that the values of clearances required
by (a) above will be maintained with an in-
sulator swing of 45° from the vertical position.

4. CONDUCTOR SEPARATION—VERTICAL RACKS.

Conductors or cables may be carried on vertical
racks at one side of the pole with a vertical sepa-
ration of at least 4 inches if all the following
conditions are met:

(@) The voltage of conductors shall be not more
than 750 volts, except that cables having
permanently grounded continuous metal
sheath may carry any voltage.

(®) Conductors shall be of the same material or
materials.

(¢) Spans shall not average more than 150 feet.

(See Table 9, rule 235, A, 3, for necessary clear-

ances from pole surfaces and rule 236, G, 1, for

method of providing climbing space.)
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.

A. Separation Between Conductors on Pole Lines—
Continued.

5. SEPARATION BETWEEN SUPPLY LINES OF DIFFER-

ENT VOLTAGE CLASSIFICATIONS ON THE SAME
CROSS ARM.
Supply lines of any one voltage classification as
given in Table 11 (rule 238, A, 1) may be main-
tained on the same cross arm with supply lines
of the next consecutive voltage classification only
under the following conditions:

()
®)

©

(d

(@

If they occupy pin positions on opposite
sides of the pole.

If in bridge-arm or side-arm construction
they are separated by a distance of not less
than the climbing space required for the
higher voltage concerned and provided for
in rule 236.

If the higher-voltage conductors occupy the
outer pin positions and the lower-voltage
conductors the inner pin positions.

If series lighting or similar circuits, which
are ordinarily dead during periods of work
on or above the cross arm concerned, occupy
the inner pin position and the lower-voltage
conductors occupy the outer pin position.

If the two lines concerned are communication
lines used in the operation of supply lines,
and supply lines of less than 7,500 volts, and
are owned by the same utility, provided they
are installed as in (@) or (b) above.
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235. MINIMUM LINE-CONDUCTOR CLEARANCES AND SEPA-
RATIONS AT SUPPORTS—Continued.

B.

Separation Between Conductors Attached to Build-
ings.

Separation of wires from each other shall not be less
than those required in Table 6 (rule 235, A, 2, (a),
(1) ) for separation of conductors from each other
at supports.

Exception.—Conductors on vertical racks meeting

the requirements of rule 235, A, 4, may have a
separation of 4 inches.

Separation Between Conductors Attached to Bridges.

Supply conductors attached to bridges and sup-
ported at frequent intervals may have less separa-
tion at supports than required by rule 235, A, 2,
(@), (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
rule 235, A, 3, (a), or less than the following:

Span length: se nggison
0t0 20 feeb.o— oo .. 6
20 to 50 feet__ oo 9

236. CLIMBING SPACE.

A'

Location and Dimensions.

1. A climbing space having the horizontal dimen-
sions specified in rule 236, E, shall be provided
past any conductors, cross arms, or other parts.

2. The climbing space need be provided on one 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 rule 236,
E, F, G, and I, but may otherwise be shifted from
any side or corner of the pole to any other side
or corner,
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236. CLIMBING SPACE—Continued.

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 construction are not considered to
obstruct the climbing space.

Cross Arm Location Relative to Climbing Space.

Recommendation.—Cross arms should be located on
the same side of the pole.
Exception.—This recommendation does not apply

where double cross arms are used on any pole or
where cross arms on any pole are not all parallel.

. Location of Supply Apparatus Relative to Climbing

Space.

Transformers, regulators, lightning arresters, and
switches when located below conductors or other
attachments shall be mounted outside of the climb-
ing space.

. 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
(rule 236, E, 3), and shall be provided both
along and across the line, and shall be projected
vertically not less than 4 fect above and below
the limiting conductors. Where communication
conductors are above supply conductors of more
than 7,500 volts, the climbing space shall be
projected vertically at least 6 feet above the
highest supply conductor.

Exception.—This rule does not apply if it is the
unvarying practice of the employers concerned
to prohibit employees from ascending beyond
the conductors of the given line, unless the line
is killed,
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236. CLIMBING SPACE—Continued.

E. Climbing Space Through Conductors on Cross
Arms—Continued.

2. CONDUCTORS OF DIFFERENT VOLTAGE CLASSIFICA-
TIONS ON THE SAME CROSS ARM.

The climbing space shall be that required by
Table 10 (rule 236, E, 3) for the highest voltage
of any conductor bounding the climbing space.

3. HORIZONTAL CLIMBING SPACE DIMENSIONS.

Table 10.—Minimum Horizontal Dimensions of Climbing Space
Horizontal dimensions of climbing space (inches)
Voltage of conductors
Character of On mle% ufd solely On jointly used poles
conductors ¥
ad]].w%r;t to
¢ ;11:;1&0;1 € Supply | Communica-
T | Between C(gnmu.nl- Supply cgnductoxs titon cogduc-
'o groun 4 cation con- above com- | tors above
wires ductors | conductorg | nication| supply con-
conductors uctors @
Communica- |(0 to 150. Norequire-|....eceee--- ® No require-
cation con- ment. ment.
ductors.
Exceeding 24 recom- ® 24 recom-
150. mended. mended.
Less than 24 24 30
300.
300 to. ... 7,500 - ccoo||ammemeaaeeas 30 30 30
Supply con-
ductors.  [Jocecaoooo_.] 7,500 tO |[-ccococaoaa- 36 36 36
15,000.
........... Exceeding More than | More than { More than
15,000. ¢ 36. < 36. < 36.

o This relation of levels is not, in general, desirable and should be avoided where practicable.
bb The climbing space shall be the same as required for the supply conductors immediately
above.
¢« Where practicable, Attention is called to the operating requirements of rule 422,
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236. CLIMBING SPACE—Continued.

F. Climbing Space on Buckarm Construction.

The full width of climbing space shall be maintained
on buckarm construction and shall extend vertically
in the same position at least 4 feet (or 6 feet where
required by rule 236, E, 1) above and below any
limiting conductor.

Method of Providing Climbing Space on Buckarm Construction.
With circuits of less than 7,500 volts and span
lengths not exceeding 150 feet and sags not exceed-
ing 15 inches for wires of No. 2 and larger sizes, or 30
inches for wires smaller than No. 2, a six-pin cross
arm having pin spacing of 1414 inches may be used
to provide a 30-inch climbing space on one corner
of a junction pole by omitting the pole pins on all
arms, and inserting pins midway between the re-
maining pins so as to give a spacing of 714 inches,
provided that each conductor on the end of every
arm is tied to the same side of its insulator, and that
the spacing on the next pole is not less than 1414
inches.

G. Climbing Space for Longitudinal Runs.

1. GENERAL.

The full width of climbing space shall be pro-
vided past longitudinal runs and shall extend
vertically in the same position from 4 feet below
the run to a point 4 {eet above (or 6 feet where
required by rule 236, E, 1). The width of climb-
ing space shall be measured from the longitudinal
run concerned.
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236. CLIMBING SPACE—Continued.
G. Climbing Space for Longitudinal Runs—Continued.
1. GENERAL—continued.

Exception.—If a supply longitudinal run is placed
on the side or corner of the pole where climbing
space is provided, the width of climbing space
shall be measured horizontally 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 sup-
ply conductors carrying not more than 750
volts or of permanently grounded continuous
metal-sheathed supply cable carrying any
voltage, and is supported close to the pole as
bydbrackets, racks, or pins close to the pole,
an

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

2, PROTECTION OF LONGITUDINAL RUNS.
If a longitudinal run is located between points
2 feet and 6 feet below supply line conductors
carried on cross arms, it shall be protected by a
suitable guard arm securely fastened to the pole,
or by substantial insulating conduit. Such pro-
tection shall extend to the following distances
from the pole center: Inches
Longitudinal runs in general ____________________ 20
Longitudinal runs of grounded metal-sheath cable
uninsulated from metal supports attached to
the pole o ccecceccaee 24
H. Climbing Space Past Vertical Conductors.
Vertical runs incased in suitable conduit or other
protective covering and securely attached to the
surface of the pole or structure are not considered
to obstruct the climbing space.
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236. CLIMBING SPACE—Continued.
I. Climbing Space Near Ridge-Pin Conductors.

The climbing space specified in rule 236, E, 3 shall
be provided above the top cross arm and past the
ridge-pin conductor.

Exception.—Where a single cross arm carrying only

two conductors is mounted so that the conductors
are 2 feet below a single ridge-pin conductor, the
climbing space specified in rule 236, E, 3 shall be
carried up to the ridge-pin conductor, but need
not be carried past it.

237. LATERAL WORKING SPACE.
A. Location of Working Spaces.

Working spaces shall be provided on the climbing
face of the pole at each side of the climbing space.

B. Dimensions of Working Spaces.

1.

8.

ALONG THE CROSS ARM.

The working space shall extend from the climbing
space to the outmost pin position on the cross
arm.

. PERPENDICULAR TO THE CROSS ARM.

The working space shall have the same dimension
as the climbing space (see rule 236, E). This
dimension shall be measured from the face of the
Cross arm.

VERTICALLY.

The working space shall have a height not less
than that required by rule 238 for the vertical
separation of line conductors carried at different
levels on the same support.
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237. LATERAL WORKING SPA;CE—Continued.

C.

Location of Vertical and Lateral Conductors Rela-
tive to Working Spaces.

The working spaces shall not be obstructed by
vertical or lateral conductors. Such conductors
shall be located on the opposite side of the pole
from the climbing side or on the climbing side of
the pole at a distance from the cross arms at least as
great as the width of climbing space required for
the highest-voltage conductors concerned. Vertical
conductors inclosed in suitable conduit may be
attached on the climbing side of the pole.

Location of Buck Arms Relative to Working Spaces.

Buck arms may be used under any of the following
conditions, provided the climbing space is main-
tained. Climbing space may be obtained as in
rule 236, F.
1. STANDARD HEIGHT OF WORKING SPACE.
Lateral working space of the height required
by Table 11 (rule 238, A, 1) may be provided
between the buck arms and adjacent line arms to
which conductors on the buck arms are not
attached.
Method of meeting requirements. This may be ac-
complished by increasing the spacing between
the line cross arm gains,
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237. LATERAL WORKING SPACE—Continued.

D. Location of Buck Arms Relative to Working
Spaces—Continued.

2. REDUCED HEIGHT OF WORKING SPACE.

Where no circuits exceeding 7,500 volts between
conductors are involved, and the clearances of
rules 235, A, 2, (a), (1) and (2) are maintained,
buck arms may be placed between line arms
having normal spacing, even though such buck
arms obstruct the normal working space; pro-
vided that a working space of not less than
18 inches in height is maintained either above
or below each line arm and each buck arm.

238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFFERENT
LEVELS ON THE SAME POLE OR STRUCTURE.

All line conductors, cables, or equipment located at

different levels on the same pole or structure shall

have the vertical separations set forth below.

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 following table are

for cross arms carrying conductors of 0 to 50,000
volts attached to fixed supports.
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Table 11.—Vertical Separation of Cross Arms Carrying Conductors
Supply conductors; preferably
at higher levels
0 to 750
voltsand 15'003 gi)tslio,OOO
perma-
nently
Conductors usually at lower levels ground- 750 to 7,500
«zd con- | ‘7 5t3°0
inous , 1 :
snﬁet%lx; volts | Volts Stsitltﬁe D;ggr-
eal u y by
cables of utilities
all volt-
ages
Communication conductors:
General . ____________ ... ab4 4 6 6
Used in operation ot supply lines._..._.. 2 €2 4 4 6
Supply conductors:
0to750 volts. - ..o ... 2 a2 4 4 6
750 volts to 7,500 volts. _ .. ...l 42 4 4 6
7,500 volts to 15,000 volts—
If worked on alive with long-handled
tools, and adjacent circuits are
neither killed nor covered with
shields or protectors.. ..o [ccocccmaoofcaaaaos 4 4 6
If not worked on alive except when
adjacent circuits (either above or
below) are killed or covered by
shields or protectors, or by the use
of long-handled tools not requiring
linemen to go between live wires. - 2 4 €4
Exceeding 15,000 volts, but not exceed-
ing 50,000 volts . .- .. o |leeeaaae o-- o4 o4

@ Where supply circuits of 550 volts or less, with transmitted power of 1,600 watts or less, are
run below communication circuits in accordance with rule 220, B, 3 the clearance may be
reduced to 2 feet.

b In localities where the practice has been established of placing on jointly used poles, cross
arms carrying supply circuits of less than 300 volts to ground and cross arms earrying communi-
cation circuits at a vertical separation less than specified in the table, such existing construc-
tion may be continued until the said poles are replaced provided that—

The minimum separation between existing cross arms is not less than 2 feet, and that—
Extensions to the existing construction shall conform to the clearance requirements speci-
fied in Table 11.

When communication conductors are all in cable, a sup?ly cross arm carrying only wires of
not more than 300 volts to ground may be J)Iaeed at not less than 2 feet above the point of
attachment of the cable to the pole provided that— 3

The nearest supply wire on such cross arm shall be at least 30 inches horizontally from
the center of the &)ole, and that—
The cable be placed so as not otherwise to obstruct the climbing space.

* This shall be increased to 4 feet when the communication conductors are carried above
supp}y i:.onductors unless the communication-line-conductor size is that required for grade C
supply lines.

d there conductors are operated by different utilities,a minimum vertical spacing of 4 feet is
recommended. . . .

i‘ Tihese values do not apply to adjacent cross arms carrying phases of the same circuit or
circuits. '
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238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFFERENT
LEVELS ON THE SAME POLE OR STRUCTURE—Continued.

A. Vertical Separations Between Horizontal Cross
Arms—Continued.

2.

INCREASED SEPARATIONS FOR VOLTAGES EXCEED-
ING 50,000.

For 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 the excess.

Vertical Separation Between Line Conductors on
Horizontal Cross Arms.

Where line conductors are supported on horizontal
cross arms spaced as required in rule 238, 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 separation
required by Table 11 may be reduced as follows:

‘Where cross arm Separation between
separation required conductors may be
by Table 11 is— reduced to—

2 feet e __ 16 inches.
4feet. o ____ 40 inches.
6feet .. 60 inches.
WHERE CONDUCTORS OF DIFFERENT VOLTAGE

CLASSIFICATIONS ARE ON SAME CROSS ARM.

Under these conditions, the vertical separation
between conductors on adjacent cross arms shall
be that required by Table 11 (rule 233 A, 1) above
for the highest voltage classification concerned.
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238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFFERENT
LEVELS ON THE SAME POLE OR STRUCTURE—Continued.

B. Vertical Separation Between Line Conductors on
Horizontal Cross Arms—Continued.

3. CONDUCTORS OF DIFFERENT SAGS ON SAME SUP-
PORT.

(@) VariaTioN IN CLEARANCE. Line conductors

(®)

25804°—27—6

supported at different levels on the same
structure and strung to different sags shall
have vertical spacings at the supporting
structures so adjusted that the minimum
spacing at any point in the span, at 60° F.
with no wind, shall not be reduced more than
25 per cent from that required at the supports
by rules 235, A, 2, (a), (1) and (2) and this
rule.

ReADJUSTMENT OF Sags. Sags should be
readjusted when necessary to accomplish the
foregoing, but not reduced sufficiently to con-
flict with the requirements of rule 261, F, 4.
In cases where conductors of different sizes
are strung to the same sag for the sake of
appearance or to maintain unreduced clear-
ance throughout storms, the chosen sag

" should be such as will keep the smallest con-

ductor involved in compliance with the sag
requirements of rule 261, F, 4.
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238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFFERENT
LEVELS ON THE SAME POLE OR STRUCTURE—Continued.

C.

Separation in Any Direction.

The separation in any direction between conductors
of the same or different voltage 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 (rule 238, A, 1 and 2) for
vertical separation.

The separation in any direction shall not in any
case be less than the horizontal separation specified
in rule 235, A, 2, (a), (1) and (2).

. Vertical Separation for Line Conductors Not Carried

on Cross Arms.

The vertical separation between conductors not car-
ried on cross arms shall be the same as required in
rule 238, A, 1 and 2 for cross arms.

Exception.—Conductors on vertical racks may have

a vertical separation of 4 inches under the condi-
tions specified in rule 235, A, 4.

Vertical Separation Between Conductors and Non-

current-Carrying Metal Parts of Equipment.

For the purpose of measuring these separations metal

supports for conductors are considered as noncur-

rent-carrying metal parts of equipment.

1. BETWEEN SUPPLY CONDUCTORS AND COMMUNI-
CATION EQUIPMENT.
The vertical separations specified in Table 11
(rule 238, 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 permanently grounded con-
tinuous-metal-sheath cable.
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238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFFERENT
LEVELS ON THE SAME POLE OR STRUCTURE—Continued.

E. Vertical Separation Between Conductors and Non-
curre(x;t-Carrying Metal Parts of Equipment—Con-
tinued.

2. BETWEEN COMMUNICATION CONDUCTORS AND SUP-
PLY EQUIPMENT.

The vertical separations specified in Table 11
(rule 238, A, 1) as 4 and 6 feet, may be reduced to
40 inches and 60 inches, respectively.

8. BETWEEN SUPPLY AND COMMUNICATION EQUIP-
MENT.

() GeENERAL. The vertical separation specified
in Table 11 (rule 238, A, 1) as 4 and 6 feet,
may be reduced to 40 inches and 60 inches,
respectively.

(®) SepecIAL SEPARATIONS FOR SPAN WIRES OR
BrackeTrs. Span wires or brackets for lamps
or trolley contact conductors shall have at
least the vertical separation from communi-

cation equipment set forth below.

From cross arms carrying communica-
tion conduetors__ _________________ 2 feet
From messenger wires carrying commu-
nication cables_ ___________________ 1 foot
From terminal box of communication
cables, if practicable_______________ 1 foot

Exception.—Where it is not practicable
to obtain a clearance of 1 foot from ter-
minal boxes of communication cables,
all metal parts of terminals shall have
the greatest practicable separation
from fixtures or span wires, including
all supporting screws and bolts of both
attachments.
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238. VERTICAL SEPARATION BETWEEN LINE CONDUCTORS,
CABLES, AND EQUIPMENT LOCATED AT DIFF}:::RENT
LEVELS ON THE SAME POLE OR STRUCTURE—Continued.

E. Vertical Separation Between Conductors and Non-
current-Carrying Metal Parts of Equipment—Con.

4. SUPPLY CROSS-ARM BRACES CONSIDERED AS
EQUIPMENT.
Where supply cross-arm braces are less than 1 inch
from transformer cases or hangers, the vertical
separation from communication equipment shall
be measured from the nearest part of this supply
equipment, including the cross-arm brace.

F. Vertical Separation Between Communication Con-

ductors Carried at Different Levels on Railroad
Crossing 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 less than 12 inches and preferably
shall be 24 inches.

Exception.—Transpositions are excepted.

239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SUPPORT.

Vertical and lateral conductors shall have the clearances
and separations required by this rule from other conduc-
tors, wires, or surfaces on the same support.

Exception 1.—This rule does not prohibit the placing of
supply circuits of the same or next voltage classifica-
tion in the same iron pipe, if each circuit or set of
wires be inclosed in a metal sheath.

Exception 2.—This rule does not prohibit the placing
of paired communication conductors in rings attached
directly to the pole or to suspension strand.
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SupPPORT—Continued.

A. Location of Vertical or Lateral Conductors Relative
to Climbing Spaces, Working Spaces, and Pole
Steps.

Vertical or lateral conductors shall be located so

that they do not obstruct climbing spaces, or lateral

working spaces between line conductors at different
levels or interfere with the safe use of existing pole
steps.

Exception 1.—This rule does not apply to portions
of the pole which workmen do not ascend while
the conductors in question are alive.

Exception 2.—This rule does not apply to vertical
runs incased in suitable conduit or other protective
covering. (See rule 236, H.)

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 mech-
anical protection. For grounding wires from light-
ning arresters, the protective covering specified
above shall be of wood molding, or other insulating
material giving equivalent protection.

Exception 1.—This covering may be omitted for
armored cables or cables installed in a grounded
metal conduit.

Exception 2.—This covering may be omitted for
lead-sheathed cables in rural districts.

Exception 3.—This covering may be omitted for
communication circuits on private fenced rights
of way in the case of conductors or cables from
underground systems,
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SupPorT—Continued.

C. Mechanical Protection near Ground—Continued.
Exception 4. —This covering may be omitted for
grounding wires in rural districts having triple-
braid weather-proof covering, 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
Space on Jointly Used Poles.

1. GENERAL CLEARANCES

In general, clearances shall be not less than the val-
ues specified in Table 12.

Table 12
Clearances (in inches) for
highest voltage concerned in
the clearance
) Exceeding
Clearance of vertical and lateral conductors (Za 53% 1;’ Olfts]
e 10l-
0 to 7,500 volts lowing for
each 1,000 in
excess)
From surfaces of supports__________ 3 0. 25
From span, guy or messenger wires. _ 6 .4
From line conductors rigidly sup-
ported on fixed supports, such con-
ductors being of—
Same cireuit. . _______________ 3 .25
Different circuits_.____________ 6 .4
From line conductors not rigidly
supported on fixed supports_______ (2) (2)

s The clearances shall be increased beyond the values given above from line con-
ductors on flxed supports (See rule 235, A, 2, (b), and 3, (b% ).
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SupPPORT—Continued.

D. Requirements for Vertical and Lateral Supply Con-
ductors on Supply Line Poles or Within Supply
Space on Jointly Used Poles—Continued.

2. SPECIAL CASES.
The following apply only to portions of a pole
which workmen ascend while the conductors in
question are alive.
(@) Vertical conductors of not more than 7,500

()

volts shall clear pole centers by not less than
15 inches for a distance of not less than 4 feet
above and below any open supply line con-
ductors which are not of more than 7,500
volts when the latter are carried on or within
4 feet from the pole. If the vertical con-
ductors are of more than 7,500 volts, this
clearance shall be at least 20 inches. If the
supply conductors are of more than 7,500
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), (¢),
and (d) below.

Vertical and lateral supply conductors, in-
cluding grounding wires which are inclosed
in insulated conduit or in metal conduit or
cable protected by an insulating covering
(or wood molding if wire be used having
triple-braid weather-proof covering), when-
ever within 4 feet of open supply lines of less
than 7,500 volts or within 6 feet from open
supply lines of more than 7,500 volts may
have less than the clearances specified in (a)
above, except as provided in (¢) and (d)
below.
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SupPORT—Continued.

D. Requirements for Vertical and Lateral Supply Con-
ductors on Supply Line Poles or Within Supply
Space on Jointly Used Poles—Continued.

2. SPECIAL CASES—continued.

(c)

@

Vertical conductors in metal-sheathed cables
and grounding wires may be run without the
insulating protection specified in (b) above
when installed on poles used only for supply
lines and employing side-arm construction,
if the line conductors are carried only on the
side of the pole opposite to the vertical con-
ductors, and if climbing space is provided on
the line conductor side of the pole.

Vertical and lateral conductors of less than
7,500 volts when on poles used only for sup-
ply lines may be run on the street side of the
pole in multiple-conductor cable having
suitable substantial insulating covering, if
such cable is held taut on standard insulators
supported on pins and brackets 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.

E. Requirements for Vertical and Lateral Communica-
tion Conductors on Communication Line Poles or
Within the Communication Space on Joint Poles.

1. CLEARANCES FROM WIRES.
The clearances and separations of vertical and
lateral conductors from other conductors (except
those in the same ring run) and from guy, span,
or messenger wires shall be 3 inches.
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SurPORT—Continued.

E. Requirements for Vertical and Lateral Communica-

tion Conductors on Communication Line Poles or
Within the Communication Space on Joint Poles—
Continued.

2. CLEARANCES FROM POLE AND CROSS ARM SURFACES.

Vertical and lateral communication conductors
may be attached directly to the pole or cross arm
by means of rings, knobs, or brackets provided
that they are rubber-insulated {)aired conductors
and that in the case of joint poles, the clearances
from open supply lines required by Table 11 (rule
238, A, 1) are observed.

Requirements for Vertical Supply Conductors Pass-
ing Through Communication Space on Jointly Used
Poles.

Vertical supply conductors, including grounding

wires, which pass through communication line space

on joint poles shall be installed as follows:

1. METAL-SHEATHED SUPPLY CABLES.
Metal-sheathed supply cables shall be covered as
follows:

(¢) Exrent oF COVERING. Covering shall
extend from the lowest points of such cables
up to the following distances above the high-
est communication conductors.

Kind of supply cable Supply voltage Distance
0 to 7,500 Imﬁ‘é
07,500__._.__ e
Metal-sheathed._ .. ___-. {Ovar 806777 4
Permanently grounded | All voltages._._._ 40
continuous-metal-
sheathed.

a This distance may be reduced to 24 inches for supply cables less than
300 volts to ground where a vertical joint-use separation of 2 feet exists or is
permissible. (See footnote » to Table 11 for conditions under which this
separation is permitted.)
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SurPPORT—Continued.

F. Requirements for Vertical Supply Conductors Pass-
ing Through Communication Space on Jointly Used
Poles—Continued.

1. METAL-SHEATHED SUPPLY CABLES—continued.

®)

Nature or CoveriNg. The covering shall

consist of wood molding or other suitable

insulating material at points higher than 8

feet above the ground.

Exception 1.—Iron pipe may be used with-
out 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 through-
out if covered with wood molding or other
suitable insulating covering from a point
6 feet below the lowest communication
wire or railway feeder or attachment to a
point 40 inches or 60 inches above the
highest communication wire, depending on
the supply voltage.

2. SUPPLY CONDUCTORS.

Supply conductors shall be installed in one of the
following ways.

(@)

®)

In Conpuir. Conductors of all voltages
may be inclosed in the same way and to the
same extent as required in 1 above for metal-
sheathed cables.

O~ Pins anp InsuraTors. Vertical and
lateral conductors of street-lighting circuits
and service leads of less than 750 volts may
be run on the street side of the pole in mul-
tiple-conductor cable having suitable sub-
stantial insulating covering if such cable is
held taut on standard insulators supported
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SurPPORT—Continued.

F. Requirements for Vertical Supply Conductors Pass-
ing Through Communication Space on Jointly Used
Poles—Continued.

2. SUPPLY CONDUCTORS—continued.
on pins or brackets and arranged so that the
cable shall be held at a distance of approxi-
mately 5 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 insulating cover-
ing to the extent required for metal-sheathed
cables in 1 above, the “voltage’’ of the grounding
wire being taken as the voltage of the supply
circuit with which it is associated.

4. SEPARATION FROM THROUGH BOLTS.
Vertical runs of supply conductors shall be sep-
arated from the ends of through bolts associated
with communication line equipment by one-
eighth of the circumference of the pole where
practicable, but in no case less than 2 inches.
G. Requirements for Vertical Communication Conduc-
g)rls Passing Through Supply Space on Jointly Used
oles.
All vertical runs of communication conductors pass-
ing through supply space shall be installed as follows:

1. METAL-SHEATHED COMMUNICATION CABLES.
Metal-sheathed communication cables shall be
covered with wood molding or other suitable
insulating covering from a point not more than
8 feet above the ground to the following points
above the highest supply conductor.
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239. CLEARANCES OF VERTICAL AND LATERAL CONDUCTORS
FROM OTHER WIRES AND SURFACES ON THE SAME
SurPORT—Continued.

G. Requirements for Vertical Communication Conduc-
tors Passing Through Supply Space on Jointly Used
Poles—Continued.

1. METAL-SHEATHED COMMUNICATION CABLES—cON-

2.

3.

4

.

tinued.
Nature of supply circuit Voltage ocfusﬁlpply eir | Distance
Inches
Permanently grounded | All voltages...__ 40

continuous-metal-
sheathed cable.
Open wire and other cable_| 0 to 7,500______ a 40

Open wire and other cable.| Exceeding 7,500. 60

s This distance may be reduced to 24 inches for supply voltages less than
300 volts to ground where a vertical joint-use separation of 2 feet exists or is
permissible. (See footnote ® to Table 11 for conditions under which this
separation is permitted.)

COMMUNICATION CONDUCTORS.

Vertical and lateral runs of rubber-insulated
paired conductors shall be covered with wood
molding or other suitable insulating covering
when within 48 or 72 inches from supply con-
ductors of 7,500 volts or less, or more than 7,500
volts, respectively.

COMMUNICATION GROUNDING WIRES.

Grounding wires of communication lines shall be
covered with wood molding or other suitable
insulating covering to the extent required for
metal-sheathed cables in 1 above.

SEPARATION FROM THROUGH BOLTS.

Vertical runs of communication conductors shall
be separated from the ends of through bolts
associated with supply-line equipment by one-
eighth of the circumference of the pole where
practicable, but in no case less than 2 inches.
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SEC. 24. GRADES OF CONSTRUCTION

240. GENERAL.

For the purposes of section 26, ‘Strength require-
ments,” and section 27, ‘“Line insulators,’’ conductors
and their supporting structures are classified under the
grades specified in this section on the basis of the rela-
tive hazard existing.

241. APPLICATION OF GRADES OF CONSTRUCTION TO DIF-
FERENT SITUATIONS.

A. Supply Cables.
For the purposes of these rules supply cables are
divided into two classes as follows:
1. SPECIALLY INSTALLED CABLES.
In this class are included metal-sheathed supply
cables installed in accordance with rule 261, G, 1.

Note.—Such cables are sometimes permitted to
have a lower grade of construction than open-
wire supply conductors of the same voltage.

2. OTHER CABLES.
In this class are included all other supply cables.

Note.—Such cables are required to have the same
grade of construction as open-wire supply con-
ductors 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 construc-
tion used shall be the highest one required by any
of the conditions.
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241. APPLICATION OF GRADES OF CONSTRUCTION TO DIF-
FERENT SITUATIONS—Continued.

C. Order of Grades.

For supply and communication conductors and sup-

porting 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 com-
pared with the series A, B, and C, but rule 241,

D, 3, (c) provides for cases where these two con-
ditions are present.

D. At Crossings.
1. GRADE OF UPPER LINE.

Conductors and supporting structures of a line
crossing over another line shall have the grade
of construction specified in rules 241, D, 3; 242,
and 243.

2. GRADE OF LOWER LINE.
Conductors and supporting structures 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 not there.
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241. APPLICATION OF GRADES OF CONSTRUCTION TO DIF-
FERENT SITUATIONS—Continued.

D. At Crossings—Continued.
3. MULTIPLE CROSSINGS.
(@) WHERE A LiNE Crosses IN ONE Sean OvER

®)

Two OtrEr Lines. The grade of construc-

tion of the uppermost line shall be not less

than the highest grade which would be re-
quired of either one of the lower lines if it
crossed the other lower line.

Example.—If a 2,300-volt line crosses in the
same span over a communication line and
a direct-current trolley contact conduc-
tor of more than 750 volts, the 2,300-volt
line is required to comply with grade A
construction at the crossing.

This is a double crossing and introduces
a greater hazard than where the upper sup-
ply line crosses the communication line
only.

Wuaere ONE LiNE CrossEs OVER A SpaN

IN AnotueER LiNE, WHIcH SpAN 18 1IN TURN

InvoLvep IN A Seconp 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 circuit protection
that the danger of causing a break in the

lower of these two lines by mechanical or
electrical contact is eliminated.
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241. APPLICATION OF GRADES OF CONSTRUCTION TO DiF-

FERENT SITUATIONS—Continued.
D. At Crossings—Continued.
3. MULTIPLE CROSSINGS—continued.

(¢) Wuere CommunicaTioN ConpucTors CROSS
Over SuppLY CoONDUCTORS AND RAILROAD
Tracks IN THE SAME SpaN. The grades
of construction shall be in accordance with

Table 13.
Table 13
' Communication con-
ductor grades
When crossing over—
Major Minor
lines lines
Main tracks and supply line of 0 to 750
volbs . D D
Main tracks and supply line exceeding
750 volts . _________ ... A A
Minor tracks and supply line of 0 to 750
volts_ __ . E E
Minor tracks and supply line of 750 to
7,500 volts__ . _______ B B
Minor tracks and supply line exceeding
7,500 volts.____ . __ A B

Recommendation.—It is recommended that
the placing of communication conductors
above supply conductors at crossings,
conflicts, or on jointly used poles be
avoided unless the supply conductors are
trolley contact conductors and their asso-

ciated feeders.
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241. APPLICATION OF GRADES OF CONSTRUCTION TO DIF-
FERENT SITUATIONS—Continued.

E. Conflicts.

1.

2.

3.

HOW DETERMINED.

Where two lines are adjacent (except at crossing
spans) the distance between them and the relative
heights above ground of poles and of con-
ductors on each line determine whether conflict
exists, and, if so, whether the conflict is a struc-
ture conflict (see Definition) or a conductor con-
flict (see Definition), or both.

CONDUCTOR CONFLICT.

At conductor conflicts the grade of construction
of the conflicting conductor shall be as required
by rules 241, D, 3, and 242.

STRUCTURE CONFLICT.

At structure conflicts, the grade of construction

of the conflicting structure shall be as required
by rule 243.

242. GRADES OF CONSTRUCTION FOR CONDUCTORS.

The grades of construction required for conductors of

all classes in different situations are given in Tables 14

and 15. For the purpose of these tables certain

classes of circuits are treated as follows:

A. Status of Constant-Current Circuits.
In determining grades of construction where con-
stant-current circuits are involved with communi-
cation circuits and are not in specially installed
cable, the constant-current circuits shall be con-
sidered on the basis of their current rating. In all
other cases constant-current circuits shall be con-
sidered on the basis of their nominal full-load
voltage.

25804°—21—7
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242. GRADES OF CONSTRUCTION For CoNDUCTORS—Contd.

B.

Status of Railway Feeders and Trolley Contact
Conductors.
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 exceed-
ing 750 volts to ground shall have grade A con-
struction where crossing over, conflicting with,
or on joint poles with and above major communi-
cation circuits, and grade B where similarly
situated with respect to minor communication
circuits.

Status of Communication Circuits Used Exclusively
in the Operation of Supply Lines.
In determining grades of construction where com-
munication circuits used exclusively in the opera-
tion of supply lines are concerned, they shall be
considered as ordinary communication circuits when
run as such (see rule 288, C) and as supply cir-
cuits when run as such. (See rule 288, D.)
Exception.—Communication circuits located below
supply circuits with which they are used shall
not require such supply circuits to meet any rules
for grade of construction other than that the
sizes of such supply conductors shall not be less
than required for grade C (see rule 261, F, 2).
Status of Fire-Alarm Conductors.
In determining grades of construction where fire-
alarm conductors are concerned, they shall be con-
sidered as other communication circuits.
Exception.—Fire-alarm conductors shall always meet
grade D where the span length is from 0 to 150
iie5e0t.,faltd grade C where the span length exceeds
eet.



Table 14.—Grades of Construction for Supply Conductors alone, at Crossings, at Conflicts, or on Same Poles with other Conductors

Supply conductors Constant-potential supply conductors Communication
& %L%’éﬁ other than b.c. ralfvay feeders Constangacu{rent supply Diggct-cgrrsnt conguctoxl's
0 to 750 {750 to 5000 000 tg 7500 Exceedi conductars railway feeders j used exclus
voltlsb & voltgc 5voltsa 7 7500 voltae gs:g iég 3’:‘“
Con- p
~ Exceed- | @and run as,
ducters, Urbenjpurall urven  [fural| Uroan | Rural | Urban | Rursl (%19 T2 173 tod0|Brcerd 10,50, T90NERG0ED | cupply1inés
Sayoat® s % S s S 5 s N I 8 o v
o ) | — = —~ — —
lowetylevels Suzlsegl g1 21835 |1 3|5 3] € 'é § '§ E E $ |3 E‘i 3 g 3 § 3 E 3
8°slg sl gl 83|8°3|8]8]8[8]1 8188 Slo|dlojolo |&6]6(8]5]8 S S
Lines on fenced f f Iyl f
rights of way u N N| ¥ N ¥ N| ¥ N LR Ll B,C,or ‘N. See rule 242,A |B, C, or N. Sece C or N. See
Lines not on fenced rule 242,8 rule 242,C
rights of way N N C| X N c N| N N Bl C| N N
Railroad Main A A Al A A A Al A A Al Al a A A Al A A | A Al A Al A A A A
tracks :
¥inor| B | B | B{B| B |B| B{B| B| B|{B|B|Bf{B| B|B|B|B|BfB|B|[B]| Bf B | B
-rai t rack
1?3?3% T lvatheas N | x| w| w | w [w | w|lw| w| vl w|w|w|N| Nf N[ NN N[N N[N]|N| N N
contact conductor
0 11:2 |J50 | open ¥O| N c| 8| N |c| w|w]| N; BlcCcl|8 |¥
volts
e Cable N N C| N N [ N| N N B| C |8 N
~O
EE[150 to | Open he | ¥ clc| N [c]c|N}| x| Blc|N|N
000 v.¢ B, C, or X B, C, or X B, C, or N
5815 cable| & |8 | c|w|f v c|w|[w]|uw|B|lc|N|n ¢ o
28 See rule 242,A See rule 242,B | See rule 242,C
Lo sgggoto Open | B¢ | ¥ clc] N |c)jcliN]| N| BlC|N|N
LB
Gg| voltsd Joavle | v [N [ c| W[ W Jc | w|N]|H]Blc|N]|N
o w
° ’i:ﬁgengo open | BB |hg Bl 8| N |B| Bl N]| N| Blc|[n]|nN
Volts® loapte | B | w | o v | 8w |c| w| N ]| n| Blc|N N
Constant-current B, C,or N. See rule B,C,or N. See |B,C,or N. See
g\sgg%yogogggfgots B, C, or N. See rule 242,A A rales 242,A.B rules 242,4,0
Direct-current rail- B,C,or N. See rules B,C,or N. See |B,C,or N. See
'azlfeeders open or B, C, or N See rule 242,B 242,A and B rule 242,B rules 242,B,C
cable N
Trolley contact con- .
ductors A.C. or D.C. B, G, or N. See rule 242,B B.Cy 3% Nana pe TUIeS IR Sl A PR i
Communication con- N. See|B,C, or N. See
ductors,open_or ca- A,B,C, or N. See rule 242,C A,B,C, or N. See rules 4,3,C, or N. SeefB, :
ble used Bxclysive 4 242k and ¢ rales’242,B,C. | rule 242.C
in't oqetatlon [
K C or C 1]
Comunication |Majori] ¥ |8 [ clc | c {B e |c| alelafe]c | [5°a%Yn]v|alc|se r ¥
i T e Tt st e
- ef »
rag open or ¥inor N N c| C C C cl|¢C C Bl C|B [ c 2424 [ 2424 B r‘izi N N|B]|C
cable
o The words ‘“‘open” and ““cable” appearing in the column headings £ Where lines are located so that they can fall outside the fenced right
have the following meanings as applied to supply conductors: “Cable’” of way into urban districts the construction shall comply with the grades
means the specially installed cebles described in rule 241, A,1. ‘“Open” specified for lines not on fenced rights of way for corresponding voltage.
means open wire and also supply cables not “‘specially installed.’”’ ¢ Grade N if crossing over or conflicting with supply services.
b Voltages to neutral or ground of 0 to 440 volts. A If the wires are service drops, they may have grade N sizes and sags
¢ Voltages to neutral or ground of 440 to 2,900 volts. as set forth in Tables 32 and 33 (rule 263, E).
d Voltages to neutral or ground of 2,900 to 4,400 volts. ¢ Where the communication conductors consist of individual paired
¢ Voltages to neutral or ground exceeding 4,400 volts, conductors only, supply conductors in the upper position need only be

grade N due to this condition.
25804°—27, (Facep.74)
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242. GRADES OF CONSTRUCTION For CoNDUCTORS—Contd.

Table 15.—Grades of Construction for Communication Conductors
Alone, or in Upper Position at Crossings, at Conflicts, or on Joint Poles

' Compunication conductors,
Conmunication conductors o rural or urban, open or cable,
Conduc- at higher level includi
tors, tracks compunication conductors run as
and rights of ch, but used exclnaivelx in
way at lower levels the operation of supply lines
Major Minor
Lines on fenced rights of way N N
Lines not on fenced rights of way N N
Railroad track tain D d
ailroad tracks
¥inor E E
Street-railway tracks havi
no overhead cgntact wire e N N
9 0 to 750 volts® |Open or cable N N
- -
g9 750 to 5000 v.d|Open or cable c c
L ~
o o en B 8c
o220 5000 to 7500 v.© o -
va3 Cable C c
LEE
Emg Exceeding " Open A B
S 7500 volts: Cable ¢ c
- 1 0 to 7.5 amp. oOpeni c [4
£823%  [755 to 10 anp. |opent B )
(Efage (105 to 10 smp. :
3453983 Exceeding 1C amp]Cpen? A B
Direct-cur- |0 to 750 volts |]Open or cable N N
rent raélva
feeders Exceeding 750 v.|Open or cable A B
Trolley 0 to 750 volts [4.C. or D.C. bp bp
contac
conductorsP [Exceeding AC A,B, or C Mﬁ_m_p__
750 volts D.C. .}
Comgunictl;u?n (l:oncih':c%grsb gg:rgig; ggble B, C, or N
used exclusive e
Supply lines v P See rule 242,C
Communication_conductors, open or cable,
urban or rural, major or minor ¥ N

o It is recommended that the placing of communication conductors above supply con-
ductors at crossings, conflicts, or jointly used poles be avoided, unless the supply conductors
are trolley contact conductors and their associated feeders.

¢ The words “open” and *“cable” appearing in the headings have the following meaning
as applied to supply conductors: ‘‘Cable” means the specially installed cables described in
rule 241, A, 1. ‘‘Open” means open wire and also supply cables not specially installed.

< Voltages to neutral or ground of 0 to 440 volts.

d Voltages to neutral or ground of 440 to 2,900 volts.

¢ Voltages to neutral or ground of 2,900 to 4,400 volts,

1 Voltages to neutral or ground exceeding 4,400 volts.

¢ For spans 150 feet or less in length, grade C supply-conductor sizes and sags shall apply
instead of grade D as permitted by rule 261, H.

& Applies only to line-conductor sizes and sags in spans 0 to 150 feet long with following
exceptions: Copper or steel, spans 0-100 feet, use No. 12 wire; steel, spans 125 to 150 feet, use
No. 9 wire. For spans exceeding 150 feet, grade C supply-conductor sizes and sags shall be
met. For paired conductors, grade C paired-conductor requirements shall be met.

¢ Where constant-current circuits are in specially installed cable, they are considered on
the basis of the nominal full-load voltage.
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243. GRADES OF SUPPORTING STRUCTURES.
A. Poles or Towers.

The grade of construction shall be that required
for the highest grade of conductors supported.

Exception 1.—The grade of construction of joint
poles, or poles used only by communication lines,
need not be increased merely because of the fact
that communication wires carried on such poles
crciss over trolley contact conductors of 0 to 750
volts.

Exception 2.—Poles carrying grade C or D fire-alarm
conductors, where alone, or where concerned only
with other communication conductors, need meet
only the requirements of grade N.

Exception 3.—Poles carrying supply service loops
of 0 to 750 volts shall have at least the grade of
construction required for supply line conductors
of the same voltage.

Exception 4.—Where communication lines cross over
supply conductors and a railroad in the same span
and grade A or B is required by rule 241, D, 3, (¢)
for the communication conductors, due to the
presence of railroad tracks, the grade of the poles
or towers shall be D or E.

Exception 5.—At structure conflicts even though no
conductor conflict exists, the grade of construction
which would be required by rule 242, if the con-
ductors were in conflict, shall be applied to the
pole or tower.

Note.—This require{nent may result in a higher
grade of construction for the pole or tower than
for the conductors carried thereon.

Exception 6.—In the case where a structure conflict
does not exist, but any conductor is in conductor
conflict, the grade of constructure of the pole or
tower is not required to meet the conductor grade
due to the conductor conflict,
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243. GRADES OF SUPPORTING STRUCTURES—Continued.

B.

Cross Arms.

The grade of construction shall be that required for
the highest grade of conductors carried by the cross
arm concerned.

Exception 1.—The grade of construction of cross
arms 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.

Exception 2.—Cross arms carrying grade C or D
fire-alarm conductors, where alone or where con-
cerned with other communication conductors need
meet only the requirements for grade N.

Exception 3.—Cross arms carrying supply service
loops of 0 to 750 volts shall have at least the grade
of construction required for supply line conductors
of the same voltage.

Exception 4.—Where communication lines cross over
supply conductors and a railroad in the same span
and grades A or B is required by rule 241, D, 3, (¢)
for the communication conductors due to the pres-
ence of railroad tracks, the grade of the cross arm
shall be D or E.

Pins, Insulators, and Conductor Fastenings.

The grade of construction shall be that required for
the conductor concerned.

Exception 1.—The grade of construction of pins,
insulators, and conductor fastenings carrying only
communication conductors need not be increased
merely because of the fact that such conductors
crciss over trolley contact conductors of 0 to 750
volts.

Exception 2.—In case of grade C or D fire-alarm
conductors where alone or where concerned only
with other communication conductors, pins, insu-
lators, and conductor fastenings need meet only
the requirements for grade N.
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243. GRADES OF SUPPORTING STRUCTURES—Continued.
C. Pins, Insulators, and Conductor Fastenings—Con.

Exception 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 supply line conductors
of the same voltage.

Exception 4. —Where communication lines cross over
supply conductors and a railroad in the same span,
and grade A or B is required by rule 241, D, 3, (¢)
for the communication conductors due to the
presence of railroad tracks, the grade of pins,
insilglators, and conductor fastenings shall be D
or E.

Exception 5§ —In case communication conductors are
required to meet grade A, B, or C, the insulators
need meet only the requirements for mechanical
strength for these grades.

SEC. 25. LOADING FOR GRADES A, B, C, D, AND E

250. LoADING MAP.

Three degrees of severity are recognized for the loading,
due to weather conditions, and are designated, respec-
tively, as heavy, medium, and light loading. The dis-
tricts in which these loadings apply are determined by
weather reports as to wind and ice and by local experi-
ence of utilities using overhead lines. It is expected
that detailed districting will be carried out by State
authorities, but a general districting for the entire
United States is given in the map (fig. 1).
Note.—The localities in the different groups are classed
according to the relative prevalence of high wind
velocity and thickness of ice which accumulates on

wires, light loading being, in general, for places where
little, if any, ice ever accumulates on wires.



F16. 1.—District loading map, showing territorial division of the United States with respect to
loading of overhead lines

dVIN DNIACVOT—0S% TINd

6.
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SEC. 25—LOADING

250. LoADING MAP—Continued.

251.

Where high wind velocities are frequent in a given
place the loading for that place may be classed as
heavy even though ice does not accumulate to any
greater extent than at some other place having less
severe winds which has been classed as a medium
loading district.

AsSSUMED WEATHER CONDITIONS.

The following weather conditions are assumed to act
simultaneously in different loading districts:

Horizontal wind
Thickness of ice p;gségcrleaggalg? T°§l1r’gm'
cylindrical sur-
face
Inches Lbs. per sq. ft. °F.

Heavy loading districts (H)_. w 0. 50 8 0
Medium loading districts (M)_ .25 8 +15
Light loading districts (L)- - . None. 12 +30

252.

253.

MODIFICATION OF LOADING.

In the absence of any action by the administrative
authority fixing the loadings for any given territory, the
classification of loadings shown on the map (fig. 1), shall
apply unless the party or parties responsible for the line
concerned secure approval from the administrative au-
thority for modification, based upon local experience,
or weather records, or both.

CoNDUCTOR LOADING.
The loading on conductors shall be assumed as in A,
B, or C below, according to the climatic conditions of
the locality concerned.

Where cables are concerned, the specified loadings
shall be applied to both cable and messenger.
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253. CONDUCTOR LoOADING—Continued.

In applying loadings to bare stranded conductors,

the coating of ice shall be considered as a hollow cylinder
touching the outer strands.

A.

Ice is assumed to weigh 57 pounds per cubic foot.
Heavy Loading (H).

The resultant loading, due to the weight of the con-
ductor 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 con-
ductor, shall be called heavy loading. The mini-
mum temperature shall be assumed as 0°F.

. Medium Loading (M).

The resultant loading due to the weight of the con-
ductor plus the added weight of a layer of ice 0.25
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 con-
ductor, shall be called medium loading. The mini-
mum temperature shall be assumed as +15° F.
Light Loading (L).

The resultant loading due to the weight of the con-
ductor without ice combined with a transverse
horizontal wind load of 12 pounds per square foot
on the projected area of the conductor, shall be
called light loading. The minimum temperature
shall be assumed as +30°F.
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SEC. 25—LOADING

254. LoADS UPON LINE SUPPORTS.

A.

Assumed Vertical Loading.

The vertical loads upon poles, towers, foundations,
cross arms, pins, insulators, and conductor fasten-
ings shall be their own weight plus the superimposed
weight which they support, including all wires and
cables, ice-coated in heavy and medium loading
districts, together with the effect of any difference
in elevation of supports. The radial thickness of
ice shall be computed only upon wires, cables, and
messengers, and shall be taken as the following:
Heavy loading districts (H), 0.50 inch of ice.
Medium loading distriets (M), 0.25 inch of ice.
Light loading districts (L), no ice.

Ice is assumed to weigh 57 pounds per cubic foot.

Note.—The weight of ice upon supports is ignored
for the sake of simplicity. (See Appendix E,
Table 81, for vertical loads of conductors.)

Assumed Transverse Loading.

In computing the stresses in poles, towers, and side
guys the loading shall be taken as one of the follow-
ing according to climatic conditions of the locality
concerned.

1. HEAVY LOADING (H).

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 surfaces of the poles and towers
without ice covering, shall be called heavyloading.
(See 4 and 5 following.)
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254. LoAps UPON LINE SupPoRTS—Continued.
B. Assumed Transverse Loading—Continued.

1.

3.

HEAVY LOADING (H)—continued.

For supporting structures carrying more than
10 wires, not including cables supported by mes-
sengers, where the pin 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.

. MEDIUM LOADING (M).

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 0.25 inch in radial
thickness and on the surfaces of the poles and
towers without ice covering, shall be called
medium loading. (See 4 and 5 following.)

For supporting structures carrying more than
10 wires not including cables supported by mes-
sengers, where the pin 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.

LIGHT LOADING (L).

‘A horizontal wind pressure at right angles to the

direction of the line of 12 pounds per square foot
upon the projected area of cylindrical surfaces
of all supported conductors and messengers,
poles and towers without ice covering, shall be
called light loading. (See 4 and 5 following.)
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254. Loaps UPON LINE SupPORTS—Continued.
B. Assumed Transverse Loading—Continued.

4.

6.

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.

. FLAT SURFACES.

For flat surfaces the assumed unit wind pressure
shall be increased by 60 per cent. Where lat-
ticed structures are concerned the actual exposed
area of one lateral face shall be increased by 50
per cent to allow for the pressure on the opposite
face; this total, however, need not exceed the
pressure which would occur 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.

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 tensions, as determined
by the loadings of rule 253.

C. Assumed Longitudinal Loading.

1.

CHANGE IN GRADE OF CONSTRUCTION.

The longitudinal loading upon supporting struc-
tures, including poles, towers, cross arms, pins,
and conductor fastenings, at ends of sections
required to be of grade A or B construction when
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254. Loaps UPON LINE SurporTsS—Continued.
C. Assumed Longitudinal Loading—Continued.

1.

2,

CHANGE IN GRADE OF CONSTRUCTION—continued.

located in lines of a lower grade of construction,

shall be taken as an unbalanced pull in the

direction of the higher-grade section equal to the
total pull in one direction of all conductors and
cables supported thereon, the conductor loading

to be that given in rule 253.

Exception.—For such higher-grade sections hav-
ing no span exceeding 500 feet in length where
the total pull in the direction of the higher-
grade section exceeds 30,000 pounds, the
assumed loading is modified to 30,000 pounds,
plus one-fourth the excess above 30,000 pounds,
with & maximum of 50,000 pounds.

SAME GRADE OF CONSTRUCTION THROUGHOUT.

Where lines are built throughout their length, or
between dead-ended points, of grade A or B con-
struction, respectively, although not so required,
the longitudinal loading upon supporting struc-
tures (including poles, towers, cross arms, pins,
and conductor fastenings) at crossings, at ends
of sections of joint use, and at ends of conflicts
required to be of grade A or B construction,
respectively, shall be taken as an unbalanced
pull in the direction of the crossing, conflict, or
joint-use section equal to the pull of one-third
of the total number of conductors carried (not
including overhead ground wires), such one-third
of the conductors being selected so as to produce
the maximum stress in the supports. If the
application of the above results in a fractional

part of a conductor, the nearest whole number
shall be used
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254. LoAps UPON LINE SupPoRTS—Continued.
C. Assumed Longitudinal Loading—Continued.

3.

4

5.

JOINTLY USED POLES AT CROSSINGS OVER RAIL-
ROADS OR COMMUNICATION LINES.

Where a joint line crosses over a railroad or a
communication line and grade A or B is required
for the crossing span, the tension in the com-
munication conductors of the joint line may be
considered as limited to one-half their breaking
strength, provided they are smaller than No. 8
Stl. W. G., if of steel, or No. 6 A. W. G., if of
copper, regardless of how small the initial sags
of the communication conductors at 60° F.

DEAD ENDS.

The longitudinal loading upon supporting struc-
tures shall be taken as an unbalanced pull equal
to the tensions of all conductors and messengers
under the conditions of loading specified in rule
253.

COMMUNICATION CONDUCTORS ON UNGUYED SUP-
PORTS AT RAILROAD CROSSINGS.

The longitudinal load shall be assumed equal to
an unbalanced pull in the direction of the cross-
ing, of all conductors supported, the pull of each
conductor being taken as one-half its ultimate
strength.
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254. Loaps UupPON LINE SuppPORTS—Continued.
D. Average Span Lengths.

1.

2.

GENERAL.

The calculated transverse loads, upon poles,
towers, and cross arms, except as provided in 2
below, shall be based upon the average span
length of a section of line that is reasonably uni-
form 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.

CROSSINGS.

In the case of crossings over railroads or com-
munication lines (other than minor communica-
tion lines) the actual lengths of the two spans
adjacent to the two structures concerned shall
be used.

E. Simultaneous Application of Loads.

1.

When calculating transverse strength, the as-
sumed transverse and vertical loads shall be
taken as acting simultaneously.

In calculating longitudinal strength, the assumed
longitudinal loads shall be taken without con-
sideration of the vertical or transverse loads.
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SEC. 26. STRENGTH REQUIREMENTS

260. PRELIMINARY ASSUMPTIONS.
In calculation of stresses no allowance shall be made for
deformaton, deflection, or displacement of any part of the
supporting structure, including suspension insulators.
261. 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.

2

A pole (single-base structure) not individually
meeting the transverse strength requirements will
be permitted when reinforced by a stronger pole
on each side, if the average strength of the three
poles meets the transverse strength requirements,
and the weak pole has not less than 75 per cent
of the required strength.

An extra pole inserted in a normal span for
the purpose 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 cross-
ings over railroads or communication lines
(other than minor communication lines), the
actual strengths of the crossing poles shall be
used.

REINFORCED-CONCRETE POLES.

Reinforced-concrete poles shall be of such mate-

rial and dimensions as to withstand for transverse

strength the loads assumed in rules 254, A and B

and for longitudinal strength the loads in rule 254,

C without exceeding the following percentages

of their ultimate strength. (Where guys are

used, see rule 261, C.)
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261. GRADES A, B, AND C CoNsSTRUCTION—Continued.
A. Poles and Towers—Continued.

Percentage of ultimate strength for
erent grades

Grade A | Grade B | Grade C

For transverse strength

(wheninstalled) .. __ _____ 3314 50 75
For longitudinal strength
(at all times) in general___| 100 100 |-

At dead-ends__________ 3315 50 75

3. STEEL SUPPORTING STRUCTURES.
Steel supports, steel towers, and metal poles
shall be designed and constructed so as to meet
the following requirements:

(@)

®

(©

25804°—27——8

TrANSVERSE STRENGTH.—Under the trans-
verse and vertical loads assumed in rule 254,
A and B the calculated stresses in steel mem-
bers shall not exceed the allowable stresses
for transverse strength given in (d) below.
LoNGITUDINAL STRENGTH.

Grades A and B. Under the longitudinal
loads assumed in rule 254, C the calculated
steel members shall not exceed the allowable
stresses for longitudinal strength given in
(d) below.

Grade C. No longitudinal-strength require-
ments except at dead-ends.

Minivmom StrRENGTH. Steel towers shall
have strength sufficient to withstand a trans-
verse load on the towers without conductors
due to three times the specified transverse
wind pressure, without exceeding the allow-
able stresses for longitudinal strength in
Table 16.
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STRENGTH REQUIREMENTS

261. GRADES A, B, AND C CoNsTRUCTION—Continued.
A. Poles and Towers—Continued.
3. STEEL SUPPORTING STRUCTURES—continued.

(@) ArLowaBLE UNIT STRESSES; STEEL.

The

values in Table 16 for structural steel are
for material having an ultimate tensile stress
between 55,000 and 65,000 pounds per square
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 specifica-
tion and inspection conditions, an allowance
above the tabular stresses in proportion to
the respective yield points will be permitted.

As the unit stresses in Table 16 are the

maximum allowable,

sufficient allowance

should be made in the design to insure that
in the completed structure the specified unit
stresses will not be exceeded.

Table 16.—Allowable Unit Stresses in Steel for Transverse and
Longitudinal Strengths
Allowable stresses for transverse Allowable stresses for
strengt longitudinel strength
Grades A | Grades A
Grade A | Grade B | Grade C and B |and B except
crossings | at crossings
Lbs. per Lbs. Lbs. per Lbs. per Lbs. per
Structural steel: 8q. iﬁ 8q. in. 8q. iez 38q. in. 8¢. in.
e 50000 | 26000 | 30000 | s00000 | 33,000
Compression........_... {—so'L/R —90 L/R | —100L/R | —100L/R | —100L/R
Bolts:
Shear...__________.____. 20, 000 24, 000 35,000 35, 000 40, 000
Bearing._._...___.__.__. 40, 000 48, 000 70, 000 70, 000 8¢, 000
Rivets:
Shear_ .. ... 18, 000 22, 000 30, 000 30, 000 33, 000
Bearing._ ... ......_. 36,000 44, 000 ! 60, 000 66, 000
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
A. Poles and Towers—Continued.
3. STEEL SUPPORTING STRUCTURES—continued.

(¢) TuickNEss oF STeEeL. Steel poles or towers
shall have no less thickness of metal in mem-
bers than the following:

Table 17.—Thickness of Steel
Thickness
of main | Thickness
Kind of member members of| of other
cross arms | members
and legs
Galvanized: Inches Inches
For localities where experience has shown deterioration of gal-
vanized material israpid . ... ... ___________________. % T
For other localities. . - ... .. . ... % %
Painted. . iiiiicees b2 (371

o Painted bracing members having L/R not exceeding 125 may be § inch in thickness.

() UnsupporTED LENGTH OF COMPRESSION
MeumBERs. The ratio of L, the unsupported
length of a compression member, to R, the
least radius of gyration of the member, shall
not exceed the following: (These figures do
not apply to the complete structure.)

Table 18.—L/R for Compression Members

Kind of compression member L/R
Leg members_ _ _ _ ________ o 150
Other members having figured stresses_ .. ________ 200
Secondary members without figured stresses______ 250
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261. GRADES A, B, aND C CoNSTRUCTION—Continued.
A. Poles and Towers—Continued.
3., STEEL SUPPORTING STRUCTURES—continued.
(9) SeLices ror Main Lee¢ MemBERs. In

splices for main leg members where under
the application of the values in Table 186,
rule 261, A, 3, (d) four or more bolts or rivets
are called for, the number of bolts or rivets
shall be increased by 10 per cent with a
minimum of one additional bolt or rivet.

(h) AppiTioNnaAL REQUIREMENT FOR ANCHOR

@)

Towers. When steel supports or towers are
used which are not capable of withstanding
approximately as great a force longitudinally
as transversely, anchor towers shall be placed
at intervals not greater than 10 spans. These
anchor towers shall be able to withstand the
combined longitudinal tension of all con-
ductors under the loads specified in rule 253
up to 10,000 pounds plus one-half the excess
above 10,000 pounds, without exceeding
their ultimate strength.

GeNERAL CoNsTRUCTION FEATURES. Steel
poles or towers, including parts of footings
above ground, shall be constructed so that
all parts are accessible for inspection, clean-
ing, and painting, and so that pockets are

-not formed in which water can collect.

Recommendation.—Unless sample structures,
or similar ones, have been tested to assure
the compliance of structures in any line
with these requirements, it is recommended
that structures be designed to have a
computed strength at least 10 per cent
greater than that required by these rules,
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
A. Poles and Towers—Continued.
3. STEEL SUPPORTING STRUCTURES—continued.

@)

ProTECTIVE COVERING OR TREATMENT. All
iron or steel poles, towers, or supporting
structures shall be protected by galvanizing,
painting, or other treatment which will
effectively retard corrosion.

4. WOOD POLES.
Wood poles shall be of such material and dimen-
sions as to meet the following requirements.
Where guys are used, see rule 261, C.
(@) TRANSVERSE STRENGTH. Wood poles shall

®

withstand the transverse and vertical loads
assumed in rule 254, A and B without exceed-
ing at the ground line for unguyed poles, or
at the point of guy attachment for guyed
poles, the appropriate allowable fiber stresses
given in Table 20.

LONGITUDINAL STRENGTH.

Grades A and B. The longitudinal strength
of wood poles shall be maintained at all
times so that they will withstand the longi-
tudinal loading specified in rule 254, C with-
out exceeding at the ground line for unguyed
poles, or at the point of guy attachment for
guyed poles, the appropriate ultimate fiber
stress given in Table 19.

Grade C. No longitudinal-strength require-
ments except at dead-ends.



94

SEC. 26—STRENGTH REQUIREMENTS

261. GRADES A, B, AND C CoNSTRUCTION—Continued.

A. Poles and Towers—Continued.
4. WOOD POLES—continued.

(¢) UvriMate FiBer Stress. Different kinds

of wood poles are considered as having the
ultimate fiber stresses given in Table 19.
These ultimate fiber stresses are given so as to
identify different kinds of pole timbers with
the ultimate fiber stress appearing at the
heads of the columns in Table 20.

Table 19.—Ultimate Fiber Stresses of Wood Poles

) Ultimate fiber
Kind of wood ey
Dense yellow pine (meeting standard of A.S.T.| Lbs. per sq. in.
M., see Appendix G) - __________________ 6, 500

Other yellow pine_ __ ____________________.._.
Chestnut . _____

Western cedar (western red cedar) 5, 000
Cypress. - _ - oo
Eastern cedar (northern white cedar)_________
Redwood.__ . ____________________________ } 3, 600

Tests are under way to determine ultimate
stresses of woods and when values for ulti-
mate stresses have been adopted as standard
by the American Engineering Standards
Committee, the values thus determined shall
be applied under this code and the values in
Table 20 adjusted proportionately.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.

A. Poles and Towers—Continued.
4. WOOD POLES—continued.
(d) TrEaTED PoLEs. The use of treated poles

is

not required. However, under certain

circumstances Table 20 permits higher allow-
able stresses for treated poles than for un-

tre

ated poles. Treated poles are poles meet-

ing the following requirements:

®

@

®

PRESERVATIVES. The preservative used
shall be coal-tar creosote or other pre-
servative equally satisfactory with regard
to electrical resistance, retention of the
preservative within the timber, and
efficiency as a preservative. In the case
of poles which are butt-treated only, the
electrical resistance of the preservative
may be disregarded.

FULL-LENGTH TREATMENT. Pine and
other timber subject to rapid decay
above ground shall be treated full
length by a pressure process or some
other equally effective method.

BUTT TREATMENT. Cedar, chestnut, and
other timber not subject to rapid decay
above ground shall be treated by any
process which will produce impregnation
of most of the sapwood from at least 2
feet below the ground line to at least 1
foot above the ground line. In the case
of treatments which require perforation,
no method shall be used which results
in perforation to the cross section re-
quired at replacement.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.

A. Poles and Towers—Continued.
4, WOOD POLES—continued.

() ArLowaBLE FiBer StrEsses. The allow-
able fiber stresses to be used in computing
the strength of treated and untreated poles
to withstand vertical and transverse loads
are given in Table 20.

Table 20.—Allowable Fiber Stresses (in Pounds per Square Inch)
for Wood Poles Under Vertical and Transverse Loading

‘When installed At replacement
Untreated Treated or untreated
Treated poles poles poles

For ultimate fiber | Fr ultimate | g ultimatle fiber

stress of— ﬂbe;rit_ress stress of—

6,500 | 5,000 | 3,600 | 5,000 | 3,600 || 6500 | 5000 | 3,600

At crossings:
Poles in lines of one grade
of construction

throughout—
Grade A___...._..... 2,170 | 1,670 | 1,200 | 1,670 | 1,200 || 3,250 | 2,500 | 1,800
Grade B._...__........ 3,250 | 2,500 | 1,800 | 2,500 | 1,800 | 4,870 | 3,750 | 2,700
Grade C........._... 4,870 | 3,750 | 2,700 | 3,750 | 2,700 (| 9,750 | 7,500 | 5,400

Poles in isolated sections
of higher grade of con-
struction in lines of a
lower grade of con-

struction—
QGrade A ___._________ 2,170 | 1,670 | 1,200 | 1,250 900 || 3,250 | 2,500 | 1,800
GradeB__...____.____. 3,250 | 2,500 | 1,800 | 1,670 | 1,200 || 4,870 | 3,750 | 2, 700
Grade C...._._.__..__ 4,870 | 3,750 | 2,700 | 3,000 | 2,160 || 9,750 | 7,500 | 6,400
Elsewhere than at crossings
Grade A_._._.___.____.__ 2,600 | 2,000 | 1,440 | 1,670 | 1,200 || 3,900 | 3,000 | 2, 160
Grade B___......_..._____ 3,900 | 3,000 | 2,160 | 2,500 | 1,800 || 6,500 | 5,000 | 3,600

QGrade C.._....___.___. 6,500 | 5,000 | 3,600 | 3,750 | 2,700 |[ 9,750 | 7,500 | 5,400
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261. GRADES A, B, AND C CONSTRUCTION—Continued.

A. Poles and Towers—Continued.
4. WOOD POLES—continued.
(f) FreepoM rFroM DEFECTS.

durability.

Wood poles shall
be selected timber free from observable de-
fects that would decrease their strength and

(9) MiniMum Pore Sizes. Wood poles shall
have nominal top diameters not less than the

following:

Table 21.—Minimum Top Diameters for Wood Poles

Grade of construction

Minimum top diameters for
different loading districts

Heavy Medium Light

Inches Inches Inches
AL 7 7 6
B 6 6 6
C o 6 6 6

() Sepuicep Pores. Spliced poles shall not be
used at crossings, conflicts, or joint-use sec-
tions requiring grade A, B, or C construction.

5. TRANSVERSE STRENGTH REQUIREMENTS FOR

STRUCTURES WHERE SIDE GUYING IS REQUI.RED,

BUT CAN ONLY BE INSTALLED AT A DISTANCE.

Grades A and B. 1In the case of structures where,

because of very heavy or numerous conductors

or relatively long spans, the transverse-strength
requirements of this section can not be met ex-
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.

A. Poles and Towers—Continued.
5. TRANSVERSE STRENGTH REQUIREMENTS FOR

STRUCTURES WHERE SIDE GUYING IS REQUIRED,
BUT CAN ONLY BE INSTALLED AT A DISTANCE—
continued.

cept by the use of side guys or special structures,

and it is physically impracticable to employ 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:

(@) The side-guyed structures for each such sec-
tion of 800 feet or less shall be constructed to
withstand the calculated transverse load due
to wind on the supports and ice-covered con-
ductors, on the entire section between the
side-guyed structures.

(d) 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 excess of 150
feet.

(c) The entire section between the transversely
strong structures shall comply with the
highest grade of construction concerned in
the given section, except as to the transverse
strength of the intermediate poles or towers.
Grade C. The above provision is not appli-
cable to grade C.



RULE 261—LONGITUDINAL STRENGTH 99

261. GRADES A, B, AND C CONSTRUCTION—Continued.
A. Poles and Towers—Continued.

6. LONGITUDINAL-STRENGTH REQUIREMENTS FOR
SECTIONS OF HIGHER GRADE IN LINES OF A LOWER
GRADE OF CONSTRUCTION.

(@) 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 as-
sumed longitudinal loading rule 254, C, 1)
are usually met by placing supporting struc-
tures of the required longitudinal strength at
either end of the higher-grade section of the
line.

Where this is impracticable, the support-
ing structures of the required longitudinal
strength may be located one or more span
lengths away from the section of higher
grade, within 500 feet on either side and with
not more than 800 feet between the longi-
tudinally strong structures, provided such
structures and the line between them meet
the requirements, as to transverse strength
and stringing of conductors, of the highest
grade occurring in the section, and provided
that the line between the longitudinally
strong structures is approximately straight
or suitably guyed.

The requirements may also be met by dis-
tributing 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
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261. GRADES A, B, AND C CoNsTRUCTION—Continued.
A. Poles and Towers—Continued.

®)

as to transverse strength and as to conductors
and their fastenings.

Where it is impracticable to provide the
longitudinal strength, the longitudinal loads
shall be reduced by increasing the conductor
sags. This may require greater conductor
separations. (See rule 235, A, 2, (a).)

Grade . The above provision is not ap-
plicable to grade C.

FLEXIBLE SUPPORTS.

Grades A and B. When supports of the
section of higher grade are capable of con-
siderable deflection in the direction of the
line, as with wood or concrete poles, or some
types of metal poles and towers, it may be
necessary to increase the normal clearances
specified in section 23, or to provide head
guys or special reinforcement to prevent such
deflection.

So-called flexible steel towers or frames, if
used at such locations, shall be adequately
reinforced to meet the requirements of rule
261, A, 3 ().

When the situation is one involving an
isolated crossing of higher grade in a line of
lower-grade construction, then the structure
shall, when practicable, be head-guyed or
otherwise reinforced to prevent reduction in
the clearances required in section 23.

Grade C. The above provision is not ap-
plicable to grade C.
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261. GRADES A, B, AND C CoNsSTRUCTION—Continued.
A. Poles and Towers—Continued.
7. STRENGTH AT ANGLES AND DEAD-ENDS.

In cases where, due to change of direction of the
line or because of dead ends, the longitudinal ten-
sions in the conductors are not normally balanced,
the construction shall be such as to withstand
the total combined load without exceeding the
working stresses for transverse strength.

Where the section of higher grade is not in
line with the line beyond this section, suitable
guys shall be placed to withstand the resulting
transverse forces.

B. Foundations.
1. USE OF FOUNDATIONS.

(@) Woop aAND REINFORCED-CONCRETE PoLEs.

®)

No special foundation construction is gen-
erally required.

SteerL Pores or Towers. Steel poles or
towers should preferably be placed on con-
crete or other suitable foundations extending
above the ground line. If, however, the steel
is set in earth, it shall be suitably protected
against injurious corrosion at and below the
ground line.

2. STRENGTH OF FOUNDATIONS.

(@)

SteeL SupporTs. The foundations shall be
so designed and constructed as to withstand
the stresses due to the loads assumed in rule
254. The calculated stresses in any steel
parts shall not exceed the stresses specified in
rule 261, A, 3, (d).
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
B. Foundations—Continued.

2. STRENGTH OF FOUNDATIONS—continued.

Since in many localities the soil and climatic
conditions are such as to alter the strength of
foundations considerably from time to time,
there should usually be provided a consider-
able margin of strength in foundations above
that which (by calculation) will just with-
stand the loads under the assumption of aver-
age conditions of climate and soil.

() Woop anp ConcrerE Pores. Foundations
for poles shall be of such material and dimen-
sions as to withstand the loads assumed in
rule 254, A, B, and C without exceeding the
following percentages of their ultimate
strength.

Percentages of ultimate strength
for different grades

Grade A | GradeB | Grade C

For transverse loads (when

stalled) .. _______________ 50 50 75
For longitudinal loads (at all
times) in general ____________ 100 100 |- --
At deadends. .. __________ 50 50 75
C. Guys.
1. GENERAL.

The general requirements for guys are covered
under “Miscellaneous requirements for overhead
construction” (sec. 28).
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
C. Guys—Continued.

2.

3.

FOR LINES IN EXPOSED LOCATIONS.

Grades A and B. In exposed situations, such
as open country in rural districts, the transverse
strength of wood or reinforced-concrete crossing
poles in sections of higher grade in lines of a lower
grade of construction shall, where practicable, be
obtained by the use of side guys in the following
situations:

Where more than ten wires are carried, for all
span lengths.

Where more than six wires are carried if the
span length exceeds 150 feet.
Grade C. The above orovisions do not apply to
grade C.
ON STEEL STRUCTURES.

The use of guys to obtain compliance with these
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 allowable working load, and the
guys shall have sufficient strength to take the
remainder of the assumed maximum load. (See
rule 261, A, 6, (b) for flexible supports.)

ON WOOD OR CONCRETE POLES.

When guys are used to meet the strength require-
ments for wood or concrete poles, they shall be
considered as taking the entire load in the direc-
tion in which they act, the poles acting as struts
only.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
C. Guys—Continued.
5. STRENGTH OF GUYS.
Guys, when used, shall be of such material and
dimensions as will withstand the transverse load
assumed in rule 254, B and the longitudinal load
assumed in rule 254, C without exceeding the
following percentages of their ultimate strength:

Percentages of ultimate strength
for different grades

Grade A | Grade B Grade C

For transverse strength

(when installed)__________ 50 50 75
For longitudinal strength (at
all times) in general______ 100 100 |o_______
At dead-ends__________ 50 50 75

D. Cross Arms.
1. VERTICAL STRENGTH.
Cross arms shall, when installed, withstand the
vertical loads specified in rule 254, A without the
stress under these loads exceeding 50 per cent of
the assumed ultimate stress of the material.
Exception.—For built-up steel cross arms on steel

structures, see rule 261, A, 3, (d) for allowable
working stresses in steel,
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
D. Cross Arms—Continued.
2. BRACING.

Cross arms shall be securely supported by brac-
ing, if necessary, so as to support safely all other
loads to which they may be subjected in use,
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.

3. LONGITUDINAL STRENGTH.

() GENERAL. Cross arms shall withstand any
unbalanced longitudinal loads to which they
are exposed, with a limit of unbalanced ten-
sion where conductor pulls are normally bal-
anced, of 700 pounds at the outer pin.

() At Enps oF HiGHER-GRADE CONSTRUCTION
IN LINE oF LowER GRADE.

Grades A and B. Wood cross arms shall be
of sufficient strength to withstand at all
times, without exceeding their ultimate
strengths, an unbalanced pull in the direction
of the higher-grade section equal to the ten-
sion in all supported conductors under
assumed maximum loading as given in rule
254, C, 1. Steel arms shall withstand this
load without exceeding the working stresses
for longitudinal loads given in rule 261,
A, 3, (d).

Grade C. The above provisions do not apply
to Grade C.

25804°—2/~—9
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
D. Cross Arms—Continued.
3. LONGITUDINAL STRENGTH—continued.

(©)

@

A1 Enps oF TRANSVERSELY WEAK SECTIONS.
Grades A and B. The cross arms connected
to the structure at each end of the trans-
versely weak section, such as described in
rule 261, A, 5, shall be such as to withstand
at all times without exceeding their ultimate
strengths, under the conditions of loading pre-
scribed in rule 254, C, 1, an unbalanced load
equivalent to the combined pull in the direc-
tion of the transversely weak section of all the
conductors supported.

Grade 0. The above provision does not
apply to grade C.

MEerHops oF MeeTinG RuLes 261, D, 3, (b)
AND (c).

Grades A and B. Where conductor tensions
are limited to a maximum of 2,000 pounds
per conductor, double wood cross arms fitted
with spacing bolts equipped with spacing
nuts and washers, pipe spacers, or similar
construction, or with spacing blocks or
plates, will be considered as meeting the
strength requirements in (b) and (¢) pre-
ceding.

Grade C. The above provisions do not apply
to grade C.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
D. Cross Arms—Continued.

4.

DIMENSIONS OF CROSS ARMS OF SELECTED YELLOW
PINE OR FIR.

The cross-sectional dimensions of selected yellow
pine or fir cross arms shall be not less than the
values of Table 22.

Table 22.—Cross-arm Cross Sections

Number of pins Grades A and B

Grade C

Supply Communication

Inches Inches

Inches
_______ 3 by 4 234 by 3% |eeoo .

_______ 314 by 434 3by4 |oo____

___________________________________________ 234 by 334

___________________________________ 3 by 4

5.

DOUBLE CROSS ARMS AT ANGLES OR DEAD ENDS.
Grades A and B. Where conductors are sup-
ported on pin insulators, double cross arms shall
be used at unbalanced corners and dead ends in
order- to permit conductor fastenings at two
insulators and so prevent slipping.

Grade . The above provision does not apply
to grade C.

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. At cross-
ings, cross arms should be attached to that face
of the structure away from the crossing, unless
special bracing or double cross arms are used.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
E. Pins and Conductor Fastenings.
1. LONGITUDINAL STRENGTH.
(@) GENERAL. Pins and ties or other conductor

®)

()

fastenings shall have sufficient strentgh to
withstand an unbalanced tension in the con-
ductor, up to a limit of 700 pounds per pin
or fastening.

At Enps oF HicHER-GRADE CONSTRUCTION
IN Line oFr Lower GRADE.

Grades A and B. Pins and ties or other con-
ductor 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 rule 254, C, 1.

Grade C. The above provisions do not apply
to grade C.

At Enps oF TRANSVERSELY WEAK SECTIONS.
Grades A and B. Pins and ties or other con-
ductor fastenings connected to the structure
at each end of the transversely weak section
as described in rule 261, A, 5 shall be such as
to withstand at all times without exceeding
their ultimate strength under conditions of
loading prescribed in rule 254, C, 1 the
unbalanced pull in the direction of the trans-
versely weak section of the conductor sup-
ported.

Grade C. The above provisions do not apply
to grade C.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
E. Pins and Conductor Fastenings—Continued.
1. LONGITUDINAL STRENGTH—continued.

(d) MeTHOD OF MEETING RULEs 261, E, 1, (b),
AND (c).
Grades A and B. Where conductor tensions
are limited to 2,000 pounds and such conduc-
tors are supported on pin insulators, double
Pins, and ties or equivalent fastenings will be
considered to meet the requirements (b) and
(¢) preceding.
Grade C. The above provision does not
apply to grade C.

2. SHARP EDGES ON FASTENINGS.

Tie wires or fastenings shall have no sharp edges
or burrs at contacts with the conductors.

8. HEIGHT OF PIN.

The height of the pin and the conductor fasten-
ings and the material and cross section of the pin
should be chosen so as to afford the required
strength.

Note.—The method of attaching conductors by
suitable ties to single pin-type 'insulators
mounted on 114 by 9 inch wood pins of locust
or equivalent wood will usually provide strength
up to 1,000 pounds conductor tension with the
conductor 3.5 inches above the cross arm. Steel
pins may afford greater strength both for the
pins and for the cross arms.
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261. GRADES A, B, AND C CONSTRUCTION—Continued.
F. Open Supply Conductors.
1. MATERIAL.
Conductors shall be of copper, aluminum (with
or without steel reinforcement), copper-covered
steel, or other material which will not corrode
excessively under the prevailing conditions.

Recommendation.—It is recommended that medi-
um-hard-drawn copper wire (conforming to the
specifications of the American Society for Test-
ing Materials) be used instead of soft in new
construction, especially for sizes smaller than
No. 2.

Note.—Soft copper wire has a yield point less
than one-half that of medium-drawn copper,
and hence stretches permanently with a
correspondingly lighter loading of ice and
wind.

Copper wire does not have so sharply
defined a yield point as steel, but for practical
purposes, the yield point may be considered
as that point beyond which the wire is per-
manently elongated and the sag permanently
increased.

If the wire when first strung is pulled to a
tension approximately equal to half its break-
ing strength and then released and tied, its
1vield point is thereby raised and it will be
ess likely to stretch and its sag to increase
mptgrially under moderate loading of ice and
wind.

2. MINIMUM SIZES OF SUPPLY CONDUCTORS.

Supply conductors shall be not smaller than indi-
cated 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
23 and the sags of Appendix B are correspond-
ingly increased.
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261. GRADES A, B, AND C CONSTRUCTION—Continued.
F. Open Supply Conductors—Continued.

Ewce{)twn 2.—Supply service leads of 0 to 750

ts may have the sizes set forth in rule 263, E.

Exception 3.—Where the short-span method of
construction is employed in accordance with
rule 261, K, the conductor sizes and sags herein
speclﬁed are not required.

Table 23.—Minimum Allowable Conductor Sizes
[Sizes are A. W. G. for copper, copper-covered steel, and aluminum; Stl. W. G. for steel]
ir(:,ir?i sizest lt;m'ts an lengltlgiup(to }md)
. uding the following ts (in feet)
Loading Grade of
Kind of wire district || construction
150 175 | 200 | 250 | 300 | 400 | 500 | 700 | 1,000
Heavy.... éand Bo_o | 6| 4| 4 ccc] 2 )occfocac]eaac)oaaaae
Covered wires: g 2 1 ::: g RO I e
Cop ‘;ﬁgxg Medium. . 8| 6| 4[| 2
Copper -covered g g 3 - g
teel. -
s Light._._. 8| 6! 6|...| 2
8| 8| 6. .| 2|--_- I P
6 4| 4 4 2| 2| o|eaeao
Heavy.... ---= -
Byrowres: o olelaf| &l i| 3 e
O e ddrawn, ||| Medium. . 8| 6| 4i .| 4| 4] 22|00
Copper-covered (83 g é === 2 : i g 0?
steel.
Light____. 8| 6] 6 41 4] 4] 2 1
8| 8| 6|_..) 4] 4| 4| 2 1
41 2] 1 oo |acac]emac]aaan .
Covered or bare |||Heavy.... é g g - .
Copper,  soft- 4| 4| 2|1 I
dgp:vu. Medium. . | { 6| a| 2| 1|7 I
Light..___ A,B,andC.|| 6] 4| 4| 2 JESEDROR PRI (AP I,
Exceeding 150
Aand B..__|| 6 4
Steel wire......... Al O.... . ° H
Stranded alumi-
num wire:
Without steel || Al........ A,B,andC_|| 1 0
reinforcement.
With steel rein- || All._______ A,B,andC.|[ 6 4
forcement.
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261. GRADES A, B, AND C CONSTRUCTION—Continued.
F. Open Supply Conductors—Continued.
8. LIGHTNING PROTECTION WIRES.

Lightning protection wires paralleling the line

conductors shall be regarded in respect to size,

material, separation, and stringing requirements as
supply conductors with which they are associated.
4. SAGS AND TENSIONS.

(a) MinimuMm ALLowABLE SaG. Conductor sags
shall be such that, under the assumed load-
ing of rule 253 for the district concerned, 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.

Note.—The sag tables of Appendix B are
based upon a stringing temperature of 30,
60, or 90° F. to comply with these
requirements.

Recommendation.—It is recommended that
conductors of hard, medium, and soft-
drawn copper have normal sags, at 60° F.
and no wind, as near as practicable to
those given in the tables of Appendix A.
Note.—The sags given for copper in the

tables are based upon experience and are
designed to give the best results from the
standpoint of safety and continuity of
service.

In order to minimize the danger from
wires swinging together and to permit
the moderate pin spacings and cross-arm
spacings sanctioned by modern good
practice in overhead line construction,
1t is necessary to assign a limit to the sag,
and hence to the recommended length of
span of the smaller sized wires, as indi-
cated by the blank spaces in the tables,
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
F. Open Supply Conductors—Continued.

4.

SAGS AND TENSIONS—continued.

) Two-Truousanp-pouNnDp LimiTaTION FOR CON-
pucTtor TEeNnsions. In order to apply the
methods given in rule 261, D, 3, (d) and rule
261, E, 1, (d) it is necessary that conductor
tensions be limited to 2,000 pounds. The
curves given in Appendix C show sags based
on these limitations for conductors having an
ultimate strength of 4,000 pounds or more.

5. SPLICES AND TAPS.

6.

Grades A and B. Splices shall not be made in the
crossing span and preferably not in the adjacent
spans, which are depended upon for withstanding
the longitudinal tension of the crossing con-
ductors. Taps shall not be made in the crossing
span. If a splice or tap is made in any con-
ductor in the span next to the crossover span, it
shall, where practicable, be placed at a point
nearer to the crossover support than is the
nearest conductor crossed over.

Eixception.—In the case of large-gauge conductors
where the application of this rule would work a
hardship and where proper methods are avail-
able for making high-strength splices, such
splices may be used in the crossing span pro-
vided 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.

TROLLEY CONTACT CONDUCTORS.

In order to provide for wear, no trolley contact
conductor shall be installed of less size than
No. 0, if of copper, or No. 4, if of silicon bronze.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
G. Supply Cables.
1. SPECIALLY INSTALLED SUPPLY CABLES.

Cables having permanently grounded continuous
metal sheath or armor, where located on joint
poles, or where located on other poles and
having a grade of construction less than that
required for open wire supply lines of the same
voltage, shall meet the requirements of (a), (b),
(c), and (d) below.

(a¢) MEssENGeRrs. Messengers shall be stranded

(®)

©

and of galvanized or copper-covered steel
with strengths and sags as specified in rule
262, J for grade D, or if of other sizes shall
not be stressed beyond half their ultimate
strength under the loadings specified in
rule 253. .

GroUNDING OF CABLE SHEATH AND M ESSEN-
GER. Each section of cable between splices
shall be suitably and permanently bonded to
the messenger wire at not less than two
places. The messenger wire shall be
grounded at the ends of the line and at inter-
mediate points not exceeding 800 feet apart.
(See section 9 for method.)

CasBLE Sprices. Splices in the cable shall be
made so that their insulation is not materially
weaker than the remainder of the cable.
The sheath or armor at the splice shall be
made electrically continuous.
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261. GRADES A, B, AND C CoNsTRUCTION—Continued.
G. Supply Cables—Continued.

1. SPECIALLY INSTALLED SUPPLY CABLES—continued.
(d) CaBLE InsuraTiON. The conductors of the
cable shall be insulated so as to withstand a
factory potential test of at least twice the
operating voltage at operating frequency
applied continuously for five minutes be-
tween conductors and between any conductor
and the sheath or armor.
2. OTHER SUPPLY CABLES.

The following requirements apply to all supply

cables not included in 1 above.

(@) MEssENGER. The messenger shall have such
strength and sag that it will not be stressed
beyond the following percentages of its ulti-
mate strength under the loadings specified in

rule 253:
remge
Grade of construction: Osturength
Aand B ___________ 50
C o e 60

(0) CaBLE. There are no strength requirements
for cables supported by messengers.
H. Open Communication Conductors.
Open-wire communication conductors in grade A,
B, or C construction shall have the sizes and sags
given in rule 261, F, 2 and 4 for supply conductors
of the same grade.
Exception.—Where the span length is 150 feet or
less, conductors may have grade D sizes and sags

instead of grade C sizes and sags except as pro-
vided in Note ¢ to Table 15, rule 242.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
I. Communication Cables.

1. METAL-SHEATHED COMMUNICATION CABLES.
There are no strength requirements for such
cables supported by messengers.

2. MESSENGER.
The messenger shall have such strength and sag
that it will not be stressed beyond the following
percentages of its ultimate strength under the
loading specified in rule 253:

of wtimese

. of ultimate

Grade of construction: strength
Aand B . ___ 50
C oo 60

J. Paired Communication Conductors.
1. PAIRED CONDUCTORS SUPPORTED ON MESSENGER.

(@) UsE oF MESSENGER. A messenger may be
used for supporting paired conductors in
any location, but is only required for paired
conductors crossing over trolley contact con-
ductors of more than 7,500 .volts.

(b) Sac oF MESSENGER. Messenger used for
supporting paired conductors required to
meet grade A or B construction because of
crossing over trolley contact conductors shall
meet the sag requirements for grade D
messengers.

{(¢) Size AND Sag or ConpucTors. There are
no requirements for paired conductors when
supported on messenger.
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261. GRADES A, B, AND C CoNSTRUCTION—Continued.
J. Paired Communication Conductors—Continued.

2. PAIRED CONDUCTORS NOT SUPPORTED ON MES-
SENGER.
(@) ABovE SuppLy LinEs.
Grades A and B. Sizes and sags shall not be
less than those required by rule 261, 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. 17 AWG.

Spans 100 to 150 feet. Sizes and sags shall
be not less than required for grade D com-
munication conductors.

Spans exceeding 150 feet. Sizes and sags shall
be not less than required for Grade C
supply conductors.

() Asove 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 be not less than for No. 8
A. W. G. hard-drawn copper as given in
Appendix B.

Spans exceeding 100 feet. Sizes shall be not
less than the following:

Hard-drawn copper-_ - _._____ No. 14 AWG.

Bronze_ . _ .. No. 17 AWG.
Copper-covered steel ... ___.__.. No. 17 AWG.
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261. GRADES A, B, AND C CoNsTRUCTION—Continued.

J. Paired Communication Conductors—Continued.
Sags shall be not less than for No. 8 A. W. G.
hard-drawn copper as given in Appendix B.
Grade C. Sizes and sags shall be as follows:
Spans 0 to 100 feet. No requirements.
Spans exceeding 100 feet. No sag require-
ments. Size shall be not less than the

following:
Hard-drawn copper_ .- __.______ No. 14 AWG.
Bronze_ oo ____ No. 17 AWG.
Copper-covered steel _ _________ No. 17 AWG.

K. Short-Span Crossing Construction.

Where supply lines cross over railways or com-
munication lines by the short-span method, the
requirements for grade A, B, or C conductor sags
and sizes are waived, in so far as such grades are
required by the crossing, provided that a perma-
nently grounded guard arm is installed at each
crossover 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 railroad crossing into the space
between the crossing supports.

Explanation.—The short-span method of crossing
requires the crossover span to be of such a height
that a conductor breaking in that span can not
come within 15 feet of the ground or rails at a
railroad crossing or make contact with any wires
crossed over at a wire crossing.

This character of construction is facilitated
where the crossover supports can be placed quite
near together and in the case of wire crossings
where the span crossed over is at & minimum ele-
vation above ground.
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261. GRADES A, B, AND C CoNsTRUCTION—Continued.
L. Cradles at Supply-Line Crossings.
Cradles should not be used.

Note.—It is less expensive and better to build the
supply line strong enough to withstand extreme
conditions than to build a cradle of sufficient
?tﬁength to catch and hold the supply line if it
alls.

M. Protective Covering or Treatment for Metal Work.
All hardware, including bolts, washers, guys,
anchor rods, and similar parts of material subject
to injurious corrosion under the prevailing con-
ditions, shall be protected by galvanizing, painting,
or other treatment which will effectively retard
corrosion.

262. GRADES D AND E CONSTRUCTION.

A. Poles.

1. STRENGTH OF UNGUYED POLES.

Unguyed poles, at the time of installation, shall
withstand the vertical and transverse loads
specified in rule 254, A and B and the longi-
tudinal loads specified in rule 254, C without
exceeding the following percentages of their
ultimate strength.

Percentages of ultimate
strength for different
grades

Grade D | Grade E

For transverse strength___________ 25 37.5
For longitudinal strength (for poles
carrying not more than two wires) 50 75
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262. GRADES D AND E CoNSTRUCTION—Continued.
A. Poles—Continued.

2.

STRENGTH OF GUYED POLES.

Where poles are guyed, the poles shall be con-
sidered as acting as struts, resisting the vertical
component of the tension in the guy calculated

as in rule 262, C combined with the vertical
load.

. STRENGTH REQUIREMENTS FOR POLES WHERE

GUYING IS REQUIRED, BUT CAN ONLY BE IN-
STALLED AT A DISTANCE.

Where on account of physical conditions it is
impracticable to guy or brace the crossing poles
as specified in rule 262, C the requirements there
given may be met by head-guying and side-
guying the line as near as practicable to the
crossing, but at a distance not exceeding 500 feet
from the nearest crossing pole, provided that the
line is approximately straight and that a stranded
steel wire of strength equivalent to that of the
head guy is run between the two guyed poles,
being attached to the guyed poles at the point
at which the head guys are attached, this wire
being securely attached to every pole between
the guyed poles.

POLE LOCATIONS AT CROSSINGS.

Where communication lines cross over railroads,

the poles shall be located as follows:

(@) The poles supporting the crossing span and
the adjacent spans should be located in a
straight line, if practicable. Where the poles
supporting the crossing span and the adjacent
spans are not in line, additional guying shall
be placed to take care of the unbalanced load.
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262. GRADES D AND E CoNSTRUCTION—Continued.
A. Poles—Continued.
4. POLE LOCATIONS AT CROSSINGS—continued.

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

5. FREEDOM FROM DEFECTS.

Wood poles supporting the crossing span shall

be selected timber, sound and reasonably

straight.
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 D and E

Diameter of top of pole

Number of wires carried by pole
Grade D | Grade E

Inches Inches
6 6

1to20__ ___ o ___._
21t040______ __ o _______ 7 6
More than 40____________.________ 8 7

7. SPLICED POLES.

Spliced poles shall not be used at grade D or
E crossings or conflicts.
25804°.—27——10

|
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262. GRADES D AND E CoNSTRUCTION—Continued.
A. Poles—Continued.

8.

9.

POLES LOCATED AT CROSSINGS OVER SPUR TRACKS.

Where a communication line paralleling a rail-
road track on the right 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, provid-
ing the pole is not stressed beyond one-half its
ultimate strength. No requirements for longi-
tudinal strength are made if the conductor
tensions are balanced. Where conductor ten-
sions 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 guys or braces shall be
installed capable of withstanding such unbalanced
tensions. .

HEIGHT OF POLES ADJACENT TO CROSSING POLES.

The height of poles adjacent to crossing poles
shall be such that the vertical distance from the
top cross arm of the crossing 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
vertical
distance

Average Length of Span: Fect
Less than 100 feet. - ... _____ ____________ 4
100 to 130 feet_ - _______________________ 5
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262. GRADES D aND E CoNnsTRUCTION—Continued.
B. Pole Settings.

Poles shall be set to such a depth and in such a

manner and back filling *shall be so thoroughly

tamped that the applied load will break the pole

before the butt is pulled loose from its setting.

Recommendation.—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. 28).

2. WHERE USED.
Side guys or braces shall be used on poles sup-
porting the crossing span to withstand the loads
put upon them in accordance with the conditions
specified in rule 254, B.

Head guys shall be installed in accordance with

Table 25.

Exception 1.—Side guys are not required where
the crossing poles have the transverse strength
specified in rule 262 A, 1. Head guys are not
required where the crossing poles carry not
more than two wires and have the strength
specified in rule 262 A, 1.

Exception 2.—This rule does not apply to crossing
poles under the special conditions set forth in
rule 262 A, 3, above.

Exception 3.—Where an overhead crossing which
makes an angle with the tracks of less than
45° involves at either crossing 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 rule 262 A, 8.
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262. GrRADES D AND E CoNsTRUCTION—Continued.
C. Guys—Continued.
3. 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 of the ulti-

mate strength of the material.
Per cent

4. GUYS USED FOR LONGITUDINAL STRENGTH.

(a) Direction oF HEaDp Guys. Poles supporting
the crossing span shall be head-guyed away
from the crossing.

(0) Size anp Numser oF HEap Guys. Guys for
various wire loads shall be supplied as per
Table 25.

Exception.—This rule does not prevent the
omission of head guys where the crossing
poles have the strength specified in rule
262, A, 1 above and carry not more than
two wires.

Table 25.—Strength (in Pounds) of Head Guys Required for
Loading Districts Indicated
[Combinations of standard-size guys may be used]

Ratio of guy lead to height mot less than—
Number of wires

1 1 % % %

GRADE D, HEAVY LOADING

4,000 4,000 4,000 4,000

4,000 4,000 4,000 6,000

6, 000 6, 000 10, 000 10, 000
10, 000 12,000 16, 000 16, 000
16, 000 , 000 20, 000 5
20,000 26,000 26,000 32,000
20, 000 30, 000 32,000 42, 000
30,000 36,000 36,000 48,000
30, 000 40, 000 48,000 60, 000
40, 000 48,000 60, 000 70, 000
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Table 25.—Strength (in Pounds) of Head Guys Required for
Loading Districts Indicated—Continued

[Combinations of standard-size guys may be used]

Radio of guy lead to height not less than—

Number of wires

A

1% 1 % % b4

GRADE D, MEDIUM LOADING, AND GRADE E, HEAVY LOADING

4,000 4,000 4,000 4,000 4,000
4,000 4,000 4,000 4,000 4,000
4,000 4,000 6,000 6,000 6,000
6,000 10,000 10,000 10, 000 12,000
10,000 10,000 12, 000 16,000 16,000
12,000 16,000 16,000 16,000 20, 000
16,000 16,000 20, 000 20, 000 26, 000
20,000 20, 000 26,000 26,000 30, 000
20, 000 20, 000 26, 000 30,000 36, 000
26, 000 26, 000 30, 000 32,000 40, 000

GRADE D, LIGHT LOADING, AND GRADE E, MEDIUM LOADING

4,000 4,000
4, 000 4,000
4,000 4,000
6,000 10,000
10, 000 12, 000
12,000 16, 000
16,000 20, 000
16,000 20, 000
20, 000 26,000
26,000 30,000
4,000 4,000 4,000 4,000 4,000
4,000 4,000 4,000 4,000 4,000
4, 000 4,000 4, 000 4,000 4,000
4,000 4,000 4,000 4,000 6,000
6,000 6, 000 6,000 6, 000 10, 000
8,000 6,000 10,000 10,000 10, 000
6,000 6,000 10,000 10, 000 12, 000
10, 000 10,000 10,000 12, 000 16, 000
10, 000 10, 000 12, 000 16,000 16, 000
10, 000 12, 000 16, 000 16, 000 20,000

See note on page 126. ’
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262. GRADES D AND E CoNSTRUCTION—Continued.
C. Guys—Continued.

4. GUYS USED FOR LONGITUDINAL STRENGTH—
continued.

Note to Table 25.—This table is based on ulti-
mate or breaking strength of guys equal
to seven-sixths of the nominal strengths
shown in the table and a wire load of 50
per cent No. 8 B. W. G. iron and 50 per
cent No. 9 A. W. G. copper with an aver-
age pull of 408.75 pounds per wire.

No guy will be required for cable, since
the suspension strand serves as s head guy.

5. LOCATION OF GUY ANCHORS.

Guy anchors shall, where possible, be located so

that the horizontal distance from the ground

line of the pole to the guy or guy rod will be not

less than the height above ground of the attach-

ment of the guy to the poles for head guys, and

not less than one-third that height for side guys.
6. ATTACHMENT OF GUYS TO POLES.

The guys shall be attached as near to the center
of the load as practicable.

7. MAINTENANCE.

The guys and anchors shall be maintained so
that the guys are kept taut.
D. Cross Arms.
1. MATERIAL.

Wood cross arms supporting the crossing span
shall be of yellow pine, fir, or other suitable
timber
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262. GRADES D AND E CoNsTRUCTION—Continued.
D. Cross Arms—Continued.
2. MINIMUM SIZE.

(@) Woop Cross ArMs. Wood cross arms shall
have a cross section not less than the fol-

lowing:
Cross section
Length of arm: (inches)
6 feet or less___ . _________. 234 by 334
More than 6 feet_______________ 3 by 4

Exception.—In rural districts in arid regions
where the practice has been established of
using 234 by 334 inch arms in 8 and 10
pin lengths, this practice may be contin-
ued where conductors are not larger than
No. 10.

(®) 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 to-

gether 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 Racks.
Brackets or racks may be used only if used in dupli-
cate or otherwise designed so as to afford 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.
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262. GRADES D AND E CoNSTRUCTION—Continued.
F. Pins.
1. MATERIAL.

Insulator pins shall be of steel, wrought iron,
malleable cast iron, or locust or equivalent wood.

2. STRENGTH.

Insulator pins shall have sufficient strength to
withstand the loads to which they may be sub-

jected.
3. SIZE.

(@) Woop Pins. Wood pins shall be sound and
straight-grained with a diameter of shank

not less than 114 inches.

() MEeTaL Pins. Steel or iron pins shall have
diameter of shank not less than one-half inch.

G. Insulators.

Each insulator shall be of such pattern, design, and
material that when mounted it will withstand with-
out 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 conductors shall be securely tied to each sup-

porting insulator.
I. Conductors.
1. MATERIAL.

Conductors shall be of hard-drawn copper, copper-
covered steel, galvanized steel, or other hard-drawn
corrosion-resisting metal, provided, however, that
galvanized steel shall not be used in localities where

excessive corrosion would result.
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262. GRADES D AND E CoNSTRUCTION—Continued.
I. Conductors—Continued.
2. SIZE.

Conductors of the crossing span, if of hard-drawn
copper or galvanized steel, shall have sizes not
less than specified in (¢) and () below. Con-
ductors of material other than the above shall be
of such size and so erected as to have a mechanical
strength not less than that of the sizes of copper
conductors given in (¢) and (b) below.

(a) Seans Nor Exceeping 150 Feer. The sizes

in Table 26 apply.

Table 26.—Grades D and E Minimum Wire Sizes
[A. W. G. for copper; Stl. W. G. for steel]

Spans of 125 Spans 125 feet
feet or less to 150 feet

Conductor ]a'?:td;}gtg

Grade | Grade || Grade | Grade
D E D E

Heavy.... 10 10 9 10
Copper, hard-drawn_ . ________________.__ Medium. . 10 12 9 10
Light____. 10 12 9 10

Steel, galvanized:
Ingeneral . . oo AllL .. 10 12 8 10
In rural districts of arid regions..___.. All...__._. 12 12 10 10

() Spans Exceeping 150 Feer. 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.
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262. GRADES D AND E CoONSTRUCTION—Continued.
I. Conductors—Continued.
3. PAIRED CONDUCTORS WITHOUT MESSENGERS.

Paired wires without a supporting messenger
shall be eliminated as far as practicable and
where used shall meet the following require-
ments:

(@) MATERIAL. Each conauctor shall be made

®)

of bronze, hard-drawn copper, or copper-
covered steel, and shall be tinned.

Size. Each wire shall be not smaller than
the following:

Hard-drawn copper-____________ No. 14 A. W. G.
Bronze._______________________ No. 17 A. W. G.
Copper-covered steel.___________ No. 17 A. W. G.

(¢) LimiTine SpaN LENGgTHs. Paired wires shall

in no case be used without a supporting mes-
senger in longer spans than the following:

Feet
For grade D construction...__________________ 100
For grade E construction...__________________ 125

4. SAGS.

Conductors of the crossing span shall be strung
with sags not less than shown in Table 27.
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Table 27.—Minimum Stringing Sags of Bare Hard-Drawn Copper
Wire or Steel Wire for Loading Districts Indicated

HEAVY LOADING

Sag (in inches)

Length of span (in feet)
100°F. | 80°F. | 60°F, | 40°F, | 20°F. 0°F.

b, 5 3% 2% 2

6. 5% 4 3 3

8 7 5 4 314 3
10 814 7 5% 4 4
12 10 8% (371 5, 6
14 12 10 64 (]
17 14 12 944 8 7
20 17 14 1 94 8
2 16 13 1 9

MEDIUM LOADING

100° F. | 80° F. 60° F. 40° F. 20° F. 0°F.

75 4 3% 3 2; 24 134
80 5 4 3% e 2 b
) 6 5 4 3 3 214

100 7% 6 5 4 3 3
110 9 7% 6 5 4 3%
120 1 9 7 6: 5. "
130 13 10%4 814 7 6: 514
140 ... 15 12 10 814 % 6%
150 17 14 12 10 81 7%

LIGHT LOADING

120°F. | 100°F. | 80° F, 60° F, 40° F. 20° F,
75 4 3% 3 214 2 134
g0.1IIIIIIIIIIIT 5 4 314 3 24 2"
6 5 4 3% 3 214

7 6 5 314 3
84 7 6 5 4 3%

10 8% 7 6 5 4

12 10 8% 7 6 5

14 12 10 814 7 6

16 14 12 10 8 7
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262. GRADES D AND E CoNSTRUCTION—Continued.
I. Conductors—Continued.

5.

6.

SPLICES AND TAPS.

Splices and taps shall not be made in the crossing
span and preferably not in the adjacent spans.
SIMULTANEOUS CROSSING OVER RAILROAD AND
SUPPLY LINE.

Where codductors cross in the same span over a
railroad track and a supply line carrying from
750 volts alternating current (440 volts to
neutral or ground) to 5,000 volts alternating
current (2,900 volts to neutral or ground) the
minimum allowable conductor sizes shall be the
same as required by rule 261, F, 2 for grades A
and B construction when crossing main and minor
tracks, respectively.

J. Messengers.
1. MINIMUM SIZE.

(¢) Spans Notr Exceeping 150 FEer. Table 28
gives the minimum sizes of galvanized steel-
strand messenger to be used for.supporting
different sizes of cables:

Table 28.—Minimum Sizes of Messenger

. Messenger
Size of cable in weight per foot (nominal break-
ing load)
Pounds
Less than 2.25 pounds___________ 6, 000
225to5pounds. . _________ 10, 000
Exceeding 5 and less than 8 pounds 16, 000
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262. GRADES D AND E CoNsTRuUCTION—Continued.
J. Messengers—Continued.
1. MINIMUM SIZE—continued.

(0) Seans Exceeping 150 Feer. For spans
exceeding 150 feet or for heavier cables a
proportionately larger messenger or other
proportionately stronger means of support
shall be used.

2. SAGS AND TENSIONS.

Multiple-wire cables and their messengers shall
be suspended with a normal sag at 60°F., so that
when they are subjected to the loading prescribed
in rule 253 the tension in the messenger will not
exceed the following values of safe working
tension:

Table 29.—Safe Working Tension in Messengers

Safe working
Nominal breaking load of messenger (in pounds) tension of mes-

senger

Pounds
6,000 _ 3, 500
10,000 - . 5, 900
16,000 _ _ o _____ 9, 500

K. Inspection.

All parts of the supporting structures of the crossing
span shall be examined annually by the owner and
all defective parts shall be promptly restored to a
safe condition.
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263. GRADE N CONSTRUCTION.

A.

4

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.

Guys.

The general requirements for guys are covered under
“Miscellaneous requirements for overhead con-
struction’ (sec. 28).

. 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 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.
Note—Double cross arms are generally used at
crossings, unbalanced corners, and dead-ends in
order to permit conductor fastenings at two
insulators, and so prevent slipping, although
single cross arms might provide sufficient strength.
To secure extra strength, double cross arms are
frequently used, and cross-arm guys are sometimes
used.
Supply-line Conductors.
1. MATERIAL.
All supply conductors shall be of cbpper, alumi-
num (with or without steel reinforcement), cop-
per-covered steel, or other material which will
not corrode excessively under the prevailing
conditions.
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263. GRADE N CoNSTRUCTION—Continued.
D. Supply-line Conductors—Continued.
2. SIZE.

Supply-line conductors shall be not smaller than
the following:

Table 30.—Grade N Minimum Gauge Sizes for
Supply-Line Conductors

X

[A. W. G. for copper and aluminum; Stl. W. G. for steel]

Urban Rural

Soft copper-. - ________ 6 8
Medium or hard-drawn cop-

o123 8 8

Steel . _ .. 9

Urban and rural

Stranded aluminum
Spans 150 | Spans exceed-
feet or less ing 150 feet

Not reinforced______________ 1 0
Steel-reinforced . . ___________ 6 4

Recommendation.—It is recommended that except
as modified in Table 23, rule 261, F, 2, these
minimum sizes for copper and steel be not used
in spans longer than 150 feet for heavy-loading
districts, and 175 feet for medium and light
loading districts.
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263. GRADE N CONSTRUCTION—Continued.

E. Supply Services.
1. MATERIAL.
All supply-service conductors shall be of copper,
aluminum (with or without steel reinforcement),
copper-covered steel, or other material which
will not corrode excessively under the prevailing
conditions.
2. SIZE OF OPEN-WIRE SERVICES.
(a) Seven HunprED aAND FirrYy VoLTS OR LEss.
Supply-service leads of 750 volts or less
shall be not smaller than required by (1)
or (2) below.
(1) SPANS NOT EXCEEDING 150 FEET—

Table 31.—Minimum Sizes of Service Leads Carrying 750 Volts
or Less
[A. W. G. for copper; Stl. W. G. for steel]
Copper wire
Situation o Steel wire
Soft-drawn | Medium or
Alone_ . . ____ 10 12 12
Concerned with communication con-
ductors_. oo ___ 10 12 12

Over supply conductors of—

0to 750 volts__ ________________ 10 12 12

750 to 7,500 voltsa_ ____________ 8 10 12

Exceeding 7,500 voltss__________ 6 8 9
Over trolley contact conductors—

0 to 750 volts a. c.ord. c_.______ 8 10 12

Exceeding 750 volts d. c_________ 6 8 9

o Installation of service leads of not more than 750 volts over supply lines of more than 750
volts should be avoided where practicable.
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263. GRADE N CoNsTRUCTION—Continued.
E. Supply Services—Continued.
) 2. SIZE OF OPEN-WIRE-SERVICES—continued.

(a) Open-wire services of 750 volts or less—Con.
(2) sPANS EXCEEDING 150 FEET. Sizes shall

not be smaller than required for Grade
C. (Rule 261, F, 2.)

() ExceepiNG 750 VorLts. Sizes of supply-serv-
ice leads of more than 750 volts shall be not
less than required for supply-line conductors of
the same voltage.

3. SAG, OPEN-WIRE SERVICES.

(¢) SevEx HunprED AND FirTY VoLTs oR LESS.
Supply service leads of 750 volts or less shall
have sags not less than the following:

Table 32.—Sags for Open-Wire Services

Span lengths (in feet) Sag
Inches
100 orless_ ... ___.___ 12,
100 to 125 _______ 18.
125 to 150 __________ 27.
Exceeding 150 _______ Grade C sags. (See
'gl))les of Appendix

() Exceeping 750 VoLts. Supply service leads
of more than 750 volts shall comply as to
sags with the requirements for supply line
conductors of the same voltage.

25804°—2—11



138

SEC. 26—STRENGTH REQUIREMENTS

263. GRADE N CoNSTRUCTION—Continued.
E. Supply Services—Continued.

I.

4. CABLED SERVICES.

Supply service leads may be grouped together in

a cable, provided the following requirements

are met. )

(@) Size. The size of each conductor shall be
not less than required for leads of separate
conductors (rule 263, E, 2).

(b) Sac. The sag of the cable should be not less
than required for leads of separate conductors
(rule 263, E, 3).

(¢) InsuraTiON. The insulation should be suffi-
cient to withstand twice the normal operating
voltage.

Lightning Protection Wires.

Lightning protection wires paralleling the line con-
ductors shall be regarded, in respect to size and
material requirements, as supply conductors.

. Trolley Contact Conductors.

In order to provide for wear, no trolley contact con-
ductors shall be installed of less size than No. 0, if of
copper, or No. 4, if of silicon bronze.

. Cradles at Supply-Line Crossings.

Cradles should not be used.

Note.—It is less expensive and better to build the
supply line strong enough to withstand extreme
conditions than to build a cradle of sufficient
?;ll'length to catch and hold the supply line if it

S.

Communication Conductors.

There are no specific requirements for grade N
communication line conductors or service drops.
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SEC. 27. LINE INSULATORS

270. APPLICATION OF RULE.

271,

272.

273.

These requirements apply only to situations where
grade A or B construction is required. They do not
apply to line insulators in grades C, D, E, or N con-
struction.

MATERIAL AND MARKING.

Insulators for operation on supply lines at voltages
of 2,300 and above shall be of porcelain, made by the
wet process or one equally suitable as regards elec-
trical and mechanical properties, or other material
which will give equally good results in respect to me-
chanical and electrical performance and durability.
These insulators should be marked by the maker with
a classification number and maker’s name or trade-
mark, the marks being applied so as not to reduce the
electrical or mechanical strength of the insulator.

ELECTRICAL STRENGTH OF INSULATORS IN STRAIN
PoOSITION.

Where insulators are used in strain position they
shall have not less electrical strength than the insulators
generally used on the line when under the normal
mechanical stresses imposed by the loadings specified
in section 25.

RATIO OF FLASH OVER TO PUNCTURE VOLTAGE.
Insulators shall be designed so that their dry flash-
over voltage is not more than 75 per cent of their punc-
ture voltage at a frequency of 60 cycles per second.
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274. TEST VOLTAGES.

Table 33.—Test Voltage Requirements
[Based on Line Conditions of Rule 276, B, 1]

Insulators when tested under American Institute of
Electrical Engineers’ specifications shall flash over at
values not less than given in Table 33.

Minimum test

Nominal line voltage dry fash-over
insulators
750 i 5, 000
2,300 - e 20, 000
4,000 el 30, 000
6,600 _ . 40, 000
11,000 - oo 50, 000
22,000. - - e 75, 000
38,000 . 100, 000
44,000 . 125, 000
55,000 150, 000
66,000 - _ - _ oo 175, 000
88,000 . 220, 000
110,000 - - - oo 315, 000
132,000 .. 390, 000
150,000 - _ - . 420, 000
200,000 - - .- 560, 000

(Interpolate for intermediate values
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275. FACTORY TESTS.
Each insulator or part thereof for use on lines oper-
ating at voltages in excess of 15,000 volts shall be sub-
jected 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.

276. SELECTION OF INSULATORS.
A. Insulation of Constant-Current Circuits.

The insulation for constant-current circuits shall be

determined on the basis of their nominal full-load

voltage.
B. Insulators for Nominal Line Voltages.

In selecting insulators of the test voltage to be used

for any nominal line voltage, consideration shall be

given to the conditions under which the line will
operate and to the presence of crossings as follows:

1. Where the system is of moderate extent with
grounded neutral in open country subject to in-
termittent rains and moderate lightning and uses
wood poles with suspension or pin-type insulators,
insulators of the flash-over voltage required in
Table 33 for the contemplated line voltage shall
be 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 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 accumu-
lation followed by moisture, larger insulators
than the minimum specified in Table 33 should
be used. The amount of increase is to be deter-
mined by local experience.
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276.

271.

278.

SEC. 21—LINE INSULATORS

SELECTION OF INSULATORS—Continued. °
B. Insulators for Nominal Line Voltages—Continued.

3. At crossings over steam railroads or over com-
munication lines other than minor communica-
tion lines where grounded construction or un-
grounded 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 insulators in the line are of the

suspension type or if construction in accord-
ance with rule 278 below is employed.

PROTECTION AGAINST ARCING.
In installing the insulators and conductors, such pre-
cautions as 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 sup-
porting structures, insulators or conductors which might
render the conductors liable to fall.
COMPLIANCE WITH RULE 277 AT CROSSINGS.
At crossings, construction in accordance with the fol-
lowing methods will be considered as a means of meeting
the requirements of rule 277 above.
A. Pin-Type Insulators.

1. DOUBLE CONSTRUCTION.

Double cross arms, pins, insulators, and conduc-
tor fastenings on the crossing supports.
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278. COMPLIANCE WITH RULE 277 AT CROSSINGS—Continued.
A. Pin-Type Insulators—Continued.

2. INSULATION AT CROSSING SUPPORTS.
(@) 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 throughout the
line.

Insulators which have a rating of 25 per cent

greater than the requirements of Table 33,

but not less than the insulators in the remain-

der of the line, under the following conditions:

(1) Wood pins, grounded at the crossing
supports and throughout the line.

(2) Metal pins, grounded or ungrounded
at crossing supports and throughout the
line.

Insulators at the crossing support which have

a rating 50 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 sup-
port and pins ungrounded throughout the
remainder of the line.

(8) Metal pins, ungrounded at the crossing
support with wood pins ungrounded
throughout the remainder of the line.
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278. COMPLIANCE WITH RULE 277 AT CROSSINGS—Continued.
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 with a single string of insulators as per 2
() following.

2. NUMBER OF INSULATOR STRINGS.

() DouBLE InsuLATOR STRINGS. Double strings
of the insulators used on the crossing sup-
ports except under the special conditions
covered in (b) following.

(b) SingLE InsurLaTOrR StrINGS. Where pre-
ferred single strings of insulators may be
used if all the following conditions obtain.
(1) Steel cross arms on steel poles or struc-

tures.

(2) Hardware throughout providing a factor
of safety of not less than 2 against the
assumed maximum tension in the con-
ductor in one direction.

(3) A high-strength clamp which will prevent
the conductor under assumed maximum
loading conditions from slipping into the
crossing span.

(4) An extra unit where strings of 5 or less
are used elsewhere in the line and 2 extra
units where strings of 6 or more are nor-
mally used, these extra units to be pro-
vided in addition to those in 4 below.
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278. COMPLIANCE WITH RULE 277 AT CROSSINGS—Continued.
B. Suspension Insulators—Continued.

3.

4.

50

POSITION OF INSULATOR STRINGS.

Insulators of the suspension type on crossing

supports preferably should be used in the sus-

pension or semistrain position except where condi-
tions are such as to require the insulators to be
used in the full-strain position.

INSULATORS IN SUSPENDED POSITION.

(a) UncrounpED CrossiNg SupprorTs. Insu-
lators which meet the requirements of Table
33. In all cases the insulation at the crossing
to be at least equal to that elsewhere in the
line.

(0) GrouNDED SuPPORTS AT THE CROSSING AND
EvsewHERE IN THE LINE. Where supports
throughout the line are grounded, insulators
which meet the requirements of Table 33
with one extra unit in each string normally
requiring 5 or less and 2 extra units in each
string normally requiring 6 or more; in all
cases, the insulation at the crossing to be at
least equal to that elsewhere in the line.

(¢) GrounpED 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 insu-
lators to meet (b) above.

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.
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278. COMPLIANCE WITH RULE 277 AT CROSSINGS—Continued.
B. Suspension Insulators—Continued.
6. LIMIT FOR INCREASED NUMBER OF INSULATORS.

In no case is the application of the above para-
graphs to result in the addition of more than 2
disks to strings normally requiring 5 or less, nor
more than 3 disks to strings normally requiring
6 or more.

SEC. 28. MISCELLANEOUS REQUIREMENTS FOR

OVERHEAD LINES

280. 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 practi-
cable to brush, grass, rubbish, or building fires.
2. GUARDING POLES.

(@)

®)

ProrecTiON AGAINsT MECHANICAL INJURY.
Where poles and .towers are exposed to
abrasion by traffic or to other damage which
would materially affect their strength, they
shall be protected by guards.
ProrecTioN AgaiNsT CrimBING. On closely
latticed poles or towers carrying supply con-
ductors exceeding 300 volts 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 fenced, provided the poles or
towers are not adjacent to roads, regularly
traveled thoroughfares, or places where
-people frequently gather, such as schools
or public playgrounds.
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280. SUPPORTING STRUCTURES—Continued.
A. Poles and Towers—Continued.
3. WARNING SIGNS.

(@) ON Pores or Towers. For warning signs
on poles or towers, see rule 280, A, 2, ().
(6) O~ Bripge FixTures. Structures attached
to bridges for the purpose of supporting
conductors shall be plainly marked with the
name, initials, or trade-mark of the utility
responsible for the attachment and, in addi-
tion, where the voltage exceeds 750 volts,
by the following sign or its equivalent.
“Danger—Do Not Touch.”
4. GROUNDING METAL POLES.
Metal poles not guarded or isolated shall always
be specially grounded where in contact 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 im-
perfectly grounded and the insulators supporting
line conductors as well as the strain insulators
in attached span wires should, therefore, have a
suitable margin of safety and be maintained with
special care to prevent leakage to the pole as
far as practicable.

5. POLE STEPS.

(@) METAL STEPs. Steps closer than 614 feet
from the ground or other readily accessible
place shall not be placed on poles.
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280. SUPPORTING STRUCTURES—Continued.
A. Poles and Towers—Continued.

5.

6.

7.

POLE STEPS—continued.

() Woop Brocks. One wood block (or on pri-
vate 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 314 feet from the ground or
other readily accessible place. On poles
carrying only communication conductors,
additional wood blocks may be used.

IDENTIFICATION OF POLES.

Poles, towers and other supporting structures on
which are maintained electrical conductors shall
be so constructed, located, marked, or numbered
as to facilitate identification by employees
authorized to work thereon. Date of installation
of such structures shall be recorded where prac-
ticable by the owner.

OBSTRUCTIONS.

All poles should be kept free from posters, bills,
tacks, nails, and other unnecessary obstructions,
such as through bolts not properly trimmed.

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
crossings should be attached to that face of the
structure away from the crossing, unless special
bracing or double cross arms are used.
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280. SUPPORTING STRUCTURES—Continued.

B.

Cross Arms—Continued.
1. LOCATION—continued.

Note.—Double cross arms are generally used at
crossings, unbalanced corners, and dead ends
in order to permit conductor fastenings at two
insulators and so prevent slipping, although
single cross arms might provide sufficient
strength. To secure extra strength, double
cross arms are frequently used and cross arm
guys are sometimes used.

2. BRACING.

Cross arms shall be securely supported, by brac-
ing 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.

Unusual Conductor Supports.

Where conductors are attached to structures other
than those used solely or principally for supporting
the lines, all rules shall be complied with as far as
they apply and such additional precautions as may
be deemed necessary by the administrative authority
shall be taken to avoid injury to such structures or
to the person using them. The supporting of con-
ductors on trees and roofs should be avoided where
practicable.
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281. TREE TRIMMING.
A. General.

Where trees exist near supply-line conductors, they
shall be trimmed, if practicable, so that neither the
movement of the trees nor the swinging or increased
sagging of conductors in wind or ice storms or at
high temperatures will bring about contact between
the conductors and the trees.

Exception.—For the lower-voltage conductors, where
trimming is difficult, the conductor may be pro-
tected against abrasion and against grounding
through the tree by interposing between it and

the tree a sufficiently nonabsorptive and sub-
stantial insulating material or device.

B. At Wire Crossings and Railroad Crossings.
The crossing span and the next adjoining spans
shall be kept free, as far as practicable, from over-
hanging or decayed trees which might fall into the
line.
282. GUYING.
A. Where Used.

When the loads to be imposed on poles, towers, or
other supporting structures are greater than can
be safely supported by the poles or towers alone,
additional strength shall be provided by the use of
guys, braces or other suitable construction.

Guys shall be used also, where necessary, where-
ever conductor tensions are not balanced, as at
corners, angles, dead ends, and changes of grade
of construction.

Note.—This is to prevent undue increase of sags in
adjacent spans as well as to provide sufficient

strength for those supports on which the loads
are considerably unbalanced.
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282. GUYING—Continued.
B. Strength.

The strength of the guy shall meet the require-
ments of section 26 for the grade of construction
that applies.

When guys are used with wood or other poles or
towers capable of considerable deflection before
failure, the guys shall be able to support the entire
load in the direction in which they act, the pole
acting simply as a strut.

C. Point of Attachment.

The guy should be attached to the structure as near
as practicable to the center of the conductor load to
be sustained.

D. Guy Fastenings.

Guys should be standard and where attached to
anchor rods should be protected by suitable guy
thimbles or their equivalent. Cedar and other soft
wood poles to which any guy having a strength of
10,000 pounds or more is attached should be pro-
tected by the use of suitable 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 necessary
in the case of supplementary guys, such as storm
guys.
E. Guy Guards.

The ground end of all guys attached to ground
anchors exposed to traffic shall be provided with a
substantial and conspicuous wood or metal guard
not less than 8 feet long.

Recommendation.—It is recommended that in
exposed or poorly lighted locations such guards
be painted white or some other conspicuous color.
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282. GUYING—Continued.

F.

Insulating Guys from Metal Poles.

Where anchors would otherwise be subject to elec-
trolysis, guys attached to metal poles or structures
and not containing guy insulators should be insu-
lated from the metal pole or structure by suitable
blocking.

. Anchor Rods.

Anchor rods shall be installed so as to be in line
with the pull of the attached guy when under load,
except in rock or concrete. The anchor rod shall
have an ultimate strength in the eye and shank equal
to that required of the guy.

. Grounding.

The anchored end of guys attached to wood poles

carrying circuits of more than 15,000 volts shall be

permanently grounded (see section 9 for method)
wherever this part of the guy has a clearance of
less than 8 feet to ground.

Exception 1.—This does not apply to guys in rural
districts. .

Exception 2.—This does not apply if the guy con-
tains an insulator which will meet the require-
ments of rule 283, A, 2 for the highest voltage
liable to be impressed on it.

283. GUY INSULATORS.

A.

Properties of Guy Insulators.
1. MATERIAL.

(@) GrabpEs A AnNp B. Guy insulators shall be
made by the wet-porcelain process or a proc-
ess equally suitable as regards electrical and
mechanical properties.

(0) Grapes C, D, E, anp N. No requirements
are made for material.
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283. Guy INsuLATORS—Continued.
A. Properties of Guy Insulators—Continued.
2. ELECTRICAL STRENGTH.
Guy insulators shall have a dry flash-over voltage
at least double the normal line voltage and a wet
flash-over voltage at least as high as the normal
line voltage between conductors.
3. MECHANICAL STRENGTH.
Guy insulators shall have a mechanical strength
at least equal to that required of the guys in which
they are installed.
B. Use of Guy Insulators.
1. ONE INSULATOR.
An insulator shall be located in each guy which
is attached to a pole or structure carrying any
supply conductors of more than 300 volts to
. ground and not more than 15,000 volts between
conductors, or in any guy which is exposed to
such voltages. This guy insulator shall be located
from 8 to 10 feet above the ground.
Exception.—A guy insulator is not required where
the guy is grounded under the conditions set
forth in 4 following.
2. TWO INSULATORS.
Where a guy attached to any pole carrying com-
munication or supply conductors or both, is car-
ried over or under overhead supply conductors
of more than 300 volts to ground and where
hazard would otherwise exist, 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.
Exception.—These insulators are not required
where the guy is grounded under the condi-

tions set forth in 4 following.
25804°—27—12
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283. Guy INSULATORS—Continued.
B. Use of Guy Insulators—Continued.

3. RELATIVE LOCATION OF INSULATORS IN GUYS
LOCATED ONE ABOVE THE OTHER.

Where guys in which it is necessary to install

insulators are so arranged that one crosses or is

above another, insulators shall be so placed that
in case any guy sags down upon another the
insulators will not become ineffective.

4. CONDITIONS NOT REQUIRING GUY INSULATORS.
Insulators are not required in guys under the
following conditions:

(a) Where the guy is electrically connected to
grounded steel structures or to a ground
connection on wood poles.

(0) Where the guys are uniformly permanently
grounded throughout any system of overhead
lines.

284. SPAN-WIRE INSULATORS.

A.

Mechanical Strength.

Span-wire insulators shall have a mechanical
strength at least equal to that required of the span
wire in which they are installed.

Use of Span-Wire Insulators.

All span wires, including bracket span wires, shall
have a suitable strain insulator (in addition to an
insulated hanger if used) inserted between each
point of support of the span wire and the lamp or
trolley contact conductor supported, except that
single insulation, as provided by an insulated
hanger, may be permitted when the span wire or
bracket is supported on wooden poles supporting
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284. SPAN-WIRE INSULATORS—Continued.

B.

Use of Span-Wire Insulators—Continued.

only trolley, railway feeder, or communication con-
ductors used in the operation of the railway con-
cerned. In case insulated hangers are not used,
the strain insulator shall be located so that in the
event of a broken span wire the energized part of
the span wire can not be reached from the ground.

Exception.—This rule does not apply to insulated
feeder taps used as span wires.

285. CONDUCTORS.

A.

Identification.

All conductors of electrical supply and communica-
tion lines should be arranged to occupy definite
positions throughout, as far as practicable, or shall
be so constructed, located, marked, or numbered
as to facilitate identification by employees author-
ized to work thereon. This does not prohibit sys-
tematic transposition of conductors.

Branch Connections.
1. ACCESSIBILITY.

Connections of branches to supply circuits, serv-
ice loops, and equipment in overhead construc-
tion shall be readily accessible to authorized
employees. When possible, connections shall be
made at poles or other structures.

CLEARANCE.

Branch connections shall be supported and
placed so that swinging or sagging can not bring
them in contact with other conductors, or inter-
fere with the safe use of pole steps, or reduce the
climbing or lateral working space.

2



156

SEC. 28—MISCELLANEOUS

286. EQUIPMENT ON POLES.

AO

o

Identification.

All equipment of electrical supply and communica-

tion lines should be arranged to occupy definite

positions throughout, as far as practicable, or shall

be constructed, located, marked, or numbered so

as to facilitate identification by employees author-

ized to work thercon.

Location.

Transformers, regulators, lightning arresters, and

switches when located below conductors or other

attachments shall he mounted outside of the climb-

ing space.

Guarding.

Current-carrying parts of switches, automatic cir-

cuit-breakers, and lightning arresters shall be

suitably inclosed or guarded if all the following

conditions apply.

1. If of more than 300 volts to ground, and,

2. If located on the climbing side of the pole less
than 20 inches from the pole center, and,

3. If located below the top cross arm.

Hand Clearance.

All current-carrying parts of switches, fuses, light-

ning arresters, also transformer connections and

other connections which may require operation 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 current-carrying part at a different

voltage than the clearances from pole surfaces

required in Table 9, rule 235, A, 3, (@), for con-

ductors of corresponding voltages. (See also rules

422 A, B, and C, pt. 4, NES Code, for Clearances

from Live Parts.)’
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286. EQUIPMENT ON PoLEs—Continued.
E. Street-Lighting Equipment.

1.

2.

3.

CLEARANCE FROM POLE SURFACE.
All exposed metal parts of lamps and their sup-
ports (unless effectively insulated from the current-
carrying parts) shall be maintained at the follow-
ing distances from the surface of wood poles:

Inches

(@) Ingeneral . _______________________ 20
(®) If located on the side of the pole

opposite the designated climbing side. 5

Exception.—This does not apply where lamps are
located at pole tops.

CLEARANCE ABOVE GROUND.

Street lamps shall be mounted at not less than

the following heights above ground.

Feet
(@) OVER WALKWAYS._ _ .o ooooo 10
() OVER ROADWAYS—
Connected to circuits of 150 volts or
less - - oo e 14
Connected to circuits of more than
150 volts_ _ o ______ 15

HORIZONTAL CLEARANCES.
Arc and incandescent lamps in series circuits
should have at least 3 feet horizontal clearance
from windows, porches, and other spaces acces-
sible to the general public.

. MATERIAL OF SUSPENSION.

The lowering rope or chain for lighting units
arranged to be lowered for examination or mainte-
nance shall be of a material and strength designed
to withstand climatic conditions and to sustain,
the lighting unit safely. The lowering rope or
chain, its supports, and fastenings shall be
examined periodically.



158

SEC. 28—MISCELLANEOUS

286. EQUIPMENT ON PoLEs—Continued.
E. Street-Lighting Equipment—Continued.
5. INSULATORS IN SUSPENSION ROPES.

6

Effective insulators as specified in rule 283, A,
should be inserted at least 8 feet from the ground
in metallic suspension ropes or chains supporting
lighting units of series circuits.

ARC-LAMP DISCONNECTORS.

A suitable device shall be provided by which each
arc lighting unit on series circuits of more than
300 volts to ground may be safely and entircly
disconnected from the circuit before the lamp
is handled unless the lamps are always worked
on from suitable insulating stools, platforms, or
tower wagons, or handled with suitable insulating
tools, and treated as under full voltage of the
circuit concerned.

287. PROTECTION FOR EXPOSED COMMUNICATION LINES.
A. Open Wire.

Communication -lines for public use and fire-alarm

lines shall be treated as follows if at any point they

are exposed to supply (including trolley) lines of

more than 400 volts to ground.

1.

At stations for public use they shall be protected
by one of the methods specified in part 3, sec-
tion 39.

. Elsewhere they shall be isolated by elevation or

otherwise guarded so as to be inaccessible to the
public.

Metal-Sheathed Cable.

Metal-sheathed cables and messengers shall be
isolated or grounded in conformity with the general
requirements of section 21.
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288. COMMUNICATION CIRCUITS USED EXCLUSIVELY IN THE
OPERATION OF SUPPLY LINES.

A.

Choice of Method.

Communication circuits used exclusively in the
operation of supply lines may be run either as ordi-
nary communication circuits or as supply circuits
under the conditions specified in rule 288, C and D,
respectively. After selection of the type of com-
munication-circuit construction and protection for
any section which is isolated, or is separated by
transformers, such construction and protection shall
be consistently adhered to throughout the extent of
such isolated section of the communication system.
Guarding.

Communication circuits used in the operation of
supply lines shall be isolated by elevation or other-
wise guarded at all points so as to be inaccessible to
the public.

. Where Ordinary Communication Line Construction

May Be Used.

Communication circuits used in the operation 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 voltage trolley feeders) at crossings, con-
flicts, or on commonly used poles, provided:

(a) Such communication circuits occupy a posi-
tion below all other conductors or equipment
at crossings, conflicts or on commonly used
poles.

(d) Such communication circuits and their con-
nected equipment are adequately guarded
and are accessible only to authorized persons.

(¢) The precautions of section 39, part 3, and
section 44, part 4, have been taken.
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288. COMMUNICATION CIRCUITS USED EXCLUSIVELY IN THE
OPERATION OF SupPPLY LINES—Continued.

C. Where Ordinary Communication Line Constructlon

May Be Used—Continued.

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, conflicts, or on the same poles,
provided the communication circuits are pro-
tected by fuseless lightning arresters, drainage
coils, or other suitable devices to prevent the
communication circuit voltage from normally
exceeding 400 volts to ground.

Note—The grades of construction for com-
munication conductors w1th inverted levels
apply.

D. Where Supply Line Construction Must Be Used.

Communication circuits used in the operation of
supply lines shall comply with all requirements for
the supply lines with which they are used, where
they do not comply with the provisos of C, 1 above
or the proviso of C, 2 above.

Exception 1.—Where the voltage of the supply con-
ductors concerned exceeds 7,500, the communica-
tion conductors need only meet the requirements
for a 7,500-volt supply circuit.

Emceptwn 2.—Where the supply conductors are
required to meet grade C, the size of the com-
munication conductors may be the same as for

rade D (see rule 262, I, 2) for spans up to 150
eet,
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289. 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 conductor, live span wire, or current-carrying
connection to come within 10 feet (measured verti-
cally) from the ground, or from any platform
accessible to the general public.

Span-wire insulation for trolley contact conduc-
tors shall comply with rule 284.

. High-Voltage Contact Conductors.

Every trolley contact 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 practicable, so that if
broken at a single point, it can not fall within 12 feet
(measured vertically) from the ground or any
platform accessible to the general public.

Third Rails.

Third rails shall be protected where not on fenced
rights of way by adequate guards composed of
wood or other suitable material.

. Prevention of Loss of Contact at Railroad Crossings.

Trolley contact conductors shall be arranged as set

forth in either 1 or 2 following, at grade crossings

with interurban or other heavy-duty or high-speed

railroad systems.

1. The trolley contact conductor shall be provided
with live trolley guards of suitable construction,
or,



162

SEC. 28—MISCELLANEOUS

289. ELECTRIC RAILWAY CONSTRUCTION—Continued.

D. Prevention of Loss of Contact at Railroad Cross-
ings—Continued.

2.

The trolley contact conductor shall be as far as
practicable at the same height above its own
track throughout the crossing span and the next
adjoining spans. Where a uniform height above
rail is not adhered to, the change shall be made
in a very gradual manner. Where the crossing
span exceeds 100 feet, catenary construction shall
be used.

Exception.—This rule does not apply where the

system is protected by interlocking derails or by
gates.

E. Guards Under Bridges.

1.

2.

WHERE GUARDING IS REQUIRED.

Guarding is required where the trolley contact
conductor is so located that a trolley pole leaving
the conductor can make simultaneous contact
between it and the bridge structure.

NATURE OF GUARDING.

Guarding shall consist of a substantial inverted
trough of nonconducting material located above
the contact conductor, or other suitable means
of preventing contact between the trolley pole
and the bridge structure.
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SEC. 29. RULES FOR UNDERGROUND LINES

290. 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 tracks and all under-
ground structures, including catch basins, gas pipes,
etc., should be avoided where practicable. Con-
ductors and cables carried underground under rail-
ways shall be placed in suitable ducts.
B. Ducts.

The ducts between adjacent manholes or other
outlets should be installed in straight lines. If
curves are necessary, they should be of the longest
practicable radius, and the spacing between adjacent
.manholes should be reduced proportionately.

C. Manholes.

Manholes shall, where practicable, be located 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 3 fect. At crossings under railroads, man-
holes, pull boxes, and terminals shall be located
away from the roadbed (preferably outside the
fenced right of way).
291. CONSTRUCTION OF DUCT SYSTEMS.
A. Material, Size, and Finish of Ducts.

Ducts shall be of such material, size, mechanical
strength, and finish as to facilitate the installation
and maintenance of conductors or cables. Ducts
shall be freed from burrs before laying and shall have
clear bores.
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291. CONSTRUCTION OF Duct SysTEMS—Continued.
B. Grading of Ducts.

Grade of ducts shall be such as to drain toward
manholes or handholes. A grade of not less than 3
inches in 100 feet of length shall be provided where
practicable.

C. Alignment of Ducts.

Ducts shall be laid so as to prevent inside shoulders
at joints.

D. Duct Joints.

Joints in duct runs shall be made mechanically
secure to maintain individual ducts in alignment.

E. Protection.

1. SETTLING.
Ducts should be suitably reinforced or be laid
on suitable foundations of sufficient mechanical
strength where necessary to protect them from
settling.

2. DAMAGE.
Ducts should be protected by concrete or other
covering where necessary to prevent being dam-
aged by workmen when digging, or by other
causes.

F. Clearances.

1. GENERAL.

The clearances between duct systems 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 con-
structed, shall be sufficient to protect the duct
system from injury.
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291. CONSTRUCTION OF DucT SysTEMS—Continued.
F. Clearances—Continued.
2. RAILROAD TRACKS.

The distance between the top of the duct system
structure and the base of the rail shall be not
less than 30 inches in the case of street railways
and not less than 42 inches in the case of steam
and electric railroads.

Exception 1.—Where thé ballast section subject
to working and cleaning is less than 42 inches,
the clearance may be reduced for street rail-
ways to not less than 18 inches; and for steam
and electric railroads to not less than 30 inches;
but in no case to less than the depth of ballast
section plus 6 inches. In lieu of the additional
depth of 6 inches, a 114-inch creosoted plank,
or 3 inches of concrete, or iron pipe may be
provided.

Note.—The above clearances are based on a duct
system, the width of which is not more than
3 creosoted wood ducts, 4 vitrified clay ducts,
4 impregnated fiber ducts or 4 iron or mild
steel pipes. These clearances do not apply to
bridge-type structures designed to sustain the
weight of the roadbed and the operating load.

When a wider duct system is contem-
plated, additional strength of construction
and protection should be provided, or the duct
system should be placed at a greater depth.

Where unusually hard digging, as in rock,
or when obstructions are encountered, a con-
duit run may be spread to a width of six ducts,
so as to maintain the required clearance
beneath the base of the rail.

Exception 2.—Where physical and chemical con-
ditions will permit, a duct system consisting
of not more than two iron pipes, not exceedin;
3 inches in diameter, or two creosoted woo
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291, CONSTRUCTION OF Duct SYSTEMS—Continued.
F. Clearances—Continued.

2. RAILROAD TRACKS—continued.

ducts, not exceedinf 414 inches square, used
for communication lines or for service supply
lines not exceeding 750 volts, may be laid in
the ground beneath 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 sys-
tem shall be laid below the ballast section.

G. Separation Between Supply and Communication
Duct Systems.

1.

2.

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 con-
ductors 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 interconnected or jointly owned and
jointly occupied duct systems used in common
by municipalities, communication companies,
or power companies with less effective separa-
tions than above specified.

ENTERING MANHOLES.

Where communication conductors and supply

conductors occupy ducts terminating in the

same manhole, the two classes of ducts should be
separated as widely as practicable and where prac-
ticable should enter the manhole at opposite sides.

Explanation.—This requirement is made so that
cables can be racked along side walls with a
minimum of crosses between the two classes
of conductors.
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291. CONSTRUCTION OF DucT SysTEMS—Continued.
H. Duct Entrances into Manbholes.

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. SMOOTH OUTLET.
Iron pipe conduit terminating in manholes,
handholes, or other permanent openings of under-
ground systems, shall be provided with an effec-
tive shield, bushing or other smooth outlet.
Sealing Laterals.

Lateral ducts for service connections 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.

Duct Arrangement for Dissipation of Heat.

Duct systems intended to carry supply cables of
large current capacity should be arranged where
practicable, so that ducts carrying such cables, will
not dissipate their heat solely through other ducts.

292. CONSTRUCTION OF MANHOLES.

A.

Minimum Strength.

The design and construction of manholes and hand-
holes shall provide sufficient strength to sustain, with
a suitable margin of safety, the loads which may
reasonably be imposed on them,
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292. CONSTRUCTION OF MANHOLES—Continued.

B.

v

Dimensions.

Manholes should meet the following requirements

where practicable:

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 provided. The
horizontal dimension should be not less than 3
feet. The vertical 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.

Exception.—The dimensions specified in 1 and 2
above are not necessary in service boxes, hand-
holes, or in manholes serving a small number of

ducts, or in manholes used exclusively for com=
munication system equipment and cables.

Drainage.

Where drainage is into sewers, suitable traps shall

be provided to prevent entrance of sewer gas

into manholes.

Ventilation.

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 loca-
tions where it is impracticable to comply.

Manhole Openings.

The opening to any manhole should be not less

than 24 inches minimum dimension.

Recommendation. — Round openings are recom-
mended,
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292. CONSTRUCTION OF MANHOLES—Continued.

293.

294.

F. Manhole Covers.
Manholes and handholes, while not being worked in,
shall be securely closed by covers of sufficient
strength to sustain such loads as reasonably may
be imposed upon them.

G. Supports for Cables.

Supports shall be provided, where necessary, for all

cables at each manhole, handhole, or other perma-

nent opening.

Note.—In handholes which reach the top line of
ducts only, orin small manholes, the duct line itself
may serve as sufficient support for the cables.

MANHOLE LOCATION.

Manhole openings, shall where practicable, be located
so that barriers or other suitable guards can be placed
to protect the opening effectively when uncovered.

LocATiON 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
clearance shall be provided between them to prevent
abrasion and to permit reasonable access to any
cable for inspection or repair.

B. Clearance from Manhole Floor.
Each cable shall be maintained at a vertical clear-
ance above the manhole floor of at least 6 inches,
where practicable.

C. Conductors Carrying Large 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.

25804°—27——13
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294. LoCATION OoF CoNDUCTORS—Continued.
D. Separation Between Conductors.

1.

3.

CABLES OF DIFFERENT VOLTAGES.

Cables shall be arranged and supported in ducts
and manholes so that those operating at higher
voltages will be separated as far as practicable
from those operating at lower voltages.

. CABLES OF DIFFERENT SYSTEMS.

Cables belonging to different systems, particularly
supply distribution and communication systems,
shall not be installed in the same duct.
CONDUCTORS OF SUPPLY AND COMMUNICATION
SYSTEMS.

(@) GENERAL. Supply conductors and communi-
cation conductors for public use should, in
general, be maintained in separate duct
systems, and particularly in separate man-
holes.

Exception.—Cable extensions may be made
to existing interconnected or jointly owned
and jointly occupied duct systems used in
common by municipalities, communication
companies or power companies.

(®) I~ TuE SAME MaNHOLE. Supply conductors
and communication conductors for public use
occupying the same manhole should be main-
tained at opposite sides of the manhole.

Where supply and communication cables
must cross, a separation of at least 1 foot
shall be maintained.
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295. PROTECTION OF CONDUCTORS IN DUCT SYSTEMS AND
MANHOLES.

A. Protection Against Moisture.

Cables shall be provided with a water-tight metal
sheath or other waterproof covering over their
insulating coverings.

Exception—This requirement does not apply to

rubber-insulated cables nor to cables used as
ground connections or neutrals.

B. Protection Against Arcing.

A suitable fire-resisting covering should be placed
on the following cables to prevent injury from
arcing:

1. Closely grouped lead-sheathed supply cables of
more than 7,500 volts, or of large-current capac-
ity operating at more than 750 volts a. c. or 300
volts d. c.

2. Communication cables and supply cables of
large current capacity if they are within the
the same manhole and within arcing distance of
each other.

3. Communication cables and supply cables which
cross each other in the same manhole. In this
case the protective covering above specified is
mandatory.

C. Mechanical Protection.

1. CROSSINGS OF SUPPLY AND COMMUNICATION
CABLES.
Special mechanical protection shall be provided
against abrasion where supply and communica-
tion conductors must cross in the same manhole.
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295. PROTECTION OF QONDUCTORS IN Duct SYSTEMS AND
ManNHOLES—Continued.

C. Mechanical Protection—Continued.
2. IRON PIPE CONDUIT.
Iron pipe conduit, terminiting in manholes,
handholes, or other permanent openings of under-
ground systems, shall be provided with an effec-
tive shield, bushing, or other smooth outlet.
296. GUARDING OF LIVE PARTS IN MANHOLES.
A. Conductor Joints or Terminals.
Joints or terminals of conductors or cables of supply
systems shall be arranged so 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 appa-
ratus of supply lines installed and maintained in
manholes or handholes shall be inclosed in suit-
able grounded cases.
2. CONTINUITY BETWEEN CABLE SHEATH AND APPA-
RATUS CASES.
The metal sheathing of all conductors or cables
shall be made mechanically and electrically con-
tinuous with the metal cases of protective, con-
trol, or other apparatus.
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297. CONSTRUCTION AT RISERS FROM UNDERGROUND.

A.

1.

Separation Between 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 neces-
sary to use the same pole for the risers of both sys-
tems, they shall be placed on opposite semicircum-
ferences of the pole where practicable.

. Mechanical Protection of Conductors.

All conductors or cables from underground systems

which connect to overhead systems shall be pro-

tected by a covering which gives suitable mechan-

ical protection up to a point 8 feet above the

ground.

Exception 1.—Armored cables or cables installed in
a grounded metal conduit.

Exception 2.—Communication circuits on private
fenced rights of way.

. Grounding of Riser Pipes.

Exposed metal riser pipes containing supply con-
ductors shall be grounded unless such conductors
are covered with a grounded metal sheath or are
themselves grounded.

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 follow-
ing requirements:

PROTECTION AGAINST MOISTURE.

Protection shall be provided so that moisture will
not enter the cable.
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297. CONSTRUCTION AT RISERS FROM UNDERGROUND—Con.
D. Conductor Terminal Construction—Continued.
2. INSULATION OF CONDUCTORS.

Conductors shall be properly insulated from the

grounded metal sheath. In addition, the conduc-

tors 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:

Table 34.—Clearance Above Ground for Open Supply Wiring

Voltage
Location on pole 750 t Exceedi
0 to 750 18000 | 15000 °

volts volts volts

Side of pole adjacent to vehic- Feet Feet Feet

ular traffie.__________________ 14 16 18
Side of pole not adjacent to

vehicular traffie...___________ 8 11 13
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IDENTIFICATION OF CONDUCTORS.

Cables shall be permanently identified by tags or
otherwise at each manhole, handhole, or other per-
manent opening of the underground system.

Exception.—This requirement does not applﬁ where the
position of a cagle, in conjunction with diagrams
supplied to workmen, gives sufficient identification,
or where the manhole is occupied solely by the com-
munication cables of one utility.

. IDENTIFICATION OF APPARATUS CONNECTED IN MUL-

TIPLE.

Where transformers, regulators, or other similar appa-
ratus not located in the same manhole operate in mul-
tiple, special tags, diagrams, or other suitable means
shall be used to indicate that fact.

Exception.—This requirement does not apply where

disconnecting devices are provided to permit cut-
ting such equipment completely off the system.
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Appendix A—RECOMMENDED NORMAL SAGS OF
COPPER OVERHEAD LINE CONDUCTORS, WITH
CORRESPONDING TENSIONS AND STRESSES

While the following sags are those generally recommended,
circumstances will sometimes call for modifications. For
instance, where many large conductors are carried by a pole
line, greater sags than those listed for the large conductors
will sometimes be advisable, to reduce the loads on poles at
turns and dead ends, and to permit smaller longitudinal
guys where such guying is called for by the rules. (See
rule 254 C.)

The figures given for the sags and tensions have been
rounded off to the nearest value which can be readily
measured by methods and instruments in practical use for
this purpose. Simple and fairly accurate methods for
measuring sags will be given in a future supplementary
volume.

The sags are intended to apply to both solid and stranded
conductors. The corresponding tensions and stresses, how-

ever, have been computed only for solid conductors.
179
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Table 35.—Sags for Hard and Medium-Drawn Bare Copper Wire for
Different Span Lengths

[At 30, 60, and 90° F.—wires without load]
HEAVY LOADING DISTRICTS

. Sags for span length of—
A SVquG Grade of | Temper-
"No. construction | ature
. 1001t.|1251t.| 150ft.| 176 ft.| 200 ft.] 250 ft.| 300 ft.| 400 ft.| 500 ft.
°F. In. {In. | In. | In. | In. | In. | In. | In.

8. C 30 8|11 22 -
60 12 | 18 27 -
90 16 | 22 32

6 A 20 8|11 22
60 12 [ 18 27
90 16|22 |32

6 B 30 6]110.6 |18 fouooo|ocooi o e[ reee e
60 10 | 16 22 -
90 14 | 19.5 | 27 PR RPN ORI AP S

6. C 30 6]10.5 |16 2. 2 R I N -
60 10 | 16 22 33 |- -
90 14 119.5 | 27 39 N —

4. All.. 30 6110.5 |16 22 | 32 64
60 10 | 156 21 28 | 38 71
90 14 | 19.5 | 26.5 34 | 45 77

2. All_. 30 6(10.5 |13 16 | 18.5 35

. 60 10 | 16 18 21 | 24 44
90 14 119.5 ] 23.5 28 | 31 51

1 All_ 30 6]10.6 |13 16 | 18.6 32 51 | 113 195
60 10 | 16 18 21 |24 40 69 | 120 203
20 14 | 19.5 | 23.5 28 | 31 47 67 | 130 212

0. All 30 6]10.5 |13 16 | 18.5 31 45 | 100 170
60 101 15 18 21 |24 38 551 110 180
90 14 |1 19.5 | 23.5 28 | 31 46 63 [ 120 190

00acce--oo AllLoo_... 30 6]10.5 |13 16 | 18.5 29 42 92 157
60 10 | 16 18 21 | 24 36 50 | 102 168
20 14 | 19.5 | 23.5 28 |31 4 58 | 111 179

0000...--| All__..._.._ 30 6]10.5 |13 16 | 18.5 26 3 73 118
60 10 | 15 18 21 | A4 32 42 84 132
90 14 119.5 | 23.5 28 |31 40 50 94 142
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Table 35.—Sags for Hard and Medium-Drawn Bare Copper Wire for

Different Span Lengths—Continued
MEDIUM LOADING DISTRICTS
Grade Sags for span length of—
AW G, ofeon- | TEE
No. | SFuC- | ‘bure | 100 | 125 | 150 | 175 | 200 | 250 | 300 | 400 | 500 | 700 [1,000
foot | foot | foet | feet | feet | feot | feet |feet | feet | feet [ foet

°F | In. | In. | In. | In. | In. | In. | In. | In. | In. | In. | In.

I I o S 30| 55| 85|13
60| 8 |12 |18
90|12 |17 |[28.5| |-

6o AL 30| 55| 85[13 |1865 oo foeeeofees]ooet
60| 8 |12 |18 |28 |2l
90 (12 |17 |23.5|30

4o AN 30| 55| 85[13 |185]|25 |35 61 | 134
60| 8 |12 |18 |24 |32 |42 69 | 141 -
90|12 [17 [23.5[30 (39 |50 77| 149 |- T

2. AN____ 30| 55| 85|13 |165[20 |29 41| 78| 139|313 [._.__
60| 8 |12 |18 |22 |26 |36 50 | 88 | 150 | 324 |-____
90|12 [17 [23.5|28 33 |4 58 | 100 | 161 | 334 [____

b SR VN | I 30| 65| 85(13 |[156.5|185|24.5| 32| 62 (111|276 ..
60| 8 [12 |18 |21 |24 |31 40| 72| 124 | 286 (____
(12 |17 [23.5|28 |31 |39 48 | 83| 135|208 |.____

O...jAN 30| 55| 85|18 |155]18 |23.6] 20| 54| 95| 218 |._..
60| 8 |12 |18 120528 |29 37| 64108 | 289 |.____
90|12 [17 |23.5|27.5(29.5/36 44| 74| 120|253 |-__.

00} All___. 30| 56| 85183 |15 |17 |21 27| 47| 80| 177 | 396
60| 8 |12 |18 |20 |22 |2 33| 55| 92102 415
90|12 [17 |[235|28 |28 |34 41| 65| 104 | 208 | 429

0000-...| Al ___. 30| 55| 85|18 |145[16 |19 2| 41| 66| 140 | 304
60| 8 |12 |18 (19 f21 |24 27| 48| 786|154 | 3%
g0{12 (1 |28.5|2 |27 |30 33| 57| 88171 340
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Table 35.—Sags for Hard and Medium-Drawn Bare Copper Wire for
Different Span Lengths—Continued
LIGHT LOADING DISTRICTS
Sags for span length of—
Size 3'::3]9_ Tem-
AW.G.| e | pera-
No. tiocr | ture | 100 | 125 | 160 | 175 | 200 | 250 | 300 400 | 500 | 700 {1,000
feot | feot | feet | feet | feet | feet | foet | feet | foet | feet | feet
°F | In. | In. . 3 . In,
8O 30| 45| 66| 9.
60| 6 |9
09 |13
6. JAan_. 30| 45| 65
60| 6 | 9
90| 9 |13
4| AN 30| 45| 65| 9.5/13.5|17 |20 |32 | 69|12 |. .. _..
60| 6 |9 (13 |18 [22 [25 |40 137 | [
0|9 |13 |18 |2¢ {28 (32 |48 | 90 |148| ..
2 | AN 30| 45| 65| 9.5}13.5[14 |16.5|245| 60| 86| 103 |....
60 6 | 9 [13 |18 [18 |20 |30 | 59| 98| 208 | ___
0|9 |13 |18 |24 [285|2 |37 | 69110222
1o A .. 30| 45| 65) 9.5(13.5|14 |165]2 44| 74| 163 | 362
60| 6 |9 |13 |18 |18 |20 |28 | 52| 8 |178| 380
0! 9 |13 |18 |24 |235|25 |34 | 61| 96|193| 3096
(I N T 30| 45| 66| 0.5/13.5|14 |165(23 41| 68| 146 | 316
60 6 |9 113 [18 |18 (20 |27 | 49! 790|159 1 335
0|9 |13 |18 |24 [235|25 [33 | 58 80|175| 353
00__....| All___. 30| 45| 65| 0.5|13.5|14 116.5|22 | 39| 62{125| 276
60 6 |9 |13 [18 |18 |20 (26 | 46| 72|140| 200
0|9 |13 |18 |24 |23.5|2 (32 | 54| 83|154
0000._..| Al ....| 30| 45| 66| 0.5/13.5|14 [1656]|2 | 37| 67| 113 22
60| 6 |9 [13 |18 (18 |2 |24 43( 661 246
0|9 |13 |18 |24 |235[2 |29 | 51| 76141 | 264
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Table 36.—Sags for Hard and Medium-Drawn Covered Copper Wire
for Different Span Lengths

[At 30, 60, and 90° F.—wires without load]
HEAVY LOADING DISTRICTS

Sags for span length of—
A %‘ G.| Grade tz{ construc- 'Il;%’i,"'_"
.W.G. o0
No. ature | yo9 ¢, | 125 ft. | 150 t. | 175 tt. | 200 ft. | 250 tt. | 300 ft.
°F. In, In, In, In, In. In, In,

: SRRSO I J PN 30| 15 23 36 .
60| 18 27 40 -
90| 21.5] 31 4 -

6. | A. 30| 15 23 36 |- --
60| 18 27 40 -
90| 21.5| 31 45 -

6 -| B. 30| 11 17.6 | 27 -
60| 15 22 33 -
90| 18 26 38 |- .

6 | C--. 30 85| 14 22 3L ————
60| 12 18 27 36 .
90| 15.56| 22.5| 32 40

4 I N | 30 85| 14 2.5 | 31 43 -
60| 12 18 27 36 48
90| 17 22.5 | 32 41 b4

Q| ANl (RN 30 86| 14 21.5| 23.5| 30 63 89
60| 12 18 27 3¢ 36 60 96
90| 17 22.6 | 32 36 42 67 103

1 - Al 30 8561 1356 21 23 27 4 72
60| 12 18 26 29 33 52 80
90| 15.56| 22.5| 31 34 39 59 87

0 -] Al 30 86| 13.6| 20.6| 22.5| 26 42 66
60| 12 18 26 28 32 49 72
90| 156 | 22.5| 31 34 38 56 82

00 ] AN 30 85| 135 20 22.56| 25 38 b7
60| 12 18 25 28 31 46 66
90| 16 22.6| 30 34 38 53 3

0000- ... Al . 30 85| 13.5( 185 21 24.5 31 43
60| 12 18 24 27 30 38 50
90| 16 2.6 29 33 36 46 59
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Table 36.—Sags for Hard and Medium-Drawn Covered Copper Wire
for Different Span Lengths—Continued

MEDIUM I.0ADING DISTRICTS

. Sags for span length of—
Size Grade of construc- T%!:}-
No. tion ature
* 100 ft. | 126 ft. | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft.
°F. In. In, In, In, In In,

8 | C. 30| 11.5| 18 29 JRO (R,
60 15 22 33 -
90| 18.5| 26 37 -

6__ A__. 30| 1.6 18 28 ...

60 [ 156 22 3 |-
90| 18.5| 26 37 .

6. B... 30 8.5 14 22 31
60 | 12 18 27 36
90| 15.5| 22 32 41

[ SR Y © JEP I, 30 7.5 11 17.5 | 26 c——-
60| 10 16 22 30
90| 13.5( 19 27 36

4_ All. - 30 7 1.5 17.5 | 24 b2 S IR SR,

’ 60| 10 15 22 30 o B P S,
80| 13.5| 19.5( 27 36 45 -

2__ All 30 7 1L51 17.6| 22.5 | 26 43 68
60| 10 15 22 27 32 50 76
90| 13.6| 19.5| 27 34 38 b7 83

j . All. 30 7 11 17 19.5( 23.5| 33 52
60| 10 16 22 25 29 39 60
90| 14 19.6 | 27 30 35 46 68

0-- AllL - 30 7 11 17,6 19.5 | 21.5| 30 46
60| 10 16 22 24 27 36 54
90 | 14 19.5 | 27 31 33 43 62

00 All__ 30 7 11 17 19 21 27 40
60 10 16 22 4 26 33 48
90| 14 19.6 | 27 30 32 40 56

0000 - - .. Al il 30 7 11 17 18 19 23.5 33
60| 10 15 22 23 24 29 40
90| 13.5| 19.5| 27 29 30 35 47
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Table 36.—Sags for Hard and Medium-Drawn Covered Copper Wire
for Different Span Lengths—Continued

LIGHT LOADING DISTRICTS

Sags for span length of—
A Size | Grade of construc- ’II‘,%‘:‘
* . on
o. ature | 100 ¢, | 195 ft. | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft.
\
°F. In. In. In, In. In, In. In.
8 C. 30| 85| 14 25| 31
€| 12 18 2 | 36
9| 1656| 25| 32 | 41
| T A eeeeeeeee 30| 85 14 2 |31
60| 12 | 18 27 | 38
90| 155| 226| 32 | 41
6 .| B. 0| 7 mws| 175 25 | 32
60| 10 | 15 22 |3 | 38
% | 13 9.5 27 | 36 | 44
[ I (o T 30| 6 9 14 19.5| 26
60 8 12 18 4 32
90| 11 16 226 20 | 38
4. All 30| 66| 9 14 19 | 28 -
60| 8 12 18 | 24 | 32
% | 1.6| 16 2 |3 |38
2. All 30| 65| 9 14 176 21 | 28 45
60| 8 12 18 | 22 2% | 34 52
90| 1.5 16 | 2 | 27 32 | 4 60
) I PN | I 0| 65| 9 13.5| 165 19 | 2 38
60| 8 12 18 | 21 2% | 31 45
0| 1.5| 16 | 8 | 26 30 | 38 53
[ AN 30| 65| 9 14 16.5| 18 | 2.6 3
60| 8 12 |18 |21 23 | 30 41
90| 1.5 16.5| 8 | 27 8 | 3 47
00--o.... JN| T 30| 55| 9 | 13.56| 16 175 | 3 31
60| 8 12 |18 |20 |2 |28 37
90| 1L6] 18 | 2B | 25 28 | 3 45
0000- - ... JN | T 30| 56| 85| 13.5| 16 16.5 | 20.5 27
60| 8 12 18 19 21 | 25 32
0| 11 6 | 238 | 45| 2 | 31 39

25804°—27—14
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Table 37.—Sags for Soft-Drawn Covered Copper Wires for Different
Span Lengths
[At 30, 60, and 80° F.—wires without load]
HEAVY LOADING DISTRICTS

Size Tem- Sags for span length of—
A.W.Q, Grade of construction pera-
No. ture | o015 | 1251t | 1601t | 1751t | 2001,
°F In, In. In, In, In,
6-- (o] 30 18 28
60 21 32 48
90 24 36 51
4.. A. 30 17.5 28 45
60 21 32 48
90 24 35 51
[ S Band Co...oooeacccccaceaaee 30 14.5 23 36
60 18 27 40
90 21.6 31 44
2.. A 30 14.5 23 36 49
60 18 7 40 54
90 21.5 31 4 58
2.l Band C.ooeacccaaanas 30 11 17.5 28 40 55
60 156 22 33 45 60
90 18.5 26 38 50 64
1. A 30 10.5 17.5 28 40 55
60 15 22 33 45 60
90 18.5 26 37 50 65
1o | Band Cooee oot 30 8.5 13.5 21.6 31 43
60 12 18 27 37 48
90 15.5 22.5 32 42 53
0-- All___ 30 8.5 13.5 20. 6 29 39
60 12 18 26 36 45
90 15.5 22.5 31 39 51
00---.-.- All_.. 30 8.6 13.5 20 28 36
60 12 18 25 33 42
90 16.6 22,6 30 38 48
0000- - ... All___ 30 8.6 13.5 18.5 4.5 30
60 12 18 24 30 36
90 16 22.5 29 36 42
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Table 37.—Sags for Soft-Drawn Covered Copper Wires for Different
Span Lengths—Continued

MEDIUM LOADING DISTRICTS

Size Tem- Sags for span length of—
A.W.G.| Grade of construction | pera-
No. tare | joott, | 125t | 150 ft. | 175 k. | 200 ft. | 250 ft.
°F. In. In. In, In, In. In.

6. [ 30 14.5 22 36 -
60 18 b14 40 oo
90 21 31 [ 7 SO N S I,

4 All 30 1 18 28 4 —
60 16 22 - N P I,
90 18.5 26 37 53 -

b Al s 30 85 13.5 22.5 31 43
60 12 18 27 36 48
90 16.5 22 32 41 53

1 All 30 8.6 13.5 20 28 36 53
60 12 18 25 33 42 60
90 15.5 2.5 30 38 48 67

0 All 30 85| 13.5| 19 25 33 47
60 12 18 4 31 39 54
90 15.5 22.5 29 37 45 61

00_...... Al eeaees 30 8.5 13.5 19 4.5 30 41
60 12 18 24 30 36 48
90 15.56 22,5 29 36 42 56

0000..._. Al eaen 30 8.5 13.5 18.5 4.5 30 41
60 12 18 24 30 36 48
90 16 2.5 29 36 42 55




188

Table 37.—Sags for Soft-Drawn Covered Copper Wires for Different
Span Lengths—Continued

LIGHT LOADING DISTRICTS

APPENDIX A

Sags for span length of—

Size Tem-
A.W.Q.| Grade of construction | pera-
No. ture | yo01t, | 1251t | 160t. | 175€t. | 2001t. | 250 1t
°F. In, In. In. In. In. In.

[ A 30 14 23 36 I IR,
60 18 27 40 -
90 21.5 31 4

[ F— Band C.....ooo...._ 30 11 17.5 29
60 16 22 33
90 18.5 26 37

4 All 30 8.5 13.5 20 26 36
60 12 18 25 32 42
90 16.5 22,5 30 37 47

2 e Al et 30 7 11 16 22 30 41
60 10 15 21 27 36 48
90 13.5 19.6 26 33 42 55

) D, Al 30 7 11 15 19.5 24 35
60 10 16 20 25 30 42
90 14 19.5 25 31 36 49

[ Al el 30 7 1 15.5 20 24.5 35
60 10 15 20 25 30 42
90 14 19.5 25 31 36 49

00. All 30 7 11 15 19.56 p3 35
60 10 16 20 25 30 42
90 14 19.5 25 31 36 49

0000..... . N ) PN 30 7 10.5 15.6 19.5 4 35
60 10 156 20 25 30 42
980 14 19.6 25 31 36 49




Table 38.—Tensions in Hard and Medium-Drawn Bare Copper Wire for Different Span Lengths

Corresponding to the Recommended Sags of Table 35
HEAVY LOADING DISTRICTS

Size Tensions for span length of—
AW.G Grade of con- | Conditions of load and
'Nd ‘ struction temperature N
: 100 ft. | 125 ft. | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft. | 400 ft. | 500 ft.
°F. Lbs. | Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.
8-. C. 30 no load o4 92 76
65 62
53 54
503 520
6-- A. 120
99
86
670
6-- B. 165 -
120 -
100
710
6- O. 165 125
120 110
100 96
710 740
4-- All 270 260 | 240 185 160
200 210 170 150
160 175 170 155 145
900 960 | 1,000 | 1,000 990
2 All 510 590 540 470 380 350
380 440 500 430 400 350 340
290 340 370 370 340 330
1,250 1,350 1 1,450 ) 1,550 | 1,550 | 1,600 1,600

YIddOD QYVH ¥0d SNOISNAL
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Table 38.—Tensions in Hard and Medium-Drawn Bare Copper Wire for Different Span Lengths
Corresponding to the Recommended Sags of Table 35—Continued

HEAVY LOADING DISTRICTS—Continued

Size Tensions for span length of—
AW.G Grade of con- Conditions of load and
"N o’ struction temperature
- 1001t | 1251t. | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft. | 400 ft. | 500 ft.
°F. Lbs. | Lbs. | Lbs. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.

1. All 580 520 650 740 820 730 670 540 490

380 400 470 560 630 600 580 510 470

270 300 370 430 500 500 520 480 450

1,200 | 1,250 | 1,450 | 1,600 | 1,700 | 1,800 | 1,900 | 1,900 1, 900

[+ S All et 730 720 820 930 | 1,050 970 950 760 710

480 500 600 700 800 790 790 710 670

340 380 460 540 630 660 690 650 630

1,400 | 1,500 | 1,650 | 1,850 | 2,000 [ 2,150 | 2,200 | 2,300 2, 250

00- All - 920 910 | 1,050 | 1,150 | 1,300 ( 1,300 | 1,300 | 1,050 960

600 630 750 880 | 1,000 | 1,050 | 1,100 950 910

430 480 580 680 790 930 880 850

1,700 | 1,750 | 1,950 | 2,150 | 2,350 [ 2,550 | 2,900 | 2,650 2, 650

0000- - ... All___ 1,450 | 1,450 | 1,650 | 1,850 | 2,050 | 2,300 | 2,500 | 2,100 2,000

960 | 1,000 | 1,200 | 1,400 { 1,600 | 1,850 | 2,050 [ 1,850 1,850

680 770 930 | 1,100 | 1,250 1,500 | 1,700 [ 1,650 1,700

2,500 | 2,500 | 2,800 3,100 | 3,350 | 3,750 | 4,100 | 4,000 4,150

061
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MEDIUM LOADING DISTRICTS

Tensi —
Size |Gradeof| Conditions of nsions for span length of
A.W. G. |construc-| load and tem-
No. tion perature 100ft. | 1261t. | 160 ft. | 175 ft. | 200 ft. | 260 ft. | 300 ft. | 400 ft. | 500 ft. | 700 ft. |1,0001t.
°F. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Zbs. | Lbs. | Lbs. | Zbs. | Lbs.
8o Coceeeee 30 no load 140 140 130
60 no load 94 97 94
90 no load 63 71 73
16 loaded. 330 360 39
LI Al 30 no load 20| 20| 200|200
60 no load.. 150 165 150 150
100 10| 15| 125 N
30| 40| 500| 54
PR Al 30| 360| 30| 32| 30| 30| 28| 20
240| 250 20| 240 240 280| 250 220
0| 180 18| 200 200 240 20| 200
580| 63| 60| 69| 70| 80| 80( 810
2ee Al .. 5.0 50| 10| bs50| eoo| eso| eso| 20| 540
380| 300| 3s0| 40| 460| 20| 40| 55| 600
260| 20| 300| 29| 370| 43| 47| 60| 470
80| 80| 90| 70| 1,00| 1,150 | 1,250 | 1,350 | 1,350
locomoens Al 720 70| es0o| 740| 80| 9s0| 1,000 80| ss0
40| 400| 40| 50| 60| 7e0| 'sso| 8%| 770
30| 60| 30| 42| 49| 60| 70| 70| 700
1,000 | 1,050 | 1,050 [ 1,150 | 1,300 | 1,500 | 1,650 | 1,700 | 1,700
R 910 90| 80| 90| 1,050! 1,300 1,450
60| 60| 60| 70| 's30| 1050 I
40| 450| 47| 40| es0| 830
1,200 | 1,250 | 1,250 | 1,450 | 1,550 | 1,850 | 2,080
[ — 1,150 | 1,150 | 1,060 | 1,250 | 1,400 | 1,750 | 2,000] 2
780 | ‘750 | 'e20| 1,100 | 1,400 | 1650 | 1,
510 570| 00| 720| ‘850 | 1,350 | 1,350 | 1,500 400
1,450 | 1,500 | 1,600 | 1,750 | 1,850 | 2350 | 2650 | 2,850 2,850

YIddOD QUYVH d0d SNOISNIL
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Table 38.—Tensions in Hard and Medium-Drawn Bare Copper Wire for Different Span Lengths
Corresponding to the Recommended Sags of Table 35—Continued

MEDIUM LOADING DISTRICTS8—Continued

Size |Gradeof| Conditions of Tensions for span length of—
A.W.G. [construc-| load and tem-
No. tion perature 1001t. | 1251¢. | 150 ft. | 1751t. | 200 ft. | 250 ft. | 300 ft. | 400 ft. | 500 ft. | 700 ft |1,0001t.
°F. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.

0000-- - - Al 30noload. ... 1,800 | 1,800 | 1,650 | 2050 | 2,400 | 3,150 | 3,800 | 3,800 | 3,650 | 3,350 | 3,150
60noload. ... 1200 1,250 | 1200 | 1,550 | 1,800 | 2,500 | 3,200 | 3,200 | 3,150 | 3,050 | 3,000
90 noload. ... 810 | '000| 'o40| 1,200 | 1,400 2,000 | 2,600 | 2700 | 2,750 | 2,750 | 2,850
15 loaded. ... 2,250 | 2,300 | 2,250 | 2,700 | 3,000 | 3,800 | 4,500 | 4,650 | 4,700 | 4,700 | 4 700

LIGHT LOADING DISTRICTS

S, [ o 30noload_ ... 180 180 175 150 |ooooofoeaaos
60noload..__... 125 130 130 115 |
90noload....... 82 91 94l 90 |___._|--o- -
30 loaded.___.... o10| 220| 280| 220 |IIITIIII[IIIIIIC

I Al 300 load. - 280 | 290 270
60noload._...__. 200 210 210 200
90 noload....... 130 145 150 155
30 loaded. ... 310 34| 30| 3%

I Al 300 load._.... 450 | 460 | 450 40
60 o load..__... 320| 33| 33| 32 380
90 no load. ... 210| 20| 20| 210 340
30 loaded.. ... 10| 50| B10[ 510 630

PR Al 30noload...... 70| 70| 70| es0| 8wl 1,150 L,100| 90| 870
60mn0load...... 510| 52| 50| 60| 60| '940| ‘00| 80| 770
90noload ... 330 | 37| 38| 30| 10| 70| 70| 700
30 loaded....-... 750! 70| 70l 70 1,200 1,250 | 1,150 | 1,150

c61
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FOR HARD COPPER
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APPENDIX A

Table 39.—Tensions in Hard and Medium-Drawn Covered Copper
Wire for Diff erent Span Lengths Corresponding to the Recommended
Sags of Table 36

HEAVY LOADING DISTRICTS

Tensions for span length of—

Size Grade of Conditions of
. .| construc- load and tem-
No. tion perature | 1001y {1251t | 1501¢. [ 175 1t. | 200 8¢, | 250 tt. | 300 £t
° Lbs, | Lbs, | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.

- JOR—— [ 6. 30 no load....... 77 7 72 |aceceee ———-
60no load.__.__. 62 65 63 -
80 no load...____ 54 58 59 N
0loaded.....___. 470 520

6 A 30noload_...... 115 116
60 no load..___.. 94 98
90 noload.__.__. 81 87
0loaded.-._..._.. 580 640

6. B 30noload.._.... 155 155
60noload..._._. 110 120
90noload..._.._. 94 105
0loaded...._._.. 600 680

[ T [ O 2 30noload....._. 195 190
60noload..__._. 140 145
90noload. ... 108 120
0loaded..._.._.. 640 710

[ S All...____. 30noload....__. 270 280 260 240
60noload..__... 210 210 210 210
90 no load._____. 155 170 175 185
0loaded...__._.. 820 900 950 | 1,000

[ J— Al 30noload._.._.. 430 440 410 500 460
60noload....... 330 340 330 400 430 410 370
90 no load.._.... 250 270 280 340 380 370 320
0loaded......... 1,100 | 1,150 | 1,200 | 1,350 | 1,500 | 1,550 | 1,500

) R All.__ ... 30noload. ... 560 540 510 630 710 660 590
60noload__...._ 400 410 410 500 570 570 540
90 no load....... 310 330 350 430 490 510 490
0loaded...._.... 1,200 { 1,300 | 1,350 | 1,550 [ 1,700 { 1,700 | 1,850

(| M. AllL______. 30noload......_ 710 690 670 820 930 910 870
60mnoload.._.... 510 530 530 660 750 780 770
90noload._._.... 390 430 450 550 630 680 680
0loaded...._.... 1,450 | 1,550 | 1,600 | 1,850 | 2,000 | 2,050 | 2,200

(11 M All___.._. 30noload.._.... 890 860 840 | 1,000 | 1,200 | 1,200 | 1,200
60noload._...... 630 650 680 830 970 | 1,000 | 1,050
90 no load....... 480 520 570 680 810 890 910
0loaded........_ 1,700 | 1,800 | 1,850 | 2,100 | 2,350 | 2,500 { 2,600

0000.._.. AllL____.. 30noload....... 1,350 | 1,350 | 1,400 | 1,650 | 1,850 | 2,250 | 2,450
60 no load___._.. 960 | 1,000 | 1,100 | 1,300 | 1,550 | 1,900 | 2,050
90 no load._.._.. 730 810 920 | 1,100 | 1,300 | 1,600 | 1,750
0loaded.........| 2,460 | 2,500 | 2,650 | 3,000 | 3, 3,850 | 4,200
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Table 39.—Tensions in Hard and Medium-Drawn Covered Copper
Wire for Different S&an Lengths Corresponding to the Recommended

Sags of Table 36—

ontinued

MEDIUM LOADING DISTRICTS

Tensions for span length of—

Size Grade of Conditions of
A.W.Q.| construc- | load and tem-
No. tion perature 100 ft. | 125 ft. | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft.
Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
8 C 89
(28 SRR EII FIIPOIN N
69
390
6. A 135
115 |..
1056 S
480
[ SO B 170 170
140 145
120 130
520 550 -
6. C 210
170 176
140 150
560 590 |
[ S All....._. 320 290 300
250 250 250
210 210 220
710 750 780
2 ooeo- All.._..._ 510 530 600 520
440 490 490 470
330 360 410 430 430
950 | 1,050 | 1,150 { 1,200 | 1,200
1. All_. 620 750 820 900 830
490 580 660 760 710
300 480 540 630
1,100 | 1,250 | 1,350 | 1,550 | 1,550
[ N All.._..... 790 950 | 1,100 | 1,250 | 1,200
620 710 1,050 | 1,000
510 610 890
1,300 | 1,500 | 1,700 | 1,950 | 1,950
00.... ._ AllL..__.__ 990 | 1,200 | 1,450 | 1,750 | 1,650
770 1,150 | 1, 1,400
950 | 1, 1, 200
1,500 | 1,750 | 2,000 | 2,360 | 2,400
0000- ... All........ 1,500 | 1,950 | 2,400 | 3,050 | 3,100
1, 1, 1,900 | 2,450 | 2,600
970 | 1,260 | 1,550 | 2,100 | 2,200
2,150 3,150 | 3,750 | 3,950
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Table 39.—Tensions in Hard and Medium-Drawn Covered Copper
Wire for Different S(gan Lengths Corresponding to the Recommended
Sags of Table 36—Continued

LIGHT LOADING DISTRICTS

. .
Size Grade of Conditions of Tensions for span length o
A.W.Q.| construc- load and tem-
No, tlon perature lyo0¢y f105ft. (1501¢. [175ft. |2001t. | 250 ft. | 300 ft.
! °F, Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
8 C.... 30noload.._.... 130 125 1&2 1%2 .....................

(| I Al 1,050 | 990 | 1,100 | 1,350 | 1,550 | 1,600
790 | 750 | 890 | 1,050 | 1,250 | 1,350
500 700 1,050 | 1,160
1,200 | 1,150 | 1,300 | 1,550 | 1,750 | 1,850
00 —-oo- All__..... 1,360 | 1,250 | 1,450 | 1,700 | 2,050 | 2,150
900 | '940 | 1,150 | 1,350 | 1,650 | 1,800
730 | 740 | ‘900 | 1,100 | 1,350 | 1,550
1,450 | 1,400 | 1,650 | 1,900 | 2,250 | 2,400
0000..__... Allo_..... 2,100 | 1,900 | 2, 2,750 | 3,500 | 3,850
1 1,450 | 1,850 | 2, 2,850 | 3,200
1,100 | 1,150 | 1,450 | 1,750 | 2,350 | 2,700
2,200 | 2,050 | 2,500 | 2,900 | 3,700 | 4,050
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Table 40.—Tensions in Soft-Drawn Covered Copper Wire for Different
Span Lengths Corresponding to the Recommended Sags of Table 37

HEAVY LOADING DISTRICTS

Siz Tensions for span length of—
A.W.G.| Gradeof | Conditions of load and
. N 6 * | construction temperature
g 100 ft. | 125 ft. | 150 ft. | 175ft. | 200 ft.
°F. Lbs. Lbs. Lbs. Lbs. Lbs.
6. C. 30 no load 97 94 87
82 85 80
71 76 75
540 500 610
4 .. A 140 140 125
120 120 115
105 115 110
0loaded... 670 710 720
[ S, Band C....| 30noload._. 175 165 155 .-
60 no load. .. 140 145 140
80mnoload. ... ... 116 130 130 .
0 loaded... 720 770 800
2. Ao 30mnoload ... 280 270 250
60 no load 220 230 220
80 noload... ... 185 200 200
loaded...._. 900 970 970
2 een Band C..._|30noload._..._....____. 350 350 310
260 280 270
240 240
1,050 | 1,100
430 380
340 330
260 200
1,200 | 1,200
Band C.... 540 490
410 400 400 400
330 340 350 360
1,300 | 1,350 | 1,400 1,450
690 670 630 630
530 530 530 540
430 450 480 480
1,550 | 1,600 | 1,600 1,700
00 -] Al 30 no load 890 860 850 840 840
850 680 700 720
520 570 600 640
1,800 | 1,850 | 1,900 2,000
0000._.. . 1,350 | 1,400 | 1,450 1, 550
1,000 | 1,100 [ 1,200 , 300
810 900 | 1,000 1,100
2,500 | 2,600 | 2,750 3,000
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Table 40.—Tensions in Soft-Drawn Covered Copper Wire for Different
Span Lengths Corresponding to the Recommended Sags of Table
37—Continued

MEDIUM LOADING DISTRICTS

Size

Grade of

Tensions for span length of—

Conditious of load
A. W.G.|construc-
and temperature
No. tion 100 tt. | 125 ft. | 150 ft. | 175 ft. | 200 ft. | 250 ft.
°F. Lbs, | Lbs. | Lbs. | Lbs Lbs Lbs.
[ S [ O 30noload.......___. 120 120 105 -
60 no load. 95 99
90 no load.. 80 88
151loaded_....._._._. 380 420
[ S Al 30noload._.....___. 220 220
60 no load. 165 175
90 no load. 135 145
15loaded._.......... 530 580 580
2 eeee All 30 no load 450 450 390 370
60noload...._._.._. 330 340 330 330
90 no load. 250 280 200 300
15 loaded.. 800 850 900 880
) SR All.____. 560 540 540 530 530 560
400 410 430 440 450 500
330 360 380 400 450
970 | 1,050 | 1,050 | 1,100 1,200
[ I All____. 690 720 730 740 810
530 560 600 620 700
430 470 510 540 630
1,150 | 1,250 | 1,300 | 1,350 1, 500
(1, R, All__.__ 30noload-_......__. 860 900 950 | 1,000 1,150
60 no load. 650 700 770 840 980
90 no load- - 520 590 650 720 860
161oaded. .. ___ 1,350 | 1,400 | 1,500 | 1,650 | 1,850
0000..... All__._. 1,350 | 1,400 | 1,450 | 1,550 1,750
1,000 | 1,100 | 1,200 | 1,300 | 1,500
810 600 | 1,000 | 1,100 1,300
1,900 | 2,000 | 2,100 | 2,150 2,450
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Table 40.—Tension in Soft-Drawn Covered Copper Wire for Different
S'})anCLeggthstorrespondmg to the Recommended Sags of Table
—Continue:

LIGHT LOADING DISTRICTS

Size
A W.QG.
No.

Grade of
construc-
tion

Conditions of load
and temperature

Tensions for span length of—

125 ft. | 150 ft. | 175 ft.

200 ft.

Band C.

Lbs.

Lbs.




Table 41.—Stresses in Hard and Medium-Drawn Bare Copper Wire for Different Span Lengths
Corresponding to the Recommended Sags of Table 35

HEAVY LOADING DISTRICTS

Stresses for span length of—
Size Grade of | Conditions of - br or span length o
A.W.Q. | construc- load and
No. tion temperature | yoo 1¢ | 195 ¢, | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 ft. | 400 ft. | 600 ft. | 700 ft. | 1,000 ft.
°F. Lbs.[in.2| Lbs.[in.?| Lbs./in.3| Lbs./in.3| Lbs./in.?| Lbs./in.?| Lbs./in.}| Lbs./in.?| Lbs./in.2| Lbs./in.}| Lbs./in.3
8eeeeea Coceeeeeee 30 no load..... 7, 7,150 | 5,900 |- - -
60 no load-.... 4,800 | 5, 3701 J PR SRR AN BRI SV AR R EUU
90 no load..... 4,100 [ 4,150 | |aeeom e e femcee e mmcc e e e e e |
0loaded....... 34,100 , 40,250 |... -
[ . Ao 30 noload._._. 7,200 | 7,150 | 5,900 |- oo |oceoooo|emaaaoo-
60 no load._... 4, 5, 4, 800 -
90 no load._._. 3,600 | 4,100 | 4,150 [ PRI PRI SN (ARSI SN MU EO.
0loaded.....__ 27,400 | 30, 500 | 32,350 - PRSI S
[ B 30no load..... 8,800 | 8,700 | 8,000 |-_.__ N PRSI AN (R
60 no load._._. 5, 800 ,000 | 5,900 ... [ RPN AU, -
90 no load._.... 4,100 | 4,650 | 4,850 |- |occooooo|eceeofio P O, -
0loaded....__. 31,750 | 34,400 | |ememooo oo e faeaae
6ececace| Coemee 30noload._... 8,800 | 8,700 | 8,000
60 no load_.._. 5,800 [ 6,000 | 5, 900
90 no load..... 4,100 | 4,650 | 4,850
0loaded....... 28,400 | 31,750 | 34,400
4. . ..... Al 30no load.-..._| 8,800 | 8,700 | 8,200
60 no load..... 5,800 | 6,000 6,150
90 no load..... 4,100 | 4,650 | 4,950
0loaded....... 22,700 | 25,700 | 27,400
b A All..__.._. 30 no load. 8,800 | 8,700 | 9,850
’ 60 no load 5,800 | 6,000 , 200
90 no load 4,100 | 4,650 , 600
0 loaded.. 19,400 | 21,000 | 23,650

002
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) PRI . 8,700 | 9,850 { 11,200 | 12,400 | 11,150 | 10,250
6,000 | 7,200 | 8,400 ,600 | 9,100 | 8,850
4, 650 600 | 6,450 | 7,600 { 7, 7, 850
19,250 | 21,700 | 24,000 | 26,000 | 27, 500 | 28, 700
0.cevavere 8,700 | 9,850 | 11,200 | 12,400 | 11,700 | 11,400
6,000 | 7,200 | 8,400 , 600 h 9, 500
4,650 | 5,600 | 6,450 | 7,600 | 7,900 | 8,250
18,200 | 20, 22,200 | 24,150 | 26, 26, 800
8,700 | 9,850 | 11,200 | 12,400 | 12,400 | 12, 500
6,000 [ 7,200 | 8,400 | 9,600 | 10,000 | 10,400
4,650 | 5600 | 6,450 | 7,600 | 8,150 | 8 950
16,800 | 18,800 | 20,800 | 22, 24,200 | 27, 600
0000.-... 8,700 | 9,850 | 11,200 | 12,400 | 13,850 | 15,100
6,000 | 7,200 | 8,400 [ 9,600 | 11,250 | 12,350
4,650 | 5600] 6,450 [ 7,600 | 9,050 | 10,350
15,100 | 16,900 | 18, 600 | 20, 100 700 y
MEDIUM LOADING DISTRICTS
- ISP 10,850 | 9,850
7,600 | 7,200 -
5,450 | §,650
f 30, 200
[ SR 10,850 | 9,850 9,600
7, 7,200 [ 7,400 |........
5,450 | 5,660 | 6,
22,700 | 24,400 | 26,000 | .. ooo|oaeaaon
[ SO 10,850 | 9,850 | 9,600 | 9,250 | 10,450 | 8,650 | 6,950
7,600 7,200 | 7,400 | 7,250 7,600 | 6,600
5,450 | 5,650 000 | 6,050 | 7,250 | 6,850 [ 6,250
19,300 | 20,150 | 21,300 050 25,050 | 24,700
f S 10,850 { 9,850 | 10,650 | 11,450 | 12,400 | 12,550 | 11,900 | 10,400 | 9,190 |........
7,600 | 7, 8,000 | 8,900 ( 10,000 | 10,300 | 10,500 | 9,650 | 8,800 |_..__...
5,460 | 5,6 5650 | 7,000 | 8,150 | 8,950 | 8,000 | 9,000 | 8,600 |........
16, 17,150 | 18,600 | 20,200 | 22,400 , 950 | 26,000 | 25,750 | 25,500 |..._....
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Table 41.—Stresses in Hard and Medium-Drawn Bare Copper Wire for Different Span Lengths
Corresponding to the Recommended Sags of Table 35—Continued

MEDIUM LOADING DISTRICTS—Continued

Size | Gradeof | Conditions of Stresses for span length of —
A.W. G.| construc- load and
No. tion temperature | yo0 ¢ | 1951t | 160 ft. (1752t | 200 ft. | 260 ft. | 300 ft. | 400 ft. | 500 ft. | 700 ft. | 1,000 ft.
°F. Lba.in.2| Lbs,/in.3| Lbs./in 2| Lbs./in.3| Lbs./in.3| Lbs/in.3| Lbsin.4 Lbs./in.t| Lbs.fin.}
oo Al 30 no load..... 10,900 | 10,850 | 9,850 | 11,250 | 12,700 | 14,500 15,900 | 14,950 | 12,950
60 no load..... 7,250 | 7, 7,200 | 8,350 | 9,600 | 11,550 12,900 | 12,850 | 11,700
90noload———-| 4800 | 5450 | 5650 | 6,450 | 7,500 | 9,350 | 10,700 | 11,200 | 10,700
15 londed. .| 15,050 | 15,900 | 16,200 | 17,900 | 19, 500 | 22,700 | 24,900 | 26,250 | 25,800
Ouomemeec| AL 30 no load. ... 10,900 | 10,850 | 9,850 | 11,350 | 12,900 | 15,550 | 17,600 | 17,150 | 15,250
60 no Joad--... 7250 | 7,500 | 7,200 | 8 600 | 10,000 | 12,400 | 14,200 | 14, 500 | 13,300
90 no load__-_. £900| 5450 | 5650 [ 6500 | 7,850 | 10,000 | 11,800 | 12; 500 | 12,000
15loaded.._-. 14,600 | 15,250 | 15,300 | 17,200 | 18,900 | 22,050 | 24,650 | 26,350 | 25, 600
00ee. 9,850 | 11,750 | 13,550 | 16,900 | 19,200 | 16,750 | 17,850 | 16,000 | 14,750
7,200 | '8,800 | 10,450 | 13,300 | 15,650 | 16,750 | 15,700 | 14,800 | 14,100
5650 | 6900 | 8150 | 10,800 | 12,750 | 14,300 | 13,900 | 13,850 | 13,
14,600 | 16,550 | 18,750 | 22,400 | 25,250 | 27,300 | 27,250 | 27,300 | 27,
0000_____ Al ... 30 noload..... 10,900 | 10,850 | 9,850 | 12,250 | 14,300 | 18,850 | 22,800 | 22,750 | 21,850 | 20,250 | 19,050
80 no load 7250 | 7,500 | 7,200 | 9,250 | 10,050 | 15,000 | 19,150 | 19,200 | 18,900 | 18,300 | 18,000
90 no load 4,900 | 5,450 | 5,650 7,150 500 | 12,000 | 15,650 | 16,200 | 16,400 16, 650 17,050
15 loaded. 2| 13,550 | 14,000 | 13,500 | 16,300 | 18,000 | 22,850 | 27,150 | 28,000 | 28,200 | 28,200 | 28,450

a0g
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LIGHT LOADING DISTRICTS

8. -.| C. 30 no load 14,000 | 13,550 | 11,750
10,000 | 9,950 | 8,800
7,250 | 6,900

--| 6,300 7,000
...... 17,150 | 17,950 | 17,250

14,000 | 13,550 | 13,000 | 12, 450 -
10,000 | 9,950 ( 9,800 [ 9,600

7,000 7,450 | 7,600
16,350 | 16,600 | 16,750 | 17,000

14,000 | 13,550 | 13,000 | 13,600 | 18,000 | 15,850 | 13,400 | 11, 500
lg,% 9,950 | 9,800 lg:% 14,400 | 12,950 | 11,550 | 10, 500

) 9,
15,350 | 15,600 ( 15,600 | 16,500 | 21,200 | 20,250 | 19,400 | 18,700

L DN

bR

) PO

[ I,

60 no load
90 noload..... , 000 ),
30 loaded...._. 14,350 | 14,400 | 14,100 | 17,400 | 22,700 | 25,000 | 25,250 | 25,450 | 26,

0000 --.f All........ 30 no load 14,000 | 13,550 | 13,000 | 16,600 | 21,900 | 25,700 | 25,150 | 25,250 25,% 25, 600

14,300 | 17,850 | 18,150 | 18,850 | 20,000 | 21,850
22, 28, 550

YEII00 QUVH HOd SASSTULS
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ire

for Different Span Lengths Corresponding to Recommended Sags

Table 42.—Stresses in Hard and Medium-Drawn Covered Copper W
of Table 36

HEAVY LOADING DISTRICTS
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Table 42.—Stressesin Hard and Medium-Drawn Covered Copber Wire
for Different SCpan Lengths Corresponding to Recommended Sags
of Table 36-—Continued

MEDIUM LOADING DISTRICTS

Size Grade Conditions Stresses for span length of—

A-W.G. ofoon- | of load and
0.

tion | teraperature | yo0 ¢ | jos gy | 150 ft. | 175 ft. | 200 ft. | 250 ft. | 300 t.

°F. Lbs./in.3| Lbs.[in.2| Lbs./in.3| Lbs.[in.2|Lbs./in.2| Lbs.[in.2| Lbs.[in.3
- JU I & . 30noload._.| 7,600 | 7,600 | 6,860
60noload._.| 5,800 | 6,200 | 5,900 | .oooooofecocmooo]omooooo|iooooolo

90 no load.._| 4,700 | 5,250 | 6,300 RSN R,
15 loaded.._.| 25,500 | 31,000 | 30, 050 -
6--eoe-..|] A._..__| 30n0load.__| 7,200 | 7,200 | 6.500 -
60noload-..| 5,500 | 5,850 [ 5,600
90 no load-_.| 4,500 | 4,950 ( 5,000 ——
15 loaded..__| 20,400 | 22,400 | 23,200
6-cceee--| B._.._..|30n0l0ad.__| 9,500 [ 9,200 | 8,300 [ 8,250
60noload.__| 6,850 | 7,150 | 6,850 | 6,850
90noload-._| 5,250 | 5,850 [ 5,800 | 6,200
15 loaded.-.._| 21,850 | 24,000 | 25,350 | 26, 800
6| Col 30 no load._.| 11,350 | 11,350 | 10, 500 | 10,150
60noload-__| 8,250 | 8,500 | 8,300 | 8400
90 no load-..| 6,050 | 6,650 | 6,900 [ 7,150
15 loaded.-..| 23,200 | 25,500 | 27,250 | 28, 800
4 .| Al.___. 30 no load-..| 10,700 | 10,400 | 9,700 | 8,800 | 9,150
60noload-..| 7,600 [ 7,800 | 7,700 | 7,600 | 7,700
90 noload...| 5,500 | 6,160 | 6,350 | 6,600 | 6,750
15 loaded--_.| 19,000 | 20,900 | 21,900 | 22, 850 | 24,060
2| Al 30 no load-..| 10,700 | 10,400 { 9,700 | 10,100 | 11,500 | 10,750 | 9,900
60noload.-..| 7,500 ( 7,800 | 7,650 | 8,500 | 9,400 [ 9,350 | 8,950
g0noload-..| 5,600 | 6,150 [ 6,350 | 6,800 | 7,900 , 250 8,200
16 loaded.___| 16,700 17,750 | 18,200 | 19,750 | 21,650 | 22,800 | 22,750
1......| All.___.] 30noload...| 10,150 | 10,250 | 9,400 | 11,350 | 12,400 | 13,650 [ 12,600
60noload.__; 7,200 | 7,500 | 7,400 { 8, 9,950 | 11,500 | 10,850
90 noload._.| 5,250 [ 5,900 ( 6,000 | 7,300 | 8200 | 9,750 9, 600
16 loaded--__| 15,500 | 16,500 | 16,700 | 18,800 | 20, 800 y 23,
Oaee_..| All...__ 30 no load-..| 10,500 | 10,250 | 9,500 | 11,400 | 13,400 | 15,250 | 14,300
60 noload-..| 7,300 | 7,600 | 7,500 | 8,500 | 10,800 | 12,700 | 12,250
90noload...| 5,300 | 5850 ( 6,100 | 7,300 | 8850 | 10,600 | 10,750
15 loaded....| 14,850 | 15,600 | 15,600 | 18,300 | 20, 200 | 23, 250 3
00...____| All.____ 30 no load-..| 10,150 | 10,250 | 9,400 | 11,550 | 13,800 | 16,500 | 15,900
60noload._.| 7,200 | 7,500 | 7,400 | 9,150 | 11,050 | 13,500 | 13,450
90 noload...| 5,250 [ 5,900 | 6,000 | 7,500 | 9,100 | 11,300 | 11,650
15 loaded....| 14,300 | 14,750 | 14,500 | 16,900 | 19,350 | 22,750 | 23,200
0000. ... Al 30 no load...| 10,100 | 9,900 | 9,150 | 11,700 | 14,550 | 18,300 | 18,800
60 no load...| 6,950 [ 7,150 | 7,150 | 9,250 | 11,450 | 14,850 | 15,500
90 no load-..| 5,050 | 5,550 | 5,800 | 7,450 | 9,250 ( 12,100 | 13,250
15 loaded....{ 18,150 | 13,450 | 13,100 | 15,800 | 18,900 | 22,700 | 23,
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Table 42.—Stressesin Hard and Medium-Drawn Covered Copper Wire
for Different Span Lengths Corresponding to Recommended Sags

of Table 36—Continued
LIGHT LOADING DISTRICTS

size | 8rade | congitions

Stresses for span length of—

A V.G, ofoon- | of load and
0.

tion | temmPerature | yoq g | o5 fr, | 150 ft. | 175 ft. | 200 ft.

300 ft.

- SO C...... 30 no load- ..

°F Lbs./in.3| Lbs./in3| Lbs./in3| Lbs./in.2| Lbs./in.}| Lbs./in.}
50 760 750

Lbs./in.?

60 no load...
90 no load.-..

30 loaded....

[ T Ao 30 no load-_.

60 no load._.

90 no load.._.

30 loaded....

[ - B...... 30 no load...
60 no load.-..
80 no load...| 6,350
301oaded....| 16,450

[ R C...... 30 no load...| 14,200
60 no load.._| 10,300
90 no load...| 7,450

30 loaded....| 18,350

4o o All.._.. 30 no load.-..| 13,200
60 no load.._| 9,400 500
$0noload.__| 6,600 7,300 | 6,860 | 7,760 | 8,000
30loaded.___.| 16,300 | 17,250 | 17,500 | 18,450 | 18, 900
2 e Al 30 no load._..| 13,200 | 13,0560 | 12,000 | 13,200 | 14, 250

60noload__.| 9,400 | 9,750 | 9,350 | 10,300 | 11,450
90 noload-..| 6,600 | 7,300 | 6,850 | 8,300 | 9,350
301oaded._.._| 14,800 | 15,600 | 15,500 | 17,150 | 18, 500

) D, All_... 30 no Joad.__.| 12,800 | 12,800 | 12,000 | 13,600 | 15,300
60noload._.! 9,100 [ 9,450 | 9,050 | 10,600 | 12, 000
90 no load...| 6,300 | 7,000} 7,150 | 8,600 | 9,750
30 loaded... .| 14,000 | 14,600 | 14,400 | 16,400 | 18, 000

Ooeeee oo All.. 30 no load.._| 12,950 | 12,800 | 11,900 | 13,550 | 16,000
60noload_..| 9,200 | 9,500 9,050 | 10,700 | 12,750
80 noload...| 6,450 | 7,100 [ 7,150 | 8,500 | 10,300
30loaded....| 14,050 | 14,400 | 14,100 | 16,000 | 18,450

00......- All___. 30 no load...| 12,800 | 12,800 | 11,750 | 13,900 | 16,350
60 no load 9,100 | 9,450 | 9,000 { 10,950 | 13,000
90 no load 300 | 7, 7,050 10, 400
30 loaded.. 13,350 | 13,850 | 13,350 | 15,650 | 18,

0000.. ... All.....1 30 noload...| 12,850 | 12,500 | 11, 5560 | 14,500 | 16,650

60 no load...| 8,650 | 9,050 | 8 700 | 11,100 | 13,000
90mnoload...| 6,250 [ 6,700 | 6,850 | 8,700 | 10,400
30 loaded....| 13,000 | 13,360 | 12,350 | 15,150 | 17, 600
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Table 43.—Stresses in Soft-Drawn Covered Copper Wire for Different
Span Lengths Corresponding to the Recommended Sags of Table 37

HEAVY LOADING DISTRICTS

Stresses for span length of—
Size Conditions of
A W.G gﬁ;}iﬁu‘é‘. load and tem-
No. perature
tion 100 feet. | 125 feet. | 150 feet. | 175 feet. | 200 feet.
° F. Lbs.[/in | Lbs./in.} | Lbs.fin.? | Lbs./in.3 | Lbs./in.?
i S C. 30 no lo: 4,71 4, 550
60 no loa: 3,950 4,100 3
90 no loa 3,400 3,700
0loaded._.._..._| 26, 28, 550
4,350 4,
3, 600 3,750
3,150 3,450
20, 400 21,600
5,300 5,100
200 4,400
3, 550 3,900
21,850 | 23,500
5,300 5,100
60 no load. 4,200 4,400
90 no load. 3, 550 3, 850
0loaded... 17,300 18, 500
2 caan B and C..| 30 no load.- 6, 650 6,700 5, 500
60 no load_ 5,050 5,350 5,150 5,150 5,000
90 no load_______| , 050 4, 500 4, 560 4,700 4,700
0loaded.._...__| 18,750 | 20,300 , 800 21, 500 21,750
b DR, Aol 30 noload_...___| 6, 500 6, 500 5,800 5,550 5,300
60no load._._..__| 4, 800 5,150 4,950 4, 950 4, 850
90 noload._._..__ 3,900 4,400 4,400 4,500 4, 500
Oloaded.__...___ 17,050 | 18,400 | 18,550 18, 850 18,950
) P Band C..]30noload-___... 8, 5560 8,200 7, 500 7,050 6, 850
60 no load_ 6, 000 6,250 6, 050 6,000 6, 000
90 no load_ 4,650 5,000 5, 200 5,300 5, 500
0loaded.._...._| 18,800 | 20,100 | 20,500 | 21,300 21, 800
[ All........ 30noload_...___| 8, 600 8,350 8,050 7,660 7,500
60 no load. 6,150 6,350 6,450 6,400 6, 500
90 no load._ 700 5,150 5,400 5,750 5,800
Oloaded_........ 18, 500 19, 000 19, 600 20, 250
8,200 8,100 8, 000 8, 000
6, 250 6, 500 6, 650 6, 850
5,000 5,450 5,750 6,100
0loaded.. 17,000 17,750 18,300 19, 000
0000.. ... Al 30 no load 8,100 8,350 8,700 9, 250
6,100 6, 550 7,150 7,650
4,850 5,450 6, 000 6, 550
15, 000 15, 700 16, 600 8, 000
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Table 43.—Stresses in Soft-Drawn Covered Copper Wire for Different
Sgan Lengths Corresponding to the Recommended Sags of Table
37—Continued

MEDIUM LOADING DISTRICTS

Size | Grade of | Conditions of St for span length of—

A.W. G.|construc- load and

0. | tion | temperature |04 feqt | 125 feet | 150 feet | 175 fect | 200 feet | 250 feet
°F Lbs.[in.2| Lbs.[in.?| Lbs.[in.3| Lbs.[in.3| Lbs.[/in.3| Lbs./in.2
6 C. 30 no load.- 5,760 5,150 - -

60 no load
90 no load
15 loaded.

[ S All_____ 30 no load. 6, 650 6, 700 6, 000 5,250
60 no load 5,050 5,350 5,150 4,800
90 no load 4,100 4, 550 4, 4,350
15 loaded 16,300 | 17,850 | 18,000 | 17,800
2 eemees| Al 30 no load. 8,700 8, 550 7,500 7,500
60 no load 6, 250 6, 500 6, 250 6,400
90 no load 4,800 5,300 5,300 5, 650
15 loaded 15,300 | 16,300 | 16, 17,150
) P All......| 30 no load_ 8, 550 8,200 8,200 8,000 8,000 8,
60 no load 6, 6,250 6, 6,750 6, 850 7,650
90 no load 4,650 5, 000 5, 550 5,750 6,100 6, 850
15 loaded 14,000 | 14,800 | 16,200 | 16,200 | 16,750 18, 250
0. All 30 no load- 8, 8,350 8, 650 8, 800 8,900 9, 750
60 no load 6,150 6, 6, 800 7,250 7,500 8, 500
90 no load , 700 5,150 5,700 6,150 6, 500 7,550
15 loaded. 13,350 3 14,850 | 15,400 [ 16,000 17,800
0....... All...__. 30 no load. 8,200 8, 550 9, 050 9, 750 10, 900
60 no loa 6, 250 6, 750 7,350 8, 9,400
90 no loa 5,000 5, 6, 250 6, 85 8, 200

Q000 -... All...... 8,100 8,300 8,700 9,300 10, 550
6,100 6, 550 7,100 7,700 , 050
4,850 5,460 , 000 6, 7,900
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Table 43.—Stresses in Soft-Drawn Covered Copper Wire for Different

Span Len,

37—Continued

gths Corresponding to the Recommended Sags of Table

LIGHT LOADING DISTRICTS

f length of—
Size | Grade of | Conditions of Stresses for span length o
A.W.Q. | construe-| 1 and tem-
No. tion perature | 100 feqt, | 125 feet, | 150 feet | 175 feet | 200 feet | 250 feet
in.d |Lbs./in.3 |Lbs./in3 |Lbs./in.2 |Lbs./in.3 |Lbs./in?
6 A 5,750 | 5,700 | 8,150 |-~ O
4800 | 4,700
4250 | 4
12,800 | 13,000
Beeeocann BandO. 7,300 | 6,450
5900 | 5650
5,000 | 5,000
14,600 | 14,600
b Al 8,500 | 8400 8 650
6,600| 680 7150
5300 | 5700 6 250
13,700 | 14,400 | 15,500
2 All 10,500 | 10,350 | 10,500
7800 | 7,950 | 8,500
6,050 | 6,500 | 7,000
13,500 | 14,150 | 14,750
ST Al 10,300 | 10,700 | 11,300 | 12,000| 12,900
7,500 | 8100 880 9600] 10750
59000 | 650| 7300 000| 9250
12,600 | 13,600 | 14,450 | 15700 | 17,
[T Al 10,250 | 10,700 | 11,350 | 12,000 13,100
7600| 8 9000 | 9750| 10,
590 | 6600 7,30| 8100| 9400
12,200 | 13,000 | 13,850 | 15,000 | 16,400
[ T AL 10,200 | 10,650 | 11,200 | 11,900 | 12,750
7,500 | 8,050 80| 9600| 10,660
5, 850 6, 7,250 8,000 3
11, 500 12,300 | 13,000 14, 000 15, 450
0000. ... All____. 9,850 | 10,150 | 10,750 | 11,450 12,350
7,200 7,800 8, 450 9, 200 10, 250
5, 600 6, 250 6, 950 5, 650 8, 850
10, 900 11, 350 12,100 13,000 14,150




210 APPENDIX B

Appendix B—MINIMUM PERMISSIBLE SAGS FOR
LINE CONDUCTORS 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
according to the loading specification for the district, the
resulting tension in the conductor will equal 50 per cent of its
ultimate strength for grades A and B, and 60 per cent for
grade C (see rule 261, F, 4).

Tables 44 to 46 present values of the sag intheconductor
for various spans for hard-drawn and medium copper;
Table 47 (pp. 220 to 222) for soft copper; Tables 48 to 53
(pp. 223 to 235) for three grades of steel; Tables 54 and 55
(pp- 236 to 238) for copper-covered steel designated as stand-
ard grade; Table 56 (pp. 239 to 241) for aluminum; and
Table 57 (pp. 242 to 244) for aluminum cable with steel
core. Tables 58 to 71 (pp. 245 to 278) give the correspond-
ing stringing tensions in the various conductors.

The properties of the various conductors involved in the
computation of sags and tensions are given in Appendix D.
These sags and tensions are not applicable to conductor
materials having properties which differ considerably from
the values on which the tables are based. When such
materials are used, the sags and tensions should be based
upon the actual properties of the material concerned.
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Table 44.—Sags for Medium and Hard-Drawn Bare Solid Copper Wire

MINIMUM SAGS FOR HARD COPPER

HEAVY LOADING DISTRICT
[The sags beil:ﬁ such that when loaded at 0° F. the wires will be stressed to 50 gtir cent of their

timate strength for grades A and B, and 60 per cent for grade
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Wire—Continued

MEDIUM LOADING DISTRICT
[T'he sags being such that when loaded at 15° F'. the wires will be stressed to 50 cHer cent of their

Table 44.—Sags for Medium and Hard-Drawn Bare Solid Copper

ultimate strength for grades A and B and 60 per cent for grade
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Wire—Continued

MINIMUM SAGS FOR HARD COPPER

Table 44.—Sags for Medium and Hard-Drawn Bare Solid Copper

LIGHT LOADING DISTRICT
[The sags being such that when loaded at 30° F. the wires will be stressed to 50 ]pet cent of

their ultimate strength for grades A and B, and 60 per cent for grade C
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Wire
HEAVY LOADING DISTRICT
[The sags being such that when loaded at 0° F. the wires will be stressed to 50 cﬁer cent of

Table 45.—Sags for Medium and Hard-Drawn Bare Stranded Copper

their ultimate strength for grades A and B, and 60 per cent for grade
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d Hard-Drawn Bare Stranded Co

Wire—Continued.
MEDIUM LOADING DISTRICT

MINIMUM SAGS FOR HARD COPPER
[The sags being such that when loaded at 15° F. the wires will be stressed to 50 per cent of their

pper

lum an

Table 45.—Sags for Med

ultimate strength for grades A and B, and 60 per cent for grade C]
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pper

m and Hard-Drawn Bare Stranded Co
Wire—Continued.

LIGHT LOADING DISTRICT

1U.

Table 45.—Sags for Med

r cent of their

&

. the wires will be stressed to 50
Sags (inches) for span lengths (feet) of—

ultimate strength for grades A and B, and 60 per cent for grade
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MINIMUM SAGS FOR HARD COPPER
Table 46.—Sags for Medium and Hard-Drawn T. B. W. P. Solid

Copper Wire
HEAVY LOADING DISTRICT

[The sags being such that when 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 grade C]
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Table 46.—Sags for Medium and Hard-Drawn T. B. W. P. Sol
Copper Wire—Continued
MEDIUM LOADING DISTRICT
[The sags being such that when loaded at 15° F, the wires will be stressed to 50 ?er cent of

their ultimate strength for grades A and B, and 60 per cent for grade C
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and Hard-Drawn T. B. W. P. Solid

MINIMUM SAGS FOR HARD COPPER
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LIGHT LOADING DISTRICT
{The sags being such that when loaded at 30° F. the wires will be stressed to 50 per cent of

their ultimate strength for grades A and B and 60 per cent for grade C]
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Table 47.—Sags for T. B. W. P. Solid Soft Copper Wire

HEAVY LOADING DISTRICT
[The sags being such that when loaded at 0° F. the wires will be stressed to 50 8? cent of their

ultimate strength for grades A and B and 60 per cent for grade
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MINIMUM SAGS FOR SOFT COPPER
MEDIUM LOADING DISTRICTS
their ultimate strength for grades A and B, and 60 per cent for grade C]

Table 47.—Sags for T. B. W. P. Solid Soft Copper Wire—Continued

[The sags being such that when loaded at 15° F. the wires will be stressed to 50 per cent of
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Table 47.—Sags for T. B. W. P. Solid Soft Copper Wire—Continued

LIGHT LOADING DISTRICT
[The sags bel.n‘f‘ such that when loaded at 30° F. the wires will be stressed to 50 8«]31' cent of their

timate strength for grades A and B, and 60 per cent for grade
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Table 48.—Sags for Ordinary Grade Steel Wire
HEAVY LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags belng such that when loaded at 0° F. the wire will
be stre?ed to 50 per cent of ultimate strength for grades A and B and to 60 per cent for

grade C
" Bags (in inches) for span lengths (in feet) of—
wi?em] o QGrade of con- Te’;‘.
Nyoag struction Pore
. 100 { 125 | 150 | 175 [ 200 | 250 | 300 | 400 | 500
°F.
30| 41125260 |------ -- ———- -
| F, [ O 7, 60| 6.216.5(30.0|---.-. ——— . R
90 | 1.1 20.0 | 33.5 [N (R P,
30 471202486 | oo |aaccacfocaafeaaas
Aand B...._._. 60| 7.4(16.0( 28.5 - I
6 90 [ 1.0 | 20.0 | 32.0 -
"""" 30f 26| 654]11.2}220350|650( 104 | 213 341
[ o F 60| 3.6 7.7(155[27.0{40.5]70.0| 109 { 216 344
90| 53 |11.2]|20.5)31.5(450| 750 113 | 220 348
30! 31| 66)13.0|22.0(34.5|64.0 99 | 189
Aand B_.._____ 60| 47| 9.8|17.56|27.56|40.0|69.0| 104 ( 193 314
4 90| 7.4]14.0|22.0|32.5(44.0| 73.0| 108 | 197 318
““““ 30| 22| 37| 63|11.1(18.0] 41.0 71| 147 245
[ & 2N 60| 28| 51| 9.2|15.5|24.0/ 47.5 152 250
90| 40| 7.2(125|20.5(29.5] 53.0 82| 158 256

MEDIUM LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 15° F. the wire
wi;'l(l bec s]tressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent for
grade

30| L9] 31 5.2
8 - C. 60| 24| 41| 6.8
90| 31| 66| 9.7
30| 22] 39| 63
AandB____..._.{ 60| 29| 53| 8.6
6 90| 43| 7.6(12.0|._..
"""" 3| L7] 27) 43| 63| 0.4|185]|34.5 85 161
[ 60| 20| 3.5 54| 8.2(120|23.5|420 93 169
90| 26| 46| 7.2|11.1}16.0|30.5|49.5( 101 177
20| 3.4 54| 7.8|11.3|220(38.56 88 150
AandB........ 60| 26| 45| 7.0[10.7]|15028.0 | 46.0 96 158
4 90| 3.8 63 9.9(14.5|20.0|34.5|53.0| 104 166
"""" 30( L7 27| 40| 67| 7.7[14.0| 23.5 58 107
[ R, 60( 20| 33| 49| 69| 9.6(17.529.0 67 17
90| 25| 42| 63| 9.212.5|23.0 36.0 76 127
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Table 48.—Sags for Ordinary Grade Steel Wire—Continued
LIGHT LOADING DISTRICT
[At 3]0, 60, and 90° F. without load, the sags being such that when loaded at 30° F. the wire

will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent
for grade C.]

Sags (in inches) for span lengths (in feet) of—
Steel . | Tem- & ( ) for span lengths (In feet)
. QGrade of con -
wire gage struction pera
No. ture-! 100 | 125 | 160 | 175 | 200 | 250 | 300 | 400 | 500
°F.
30| 14| 22| 3.2 e
8. c. 60| 17| 28| 40
9| 22| 33| 49
30| 18| 27| 3.9
AandB........ 60| 23| 35( 50 SO N My
6 90| 28| 44| 63 || TITIITIITIII T
-------- 30( La| 22| 32| 46| 58| 06145 |27.5| 48
Creeeeeae 60| 17| 27| 40| 55| 72|17 |17 |320]| 65
9| 22| 33| 47| 65| 89|140|21 [30.0]| 64
30| 17| 27| 40| 65| 72|1.7|17.5]|33.5] 54
AandB._...__. 60| 22| 35| 49| 67| 9.1]|145|21.6|40.5| 67
. 90| 28| 45| 6.3| 8.8|11.5]|185(26.6[480]| 77
-------- 30| 14| 23| 33| 46| 60| 93|13.5|2.0]| 43
Creeeeeeaan 60| 17| 27| 40| 55| 72|1wa|17 |305| &
9| 21| 33| 47| 65| 86|140|2 |370] &9

Table 49.—Sags for Siemens-Martin Steel Wire
HEAVY LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 0° F. the wire
willdbe Cs]tressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent for
grade

Steel Tom- Sags (in inches) for span lengths (in feet) of—
wire | Grade of con- pera-
gage struction ature
No. 200 | 250 | 300 | 400 | 500 | 600 | 700 |1,000
°F.
30 | 13.6| 36.5| 67.0| 147 251 379
6..... [ S, 60| 18.5 | 42.6| 73.0 1562 266 384
90 | 23.5| 48.6( 79.0 158 | 261 389
30| 150 37.0( 65.0| 136| 231 357
AandB.......___ 60| 20.56| 43.56 | 72.0 143 237 362
4 90 ( 26.0 | 50.0| 78.0 148 | 242 | 367
""" 30| 82| 17.5| 36.0 94 172 268
[, 60| 10.6 | 22.5 | 43.0 102 179 276
90| 14.0| 20.0 51.0 110 | 188 | 282
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Table 49.—Sags for Siemens-Martin Steel Wire—Continued
MEDIUM LOADING DISTRICT
[At 30, 60, and 90° F. without load, the sags being such that when loaded at 1 . the wire

5°F
will be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent
for grade C]

Steel Tem- Sags (in inches) for span lengths (in feet) of—
wire Grade of con- pera-
gage struction ature
No. 200 250 300 400 500 600 700 | 1,000
°F.,
30 5.6 10.5 | 17.5 48 100 161 242 | 569
[ S [ & S, 60 7.0 12,6 | 21.5 b4 109 171 251 564
90 87| 16.0 | 27.0 63 19 | 181 262 578
30 7.2 12,5 | 21.0 52 162 | 236
Aand Bo_........ 60 9.1 16.0 | 26.5 60| 109 171 246 | 545
4 90 | 11.5| 20.0| 33.0 70| 118 182 | 266 565
ahaiid 30 5.3 9.0 [ 14.0 31 61 109 168 | 408
[ &, 60| 63| 11.1]| 17.0 37 71 120 182 | 420
90| 77| 13.0| 20.0 45 82 131 193 432

LIGHT LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 30° F. the wire
will be s]tressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent for

grade C
30 4.8 7.5| 10.8 | 20.0 | 33.0 50 3 178
6. [ O 60| 6.3 8.4 125| 23.0| 38.0 58 83 196
90 6.2 | 10.2| 150 | 27.0| 44.0 66 94 212
30| 56| 87) 13.0| 24.5| 40.0 62 90 | 212
Aand B______.__. 60| 67! 10.8| 155| 20.0 | 47.5 72| 103 229
4 90 8.2| 13.0| 18.5| 34.5| 560 83 16| 245
""" 30 4.8 7.2 10.4| 18.5| 320 49 69 158
[ o 60 53 8.4| 120 | 22.0| 36.5 54 77 174
90| 6.2 9.9 14.5| 26.0 | 42.0 62 86 192
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Table 50.—Sags for High-Tension Steel Wire
HEAVY LOADING DISTRICT

[At 30, 60, and 90° F. without load the sags being such that when loaded at 0° F. the wire
be stressed to 50 per cent of u {timate strength for grades A and B, and to 60 per cent for

gmde C]
Steel Tem- Sags (in inches) for span lengths (in feet) of—
wire | Gradeofcon- | perg. i
%\t}ge struction ture
0. 200 250 | 300 | 400 500 | 600 700 |1,000
°F.
30| 3.6 6.0 9.7 25.0| 66.0 130 218 505
[ [ & 60| 40| 68| 11.2| 30.0| 750 143 231 602
90| 43 7.5| 126 | 34.5| 87.0 154 244 610
30 4.1 7.2| 1L56| 20.5| 71.0 135 215 537
Aand B.o........] 60| 4.7 82| 13.5| 34.5| 820 147 225 547
4 90 5.3 9.3 160! 420] 92.0 159 237 556
""" 30| 3.4 5.2 7.9 16.5| 34.0 126 | 304
[ S, 60| 3.7 5.8 8.8| 19.0( 39.5 79 140 | 405
90| 41 6.4 9.7 2.5 | 45.5 89 154 419

MEDIUM LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 15° F. the wire
;vill bedstrceiﬂ:sed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent
for grade

30 3.1 4.6 6.8| 125( 23.0| 36.0 60.| 202

6..... [ O 60 3.4 5.2 7.5 140 25.0| 410 67 216
90 3.7 5.8 8.3 160| 27.5| 47.0 7 234

30 3.8 5.7 83| 1565 27.5| 455 71 216

Aand B.......... 60 4.2 6.4 9.4| 180) 320 52.0 82 233

4 90 4.6 7.21 10.56 | 20.5| 36.0| 59.0 92 248
""" 30 3.1 4.8 6.8| 12.0( 20.0| 31.0 46 132
Ceeeeee 60 3.3 5.2 7.56| 13.0| 21.5|( 33.0 51 146

90 3.6 5.7 83| 14.6| 24.0) 37.5 57 162

LIGHT LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 30° F. the wire
};vill baed stroefsed to 50 per cent of ‘ultimate strength for grades A and B, and to 60 per cent
or grade

30 2.9 4.5 6.61 11.1| 18.0] 26.0] 355 75

[ [, 60 3.3 4.9 6.8| 12.0| 19.0| 27.5| 38.5 81
90 3.6 5.3 7.5) 13.0| 20.5| 29.5| 42.0 90

30 3.6 5.7 79| 13.5| 20.5| 20.5| 415 95

AandB..__..___. 60 3.9 6.1 86| 14.5| 22.5| 33.0| 46.0 104

’ 90 4.3 6.6 9.4 16.0| 24.5| 37.5| 52.0 114
Foooe- 30 2.9 4.2 6.1| 10.6 | 17.0 | 25.0 | 34.5 74
L 60 3.1 4.8 6.8 11.8| 18.5| 27.5| 38.0 80

90 3.4 5.4 7.6 13.0| 20.5| 30.5| 41.0 86
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sags being such that when loaded at 0° F. the cable

timate strength for grades A and B, and to 60 per cent for

ul

HEAVY LOADING DISTRICT

MINIMUM SAGS FOR STEEL

Table 51.—Sags for Ordinary Grade Steel Cable

and 90° F. without load, the
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Table 51.—Sags for Ordinary Grade Steel Cable—Continued

MEDIUM LOADING DISTRICT

will be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 16° F. the cable
for grade C]
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MINIMUM SAGS FOR STEEL
Table 51.—Sags for Ordinary Grade Steel Cable—Continued

LIGHT LOADING DISTRICT
[At 30, 80, and 90° F. without load, the sags being such that when loaded at 30° F. the cable

1t

per cent of ultimate strength for grades A and B and to 60 per cent

will be stressed to 50

for grade C] .
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Table 52.—Sags for Siemens-Martin Steel Cable

HEAVY LOADING DISTRICT

[At 30, 60, and 90° F. without load, the sags being such that when loaded at 0° F. the
cable will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per
cent for grade C]

Cable T Sags (in inches) for span lengths (in feet) of—
diam- | Grade of con- gg_'
eter struction lzure
(inches) 200 | 250 300 400 500 600 700 | 1,000
°F.
30| 10.3| 20.5| 39.5| 96.0] 166.0 270 381 792
AandB...._.._ 60| 12.6| 25.0| 46.0 103.0 | 176.0 389 799
& 9| 16.0| 31..0| 53.0 110.0| 188.0 287 396 806
""" 30 7.0 12.5| 22.0| 67.0] 119.0 197 289 664
[ O 60 82| 16.5| 26.0| 66.0| 127.0 205 297 672
90 9.6 18.5] 31..5| 74.0| 137.0 213 306 680
30 89| 155| 26.5| 64.0| 123 198 288 640
AandB....__._ 60| 10.6 | 19.0| 32.0( 72.0( 131.0 295 649
3% 90| 12.5| 23.5{ 38.0( 80.0/[ 140.0 216 302 657
8-oome 30| 65| 10.8] 17.5| 39.5| 77.0| 137 | 208| 499
(O 60 7.6 12.6] 20.0| 45.5| 87.0 144 218 500
90 86| 145 240 520 96.0 165 229 520
30 7.9 13.0| 21.0| 45.0| 84.0 140 203 479
IA and B...._... 60 9.4| 1565 | 24.5| 651.0| 93.0 150 214 487
& 90| 11.3| 19.0( 20.5{ 59.0( 103.0 159 224 496
""" 30 6.0 9.9| 15.0| 30.0| 65.0 93 144 358
(& J PRI 60 69| 11.4| 17.5| 35.0| 63.0 104 164 370
90 7.9] 13.0) 20.0| 40.5| 71.0 115 167
30 7.4| 12.5] 20.0| 41.0| 73.0 121 179 414
AandB...._.__ 60 9.1 155 | 23.56| 47.0| 83.0 131 180
1 90| 11.0| 18.0| 27.5| 55.0| 92.0 142 201 438
""" 30 6.2 9.9 150} 20.0| 50.0 82 123 312
[ & 60 7.0 1.3} 17.0| 33.0| 57.0 136 326
90 7.9 12,6 19.0| 37.5| 650 102 148 340
30 74| 12.0| 18.0| 350 6L0 98 145 337
Aand B......__ 60 9.0| 140| 21.0| 41.0| 69.0 109 158 350
KX 90| 10.6 | 17.0( 25.0 | 47.5/ 79.0 119 170
""" 30 6.0 9.5 14.0| 25.5| 44.0 69 103 253
(O { 60 6.8 10.9| 16.0| 30.0} 510 78 113 269
90 7.7 12.5) 18.0| 34.0| 57.0 87 125 5
30 7.2 1.8 | 17.5| 33.5| 57.0 88 130 301
AandB........ 60 87| 14.0| 20.5| 30.5| 64.0 140 315
5 90| 10.3| 16.0| 24.0| 45.0| 73.0 109 153 330
Lt 30 5.8 9.4 13.5( 25.5| 42.0 64 93
[ © R 60 6.6| 10.8) 15.5| 20.0| 47.5 71 104 241
90 7.4] 120| 17.5| 32.5| 53.0 81 115 260
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MINIMUM SAGS FOR STEEL
Table 52.—Sags for Siemens-Martin Steel Cable—Continued

MEDIUM LOADING DISTRICT
[At 30, 60, and 90° F. without load, the sags being such that when loaded at 15° F. the cable

per cent of ultimate strength for grades A and B, and to 60 per cent

will be stressed to 50

for grade C]
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Table 52.—Sags for Siemens-Martin Steel Cable—Continued
LIGHT LOADING DISTRICT
[At 30, 60, and 90° F. without load, the sags being such that when loaded at 30° F. the cable

wilhbe Csitressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent for
grade

Cable T Sags (in inches) for span lengths (in feet) of—

diam- | Grade of con- :;1_'
eter struction o

(inches) 200 250 300 400 500 600 700 | 1,000
°F.

30 6.5| 10.2 | 150 | 26.56| 44.0| 66.0 94 221

AandB.___.__. 60 7.4 1.7 17.0| 30.5| 50.0 | 74.0 104 235

& 80 84| 13.0| 19.0( 350 )| 566.0| 83.0 115 250

""" 30 5.3 81| 11.9| 2L.5| 350 510 73 165

[, 60 6.0 9.3 13.6| 24¢.0| 39.0| 57.0 81 179

90 6.7| 10.5| 150 27.0| 43.0| 63.0 88 194

30 6.2 99| 14.5| 26.0| 43.0| 63.0 20 203

AandB________ 60 7.2 11.4| 16.5| 29.5| 49.0| 72.0 100 218

3% 90 82| 130 19.0| 33.5| 55.0| 81.0 110 234

8-mo--- 30 5.3 86| 120 21.5| 350 50.0 71 156

[ R 60 6.0 96| 13.5| 24.0| 39.0 | 57.0 78 170

90 6.7 10.6 | 150 | 26.5| 43.0, 63.0 184

30 6.2 9.6| 145 25.5) 41.0| 60.0 84 182

AandB____.__. 60 7.2 1.1 16.5| 29.5| 46.5| 67.0 93 198

0 80 82| 125 185 33.5| 52.0| 75.0 102 212

§---ooe 30 5.3 85| 1.9 | 20.5} 33.56| 48.0 67 145

[ & 60 6.0 9.6 13.56| 23.0( 37.56| 540 74 157

90 6.7 10.7 | 150 | 26.0| 41.5| 59.0 82 170

30 6.2 9.7| 140 25.5| 4.0 60.0 83 180

AandB_.____.__ 60 7.2 1.1 16.5| 29.5| 46.5| 67.0 91 194

14 90 82| 125 18.56| 33.56| 62.0| 75.0 102 210

""" 30 5.3 841 11.9| 20.5| 33.5] 48.0 67 14

C ot 60 5.9 9.5| 13.56| 23.0| 37.0( 54.0 74 156

20 6.5] 10.2 | 150 | 26.0( 41.0| 59.0 81 169

30 6.2 9.9 14.0| 25.0| 40.0| 59.0 81 168

Aand B_____.__ 60 7.2 11.3| 16.0| 28.5| 45.5| 68.0 90 184

& 20 83)] 125 18.0| 32.0| 50.0| 73.0 9 201

""" 30 5.3 81| 11.56| 20.0| 33.0| 47.5 66 138

[ . 60 6.0 9.3 13.56| 23.0| 36.5| 63.0 73 160

90 6.7 10.5| 14.5( 26.0( 40.0 | 58.0 80 163

30 6.2 9.9 140 | 250 | 39.5( 58.0 80 169

Aand Bo..._.._ 60 7.2 1.2 | 16.0| 28.5| 450 650 87 181

5 90 82| 125| 18.0| 32.5| 50.0| 72.0 98 108

””” 30 5.3 81| 11.5| 20.6| 3256 47.0 656 134

[ & 60 5.9 9.1| 13.0| 23.0| 36.6| 53.0 72 147

90 6.5| 10.2| 14.5) 26.0| 40.0| 58.0 79 160
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Table 53.—Sags for High-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 cable

be stressed to 50 per cent of ultimate strengt%l for grades A and B, and to 60 per cent for

grade C]
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HWBRWONO - — Oy~ fod — 00 b= b= > o0 bl [nd ™ -
g | ESSERX SRETEB 2BRZEE BEESZR ZERGET IRSS8Y
-
l_-. m OO0 OO0 0C0O0 COCOOO0O OOOWOO OO0OC0O0O0 OOOCOWOo
5 9 990088 900000 00OWOO 900000 GOOons
2|8 3588 FESEER SY¥IYcSy gELddy 5ISYES ISEIEE
g
cnu_. COCNOO OO0 WVMVNOVOO WMWVLOWVBLY WOOOOO WOOWNOO
& |8 g¥59ss £dgHey JddudEy Juddds dYddds8 Sd€=L48
2]
g |8 5¥88d dEdidd fddgE NEdARY SN S9+H8
m. COCOWVY OOV VNV WOOWWIY WOOWVWWID WVVNOOO
5| 8 f¥NEgy dRddds Sdddds dWgedd Hdg8ed Hrdddd
&
\w PO NDO WHOODLMP ONWOWM MISANNON MWPONDM MAEAFRNDO
= m m.u.mnl.nl.& omm.mnl.&ao. &mn.l..l.& &ov.u.7.7.8. &Qm7.7.8. B.Qm.w.l..l.&
8
%\ DOHNIO O MOWONI OWOWEs SDODHN WVOWRHD
n m SRBAESES CSNBBISE SNNHESE BSNBiSE BSNISid SO wss
g
MOMr W OO N OWRDMO DMV HDO 0OMOr-HDO 00MI ri HO
m HHIGT BB FHFG B ddddded cddddded Sdddded S deded
mmm LB22228 SIIRBR IB2RS2 TSRS 222838 8322
k=]
Tm.t °
e e e e e
. [} [} N 1 [} [} ] O N [] []
' . 1] 1 v 1 . . . . 1] 1
1 1 1 ' . . [} [} 1 1] 1 . .
g oo oo P A P N
cg b b b I . b
Kt P Lo P Pl P P
Bm m ! m ! m ! m ' m ! M !
9 o ' < ' o~ ' L) ' o ' o 1
S 1 v . . ] ’
&= § 8 + & ++ & v @ & |
< o < O, < ] < O < O < O
N — 1 [ [} [ [ .
D W ' . . ' 1] ]
— St ] ) ] ) ’ )
.wmm.w ) H H H ' |
C“mem O L 1 1 . .
< - R B AN L= X

25804°—27—17



1,000

and to 60 per cent
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Table 53.—Sags for High-Tension Steel Cable—Continued
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Table 53.—Sags for High-Tension Steel Cable—Continued

LIGHT LOADING DISTRICT

the sags being such that when loaded at 30° F. the cable

per cent of ultimate strength for grades A and B, and to 60 per cent
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236 APPENDIX B

Table 54.—Sags for Bare Copper-Covered Steel Wire (Ordinary Grade)

HEAVY LOADING DISTRICT

[The sags being such that when loaded at 0° F. the wires will be stressed to 50 per cent of their
ultimate strength)

Size Tem- Sags (in inches) for span lengths (in feet) of—
A.W.G.| Gradeof [pera-

No. |construction | ture 100 | 125 | 150 | 175 | 200 250 300 100 | 500

F.
[ S AandB...| 30| L7]| 3.2/ 59]10.9

60 20| 3.8( 7.2]13.7

90| 23| 4.9 9.417.3 .
[ TR S do...... 30| L7| 29 46| 7.0 27.4

60| 1.9 3.4 54| 86 13.7| 34.6

90| 2.3 | 40| 6.6|10.8 39.6

MEDIUM LOADING DISTRICT
{The sags being such that when loaded at 15° F. the wires will be stressed to 50 per cent of their

ultimate strength]
S ) ; SO, 30| 1.4| 23| 3.6
60| 1.5| 2.6 | 4.1 R
90| 1.7 29| 4.7 .-
[ FR—— AandB_._| 30| 1.4| 22| 3.3 | 48 [._.
60| 1.5 25| 3.7| 5.4 —-
90| 1.6| 2.8| 43| 6.3
[ S U, do...... 30| 1.4| 23| 3.4 47 6.4 | 10.9 | 17.6
60| 1.6 | 2.6 | 3.8| 5.4 73| 13.0| 20.5
90| 1.9| 3.0 44| 6.3 84| 14.8| 24.2

LIGHT LOADING DISTRICT

[The sags being such that when loaded at 30° F. the wires will be stressed to 50 per cent of their
ultimate strength]

: FR. ) : FOUR 301 1.2 2.6
60| 1.3 2.9

14 [caeees 3.3

[ S, AasndB....| 30| L2 2.8
60| 1.4 3.1

L5 3.6

[ SRR AR do...... 30| L3 3.0
60| 1.5 3.3

80| 1.7 3.8
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Table 55.—Sags for Bare Copper-Covered Steel Cable

HEAVY LOADING DISTRICT
[The sags being such that when loaded at 0° F. the cable will be stressed to 50 per cent of

its ultimate strength]

Diam-| Grade of | Tem- Sags (in inches) for span lengths (in feet) of—

ptgl!; oo:gtmc- Pera- -

¢

(inch) on ure | o900 | 250 | 300 | 400 | 00 | 600 | 800 |1,000
°F,

- AandB..| 30| 56| 03| 150| 36| 738
60| e2| 104| 171| 300| 834 TTTITNTTITIII
90| 70| 1o 197| 6| e34| Tl

YRR do...| 30| 56| 91| 137| 27.4| 409| 856
80| 61| 11| 152| 306| 52| 952
90| 69| 1L4| 17.3| 348| 635| 1060

S do_._| 30| 57| 92| 138| 26| 48| 7m0
60| 64| 102| 153| 208 523| 856
90| 72| 1.5| 172| 33.6| 588| 950

Yoo ceedo. 30| s7| 91| 13.4| 2.2| 427 er0| 146| 265
| 62| 00| 148 280| 473| 7a2| 157 280
9| 7o| 11| 16s5| 32| s528| s22| 171 295

R do....| 30| s8| 91| 13.4| 21| 4.3| ea7| 131] 23¢
80| 64| 1001| 148| 275| 455| 69.8| 142 248
90| 71| 12| 166| 3.1| 04| 70| 154 202
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Table 55.—Sags for Bare Copper-Covered Steel Cable—Continued
MEDIUM LOADING DISTRICT
[The sags being such that when loaded at 15° F. the cable will be stressed to 60 per cent of

its ultimate strength]
Diam- Tem- Sags (in inches) for span lengths (in feet) of—
eter | Grade of construction %era—
(inch) ure | 100 | 250 | 400 | 600 | 800 | 1,000
°F.

E AandB____.._........ 30 12 77| 25| 581 .
60 1.3 8.6 23.9 64.7
90 1.4 9.5 26.7 72.2

|7 S I L (s 30 L2 8.0 21.5 54.0
60 1.4 8.8 23.6 59.5
90 LS 9.8 26.4 66.4

[T I 1 30 1.3 83| 20| 534
60 1.4 9.1 2.2 58.6
90 1.6 10.1 26.7 64.7

7 TN IR {1 1« 30 1.3 8.3 21.9 52.1
60 1.4 9.1 24.0 56.9
90 1.6 10.1 26.5 62.8

%- _.do___ 30 1.3 8.5 22.3 52.5
60 1.5 9.3 24.4 57.1
90 1.6 10.3 26.8 62.4

LIGHT LOADING DISTRICT
[The sags being'such that when loaded at 30° F. the cable will be stressed to 50 per cent of

its ultimate strength]
Peemennn AandB_.....__.____. 30 1.1 7.0 18.5 43.2| 8L5
60 1.2 7.8 20.2 47.2 88.8
90 1.4 8.6| 22.6 51.8 97.1
7S (s 1 T, 30 1.2 7.5 19.3 4.5 82.5 134
60 1.3 8.2 21.2 49.0 | 89.5 144
90 1.4 9.1 23.3 53.5 98.5 156
B S A0 ool 30 1.3 7.8 20.2 46.3 84.7 137
60 1.4 8.5 22.0 |- 50.4 91.8 147
90 1.5 9.4 24.2 55.2 98.6 159
b7 I I (¢ 1 30 1.3 7.9 20. 4 46.6 84.8 136
60 1.4 8.6 22.2 50.6 91.6 146
90 L5 9.4 24.3 55.1 99.1 157
by SRS B L+ (s T 30 1.3 8.1 21.6 47.8 86.7 137
60 1.4 8.8 22.7 51.8 93.4 148
90 L5 9.7 24.9 56.3 | 101.0 159
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Table 56.—Sags for Bare Stranded Aluminum
HEAVY LOADING DISTRICT

[Sags being such that when loaded at 0° F. the conductor will be stressed to 50 per cent of
its ultimate strength for grades A and B and 60 per cent for grade C]

Sags (in inches) for span lengths (in feet) of—
A %{,“G Grade of T;';’_'
‘No. construction lzure
. 100 | 125 | 150 | 200 | 250 | 300 400 | 500 | 600
°F.
30| 12.5|24.6 |42.1
Aand B._.___ 60 | 18.2 | 30.3 | 47.2
1 90| 23.0|351 (518
Bt 30| 43123266
[ 60| 9.4]20.1(3356
90 (16.1 | 26.4 | 39.6 |
30| 7.4|16.2|31.0(63.4(109.0 | 170.0
Aand B_.___. 60| 13.0(24.6(37.1(69.6|115.0 | 177.0
0 90 | 19.7 | 30.0 | 44.6 | 75.4 |120.0 | 182.0
"""" 30| 29| 7.2]15.5(45.1|81.0|( 127.0
(o, 60| 6.2 14.1 (252 (53.3)888]|133.0
90| 12.7 | 21.6 | 32.4 | 60.0 | 95.4 | 140.0
30 50]10.8|22.0(40.4(85.2]|127.0
Aand B._.._. 60| 10.8 | 18.6 | 20.5 | 56.6 | 91.2 | 133.0
00 90| 16.8 | 25.2 | 36.0 | 63.4 | 97.2 | 140.0
"""" 30 26 51| 9.7|20.7160.6| 96.5
Coeeeae <~ 60| 50} 9.918.0(39.470.2 | 106.0
90 | 10.8 | 17.4°| 26.3 | 48.0 | 78.0 | 114.0
30( 38| 7.5]|14.0]37.4|732]102.0 197 469
AandB.._._. 60| 7.7|14.7)|23.4(46.5| 756 | 111.0 205 478
000 90| 14.6 | 21.9131.0| 54.2 ! 84.0| 119.0 213 487
""" 30| 22| 42| 6.8[20.6|450| 74.2 151 376
[ S 60| 3.8| 7.5|13.3|31.2|564| 92.2 161 387
90| 84)150)21.6|41.3 (654 950 172 396
30| 3.1] 6.0]10.4]|20.3|53.4| 835 165 395
AandB._..__ 60| 6.5]|12.0]19.1|30.4|62.4| 929 175 403
0000 90(13.2|19.527.0(48.0| 74.4 | 102.0 183 |- 413
Tttt 30| 2.2 3.6 61149318 57.6 125 312
[ O 60| 3.6| 6.3)10.4(24.9|43.8| 70.5 137 324
90| 7.9(12.0|19.1 (350 | 55.2 | 814 148 335
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Table 56.—Sags for Bare Stranded Aluminum—Continued

MEDIUM LOADING DISTRICT
[Sags being such that when loaded at 15° F. the conductor will be stressed to 50 per cent of

its ultimate strength for grades A and B, and 60 per cent for grade C]
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Table 56.—Sags for Bare Stranded Aluminum—Continued

LIGHT LOADING DISTRICT
[Sags being such that when loaded at 30° F. the conductor will be stressed to 50 per cent of

its ultimate strength for grades A and B, and 60 per cent for grade C]
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Table 57.—Sags for Bare Stranded Aluminum, Steel-Reinforced
HEAVY LOADING DISTRICT

[Sags being such that when loaded at 0° F. the cable will be stressed to 50 per cent of its
ultimate strength for grades A and B, and 60 per cent for grade C]

. Sags in (inches) for span lengths (in feet) of—
A SVleG Grade of '11;:1’.’;
‘No' | construction ture
g 100 150 200 300 400 500 700 | 1,000
°F.
30 3.0 24.0| 61.2]164.0 | 312 511 —e-
Aand B______. 60 5.6 30.6| 66.4| 169.0 | 316 516
4 90| 10.7| 36.0| 71.2|173.0 | 321 520
------- 30 1.6 7.6| 356 123.0 | 244 406
[ O R, 60 2.2 12.8| 43.3]129.0 | 250 410
90 3.5| 20.0| 50.0| 135.0 | 255 415
30 1.9 6.9| 25.4| 953|192 319
Aand B_______ 60 2.7 11.4| 34.0| 103.0 | 199 325
2 90 4.7 18.4| 41.8 | 110.0 | 206 332
"""" 30 1.3 3.7 9.7| 58.9 1141 245
[ O, 60 1.7 511 14.6 | 69.3 | 150 254
90 2.3 7.6 22.4| 7187|158 262
[ 30 1.8 53] 15.2| 170.7 | 151 255
AandB_______ 60 2.5 80| 23.2| 79.6| 159 263
1 90 3.9 13.5| 32.0| 881|168 271
------- 30 1.3 3.3 7.4 36.5| 103 190
[ 60 1.6 4.4 10.4| 48.0| 114 201
90 2.2 6.3 15.6 | 59.2 | 125 211
30 16 45} 10.5( 486|115 202
Aand B____._. 60 2.2 6.4 16.0| 59.8 | 126 212
0 980 3.6 10.4( 242 70.0{ 136 221
"""" 30 1.2 3.1 6.3 23.0] 70.8 | 143
[ S, 60 1.5 4.0 8.3 32.1 5| 156
90 2.1 5.5| 12.1| 43.4| 97.3 ) 168
30 1.6 4.0 8.4 | 32.7( 855|157 350 T2
Aand B._...__ 60 2.0 5.4 12.4| 4.0 98.2 | 169 362 783
00. 90 3.2 8.6 18.9| 555|110 181 373 794
"""" 30 1.3 2.9 5.6 17.0| 47.0 | 103 262
[ O JE 60 1.5 3.6 7.3 23.2| 60.6 | 118 277 620
90 2.0 5.0( 10.1| 324 747|133 291 634
30 1.3 3.9 7.7 4.1 63.2 122 284 636
Aand B.__.._. 60 1.8 53| 10.3| 33.8| 77.3| 137 298 649
000 90 3.0 80| 159 452 90.5| 150 311 662
""" 30 1.2 2.6 53| 14.4| 34.6 | 74.4 206 406
[ & J 60 1.4 3.5 6.6 18.9| 45.7| 90.7 223 512
90 2.0 4.7 9.2 26.5| 59.2 107 240 528
30 Lb 3.7 6.6| 19.4| 47.0( 93 230 524
Aand B____._. 60 2.0 4.6 9.2 27.1| 60.0 | 109 245 539
0000 90| 2.8 7.0 141 | 37.6| 74.9( 125 260 554
""" 30 1.2 2.7 51 13.0] 27.8| 65.1 157 399
[ & 60 1.6 3.5 6.4 16.7| 36.1( 69.8 177 418
90 1.9 4.5 8.6 | 22.6| 47.8| 8.9 196 437
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Steel-Reinforced—

MINIMUM SAGS FOR ALUMINUM

inum,

.

Continued

MEDIUM LOADING DISTRICT
(Sags being such that when loaded at 15° F. the cable will be stressed to 50 gler cent of the

Table 57.—Sags for Bare Stranded Alum

ultimate strength for grades A and B, and 60 per cent for grade
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Steel-Reinforced—

inum,

.

tranded Alum

Continued
LIGHT LOADING DISTRICT
[Sags being such that when loaded to 30° F. the cable will be stressed to 50 &er cent of the

Table 57.—Sags for Bare S

ultimate strength for grades A and B, and 60 per cent for grade
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. .
Table 58.—Stringing Tensions for Medium and Hard-Drawn Bare
Solid Copper Wire
HEAVY LOADING DISTRICT

[The tensions being such that when 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 grade Cfe

Siz Grade of |Tem- Tensions (in pounds) for span lengths (in feet) of-
A.IYIV .G. | construc- | pera-
o tlon  fture | 100 | 125 | 150 | 175 | 200 | 250 | 300 | 400 | 500
°F.
30 168 76 L7 2 D [ PRI, RPN RN
| SR [0 J. 60
90
30
Asnd B.{ 60
8 90
"""" 30
[ O, 60
90
30 179
A and B.{ 60 163
4 90 148
"""" 30 320
Coeeeeeee 60 264
| % 228
30 496 313
A and B_.{ 60 417 305
2 90 349 205
"""" 30 896 417
Comeeee 60 723 397
90 572 378
301,379 | 1,304 | 1,205 | 1,113 988 780 636 518 472
A and B_{ 60| 1,080 | 1,008 85: 754 622 481 455
1 90| 803 | '753| 688 500 | 518 | 484 ds2| 432
"""" 30| 1,788 | 1,742 | 1,676 | 1,575 | 1,500 | 1,277 | 1, 780 646
{0 - 60 {1,486 | 1,435 | 1,386 | 1,280 | 1,228 | 1,035 878 684 602
90| 1,191 | 1,149 | 1,100 | 1,021 970 812 731 615 563
30| 1,732 | 1,657 | 1,566 | 1,471 | 1,350 | 1, 143 954 771 692
‘A and B.{ 60| 1,375 1,276 | 1,214 | 1,131 | 1,056 900 812 700 655
0 90 | 1,007 954 896 854 808 750 622
Tt 30 |2221|2171 2080 1,94 | 1,919 | 1,740 | 1,521 | 1,168 979
[0 60 | 1,848 | 1,795 | 1,699 | 1,645 | 1,566 | 1,409 | 1,243 | 1,011 892
90 | 1,476 | 1,434 | 1,351 | 1,302 | 1,247 | 1,135 | 1,018 892 825
30| 2128|2055 1,982 | 1,878 | 1,763 | 1,538 | 1,366 | 1,116 | 1,001
Aand B.{ 60| 1,654 | 1,596 | 1,540 | 1,456 | 1,382 | 1,236 | 1,142 996 934
00 90 (1,215 ( 1,178 | 1,142 | 1,005 | 1,058 | 1,001 960 908 882
""" 30| 2731|2670 |2608|2513! 2430|2231 2042|1660 1,434
Coaceeeee 60 | 2,243 | 2,198 | 2,145 | 2,066 | 1,967 | 1,827 | 1,696 | 1,420 | 1,289
90 | 1,796 | 1,743 | 1,606 | 1,639 | 1,587 | 1,456 | 1,383 | 1,242 | 1,170
30| 3,171 | 3,107 | 3,080 | 2,948 | 2,800 | 2,658 | 2,432 | 2,168 | 1,985
A and B.{ 60| 2,426 | 2,392 | 2,342 | 2,202 | 2,250 | 2,083 | 2,010 | 1,885 | 1,810
0000 90| 1,735 | 1,718 | 1,718 | 1,726 | 1,735 | 1,694 | 1,676 | 1,694 | 1,676
i 30 | 4,001 | 3,960 | 3,928 | 3,850 | 3,792 | 3,593 | 3,430 | 3,053 | 2,721
Coveeeeee 60 | 3,270 | 3,238 | 3,188 | 3,120 | 3,070 | 2,948 | 2,831 | 2,581 | 2,300
90 | 2,521 | 2,514 | 2,508 | 2,456 | 2,456 | 2,322 | 2,307 | 2,215 | 2,140
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for Med
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Solid Copper Wire—Continued
MEDIUM LOADING DISTRICT
[The tensions being such that when loaded at 15° F.the wires will be stressed to 50 per cent

inging Tens

.

Table 58.—Str

of their ultimate strength for grades A and B and 60 per cent for grade C]
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TENSIONS FOR HARD COPPER
Table 58.—Stringing Tensions for Medium and Hard-Drawn Bare

Solid Copper Wire—Continued

LIGHT LOADING DISTRICT
[The tensions being such that when loaded at 30° F. the wires will be stressed to 50 per cent

of their ultimate strength for grades A and B and 60 per cent for grade C]
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Table 59.—Stringing Tensions for Medium and Hard-Drawn Bare
Stranded Copper Wire

HEAVY LOADING DISTRICT

[The tensions being such that when 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 grade C]

%,'.J‘ec Grade of | Tem- Tensions (in pounds) for span lengths (in feet) of—
AW,

.| construe- | pera-
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Table 59.—Strin§ing Tensions for Medium and Hard-Drawn Bare
tranded Copper Wire—Continued

MEDIUM LOADING DISTRICT

[The tensions such that when loaded at 15° F. the wires will be stressed to 50 per cent
of their ultimate strength for grades A and B and 60 per cent for grade C]

Tensions (in pounds) for span lengths (in feet) of—
Siz Grade of | Tem-| (inp ) P gths ( )
A.W.G.| construc- | pera-
No. tion (ture i 409 | 325 | 150 | 200 | 250 | 350 | 500 | 700 |1,000
°F.
30 821 790 | 691 570 | 378 - -
AandB__{ 60| 722| 677| 650 7| 454 | 326
[ SO 90| 578| 5634| 612 438| 300| 288
30| 1,085 | 1,056 | 1,030 | 957 | 864 | 660
[0 R 60 910 816 726 544 | - -
90 7% 768 742 678 598 [ 3.3 N PR PN SO
30 1,352 | 1,316 | 1,217 | 1,128 910 692 580 528
AandB_..{ 60| 1,149 | 1,113 | 1,087 998 926 738 624 551 520
P Z— 90 915 880 796 738 620 580 530 510
301,700 | 1,685 | 1,659 | 1,586 | 1,613 | 1,323 | 1,040 | 706 | 681
Cocmeeeet 60 | 1,472 | 1,451 | 1,425 | 1,360 | 1,200 123 902 744 655
901,232} 1,217 | 1,193 | 1,131 | 1,074 946 796 692 640
30| 1709 | 1,670 | 1,637 | 1,558 | 1,452 | 1,261 838 759
Aand B_. 60 | 1,406 | 1,373 | 1,346 | 1,274 | 1,195 | 1,049 871 799 739
) SR 00| 1,115 1,082 | 1,063 | 1,016 950 878 786 746 719
30| 208 | 2006|2039 |1,087 | 1,804 | 1,709 | 1,432 | 1,162 977
Coeees 60| 1,789 | 1,769 | 1,749 | 1, 1,617 | 1,450 | 1,241 | 1,049 937
90 | 1,485 | 1,472 | 1,452 | 1,406 | 1, 1,221 1,089 | 983 08
30 (2170 | 2,158 | 2,1 2,034 11,930 | 1,726 | 1,436 | 1,257 | 1,112
AandB_. 60| 1,703 [ 1,776 | 1,735 | 1,677 | 1,504 | 1,444 | 1,270 { 1,145 | 1,071
[\ P 90| 1,419 | 1,411 | 1,374 | 1,345 | 1,282 | 1,179 | 1,120 | 1,071 | 1,046
30 | 2,656 | 2,630 | 2,508 | 2,865 | 2,473 | 2,324 | 2,042 | 1,702 | 1,444
Coceeaee 60 | 2,283 | 2,266 | 2,233 | 2,204 | 2,117 | 2,000 | 1,776 | 1,544 | 1,361
90 | 1,909 | 1,802 | 1,859 | 1,838 | 1,768 | 1,681 | 1,536 | 1,403 | 1,299
30| 2672|2667 | 2625|2541 2457|2247 | 1,963 | 1,717 | 1,588
AandB__.[{ 602189 2184|2158 ! 2,090 | 2,037 | 1,80 | 1,712 | 1,675 | 1,502
00 ... 9 | 1,727 | 1,722 | 1,701 | 1,670 | 1,638 | 1,566 | 1,523 [ 1,470 | 1,449
30 | 3,287 | 3,266 | 3,213 | 3,166 | 3,108 | 2,930 | 2,657 | 2,300 | 2,037
Coieaee 60 | 2,804 | 2,788 | 2,751 | 2,709 | 2,646 | 2,520 | 2,310 | 2,079 | 1,911
90 | 2,331 2,315 | 2,279 | 2,252 | 2,205 | 2,121 | 2,006 | 1,880 | 1,827
30 | 4,183 | 4,158 | 4,117 | 4,067 | 4,001 | 3,768 | 3,511 | 3,204 | 2,955
AandB..[{ 60 | 3,436 | 3,420 | 3, 3,353 | 3,320 | 3,204 | 3,046 | 2,922 | 2,805
0000. ... 90 | 2,680 | 2,681 | 2,673 ) 2,673 | 2,673 | 2,673 | 2,673 | 2,673 | 2,673
30| 5113 | 5063 | 5,046 | 5030 { 4,980 | 4,764 | 4,631 | 4,183 | 3,801
CooaoC 60 | 4,366 | 4,334 | 4,316 | 4,290 | 4,266 | 4,100 | 3,951 | 3,768 | 3,519
90 | 3,619 | 3,586 3,586 | 3,569 | 3,460 | 3,420 | 3,370 | 3,303

25804°—27—18
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Stranded Copper Wire—Continued

Table 59.—Stringing Tens

LIGHT LOADING DISTRICT
[The tension being such that when loaded at 30° F. the wire will be stressed to 50 per cent of

their ultimate strength for grades A and B and 60 per cent for grade C]
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Table 60.—Stringing Tensions 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. the wires will be stressed to 50 per cont of
their ultimate strength for grades A and B and 60 per cent for grade C}

. Tensions (in pounds) for span lengths (in feet) of—
AWG,|  Gredoat | ToR
‘No | construction
No. ) bure | 100 | 125 | 150 | 175 | 200 | 250 | 300
°F.
30 114 63
- SR, [ & 60 57
90 66 50
30 194 116
Aand B______ 60 138 100
6 90| 107 89
""""" 30 408 272
[ —— 60 315
90 240 158
30 554 411
Aand B._.___. 60 414 310
4 90| 30| 231
"""" 30 840 738
[ © 60 692 592
90 551 465
30 | 1,044 932
Aand B....__ 60 810 716
2 90
"""" 30 ( 1,391 | 1,318
[0 P, 60| 1,160 | 1,
90 928 876
30| 1,327 | 1,217
Aand B...._. 60 | 1,038 953
1 0| ‘73| 6n
"""" 30 1,749 | 1,660
(O J R, 60 ,454 | 1,363
90 | 1,160 | 1,
30| 1,688 | 1,566
Aand B._____ 60 | 1,325 | 1,230
0 90| 979
"""" 30 | 2,180 | 2,098
(O 60 | 1,804 | 1,729
90 | 1,438 | 1,372
30| 2,108 1,977 | 1,883 | 1,754 | 1,657 | 1,404 | 1,252
Aand B.____. 60| 1, 1,549 | 1,481 | 1,372 | 1, 1,190 | 1,
00 90 | 1,221 | 1,132 | 1,116 | 1,064 | 1,064 | 1,001 970
"""" 30 | 2,709 ,609 | 2,490 | 2,425 | 2,205 | 2,081 | 1,872
[ & S, 60 3 2,139 | 2,060 | 1,977 | 1,899 | 1,727 | 1,550
90| 1,774 | 1,706 | 1,617 | 1,586 | 1,492 | 1,403 | 1,335
30| 3,130 | 3,021 | 2,957 | 2,858 | 2,715 | 2,508 | 2,309
Aand B...... 60 | 2, 2,340 | 2, 2,216 | 2,1 2,073 | 1,950
0000 90| 1,761 | 1,717 | 1,735 ( 1,736 | 1,726 | 1,701 { 1,710
""" 30 , 3,018 | 3,842 | 3,751 | 3,679 | 3,461 , 252
[ © 2N 60 | 3,238 3,187 | 3,120 | 3,052 5 2,847
90 | 2,613 | 2,498 | 2,463 | 2,422 | 2, 2,331 | 2,200
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MEDIUM LOADING DISTRICT

[The tensions being such that when loaded at 15° F. the wires will be stressed to 50 per cent
of their ultimate strength for grades A and B, and 60 per cent for grade C]

Tensions for Medium and Hard-Drawn
Solid Copper Wire—Continued

Tensions (in pounds) for span lengths (in feet) of—

Biz: G Tem-
rade of
A’IYIV‘; G| construction lzgrr:’
. 100 125 150 175 200 250 300
°F.
30 232 182
) : S 60 160 121
8 90 111 94
"""" 30 364 300
[ o S 60 305 243
90 250 194
30 469 410
AandB...._. 60 379 322
6 90 293 246
""" 30 628 590
[ o . 60 540 496
90 446 410
30 820 766
AandB._.___ 60 677 626
4 90 533 492
"""" 30| 1,043 | 1,010
[ o 60 892 864
90 748 720
30| 1,315| 1,262
Aand B...___ 60 1,078 | 1,035
2 90| ’'8sg| 812
"""" 30| 1,628 1, 589
[ 2 60| 1,388 | 1,359
90| 1,161 | 1,127
30| 1,611 1, 552
AandB._..__. 60| 1,326 | 1,271
1 90 | 1,031 996 984 941 92 86!
"""" 30| 1,981 1,965 1,038 | 1,806 | 1,844 | 1,742 1,638
[ 0 60 1,604 1,676 1, 651 1,598 1,576 1,484 1,385
90| 1,405 | 1,385 | 1,365 1,340 | 1,291 | 1,235 1,173
30| 1,977 | 1,944 | 1,906 1,853 | 1,811 | 1,671 1, 509
Aand B__..___ 60| 1,616 1, 592 1, 555 1, 517 1,496 1,389 1,276
) 90| 1,248 1,244 1,227 1,194 1, 190 1,135 1,065
"""" 30| 2,459 | 2,425 | 2,402 | 2,354 | 2,201 | 2,218 2,092
[ & 60| 2,078 | 2,051 | 2,022 1,990 | 1,952 | 1,866 1,783
90 | 1,704 1,691 1,683 1,654 1, 596 1, 563 1,484
30| 2,405 2,384 | 2,352 | 2,290 | 2,242 | 2,139 2,030
Aand B._..__. 60 | 1,946 1,941 1,910 1,878 1, 826 1,774 1,701
00 90 | 1,497 1,514 1,492 1,461 1,445 1, 440 , 440
""" 30| 3,011 | 2,991 | 2,950 | 2,80 | 2,80 2765 2,671
[ & 60| 2,637 | 2,520 2,472 | 2,437 | 2,400 | 2,332 2,280
90| 2,080 | 2,067 | 2,034 | 1,988 | 1,956 | 1,946 1,920
30| 3,601 | 3,552 | 3,644 | 3,470 | 3,460 | 3,329 3,252
AandB_..__. 60| 2,870 | 2,862 | 2,80 | 2,771 | 2,789 | 2,755 2, 689
0000. 90| 2,158 | 2,165 | 2,165| 2,173 | 2,232 | 2,232 2,300
oo 30| 4,415| 4,391 | 4,359 | 4,341 | 4,300 | 4,200 4,118
[ © 60| 3,603 | 3,651 | 3,651 | 3,636 | 3,685 | 3,542 3, 452
90| 2,954 | 2,939 | 2,030 ( 2,947 | 2,961 | 2,921 2,930
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Table 60.——Stnngm% Tensions for Medium and Hard-Drawn
Solid Copper Wire—Continued

LIGHT LOADING DISTRICT

[The tensions being such that when loaded at 30° F. the wires will be stressed to 50 per cent
of their ultimate strength for grades A and B and 60 per cent for grade C]

s) for s] ) hs (i —
Sizo Grade of Tem- Tensions (in pounds) for span lengths (in feet) of-
AW.G. pera-
No. construction ture
* 100 125 150 175 200 250 300
°F.
30 378 359 336
f 2 SO 60 319 303 281
s 9| 261 248
"""" 30 470 456 443 422
[ . 60 410 395 384 366
90 352 341 328 312 -
30 634 562 539
Aand B..____ 60 544 493 477 451
6 9| 440| 405 387 3
"""" 30 747 727 709 696
[ O, 60 649 633 618
90 554 543 528 516
30 951 940 920 890
Aand B...... 60 799 790 776 757 722
4 90 657 649 639 613 b
"""" 30| 1,157 1,144 | 1,133 | 1,122 | 1,001 -
[ © 60 | 1,014 983 9. -
90 864 847 839 831 -
30| 1,476 | 1,460 | 1,435 | 1,425 | 1,383 | 1,331 1,284
Aand B...__. 60| 1,226 | 1,232 | 1,211 | 1,205 | 1,164 | 1,132 1,091
2 90 | 1,007 | 1,001 7 | 982 6 924
"""" 30| 1,790 | 1,779 | 1,764 | 1,737 | 1,714 | 1,685 1,633
[ © 60| 1,545 | 1,634 | 1,529 | 1,513 | 1,495 | 1,466 1,424
90 ’ 1,307 | 1,299 | 1,278 | 1,271 | 1, 1,213
30| 1,88 | 1,792 | 1,781 1,755 | 1,726 | 1,686 1,644
Aand B_..___ 60| 1,513 | 1, 1,496 | 1,473 | 1,441 | 1,434 1,382
1 90| 1,218 [ 1,212} 1,212 | 1,212 | 1,189 | 1,179 1,172
"""" 30 ,188 | 2,170 | 2,145 | 2,038 | 2,118 [ 2,070
[0 J 60| 1,886 | 1,873 | 1,864 | 1,847 | 1,815 ( 1,801 1,778
! %0 | 1,592 | 1,585 | 1,572 | 1,562 | 1,559 | 1,526 1,526
30| 2,230 | 2,198 | 2,185 | 2,163 | 2,152 | 2,098 2,052
Aand B...._. 60| 1,858 | 1, 1,84 | 1, 1,792 | 1,792 1,734
0 00 | 1,497 | 1,485 1 1,476 | 1,485 } 1,494 | 1,476 1,
30| 2 2,662 | 2, 2,638 | 2 2,575 2,
(O . 60 | 2,297 | 2,207 | 2,280 [ 2,277 | 2,269 | 2,230 | 2,198
90 s ) 1, 1,915 , 1, 900 1,882
30| 2,702 | 2,682 | 2,678 | 2,670 | 2,655 | 2,588 2,568
Aand B...... 60| 2,229 [ 2,219 | 2,211 | 2,208 | 2,232 | 2,180 2,165
00 90 | 1,774 | 1,774 ) 1,800 | 1,795 1,832
....... 30| 3,271 | 3,267 ,232 | 3,232 3 3,171 3,140
[ & 60| 2,795 | 2,785 | 2,785 | 2,780 | 2,770 | 2,728 2,702
90 | 2,335 2,331 2,314 | 2,336 | 2,310 ( 2,310 2,314
30| 4,019 | 4,010 4,010 | 4,000 3,960 | 3,884 | 3,850
Asnd B.____. 60 |3, 3,270 | 3, 3,303 | 3,260 | 3,245 3,303
0000 90 | 2,558 | 2,564 | 2,605 | 2,614 | 2,672 | 2,672 2, 608
o= 30 | 4,830 | 4,708 | 4,708 ,780 | 4,798 | 4,7 4,
[ &, 60 | 4, 4, 4, 4,068 | 4, 4,050 4,050
90 | 3,343 | 3,320 | 3,338 | 3,370 | 3,402 | 3,387 3,379




254

APPENDIX B

Table 61.—Stringing Tensions for T. B. W. P, Solid Soft Copper Wire
HEAVY LOADING DISTRICT
[The tensions being such that when loaded at 0° F. the wires will bo stressed to 50

r cent of

their ultimate strength for grades A and B and 60 per cent for grade C],
Tensions (in ounds) for span lengths
Size Tem- in feet) of—
LW, Grade of construction pera-
No. ture
100 125 150 176 200
°F.

30 58 54 ;X 28 DR R

6__ C. 60 54 51 49

90 49 47 48

30 109 98 91
Aand Boeeoaeeaeo 60 96 90 88 .

4 90 88 85 81
""""" 30 171 137 121 .-
C. 60 138 121 112 |occmos e
90 116 109 b (0% 5 PR F
30 324 269 236 224 219
Aand B oo 60 248 224 209 209 206
2 90 201 198 193 196 196
""""" 30 433 349 308 287
C. 60 301 329 290 274 261
.90 276 266 253 248 248
30 491 416 367 334 324
Aand B.o._.._. [, 60 360 328 318 301 295
1 90 278 282 285 278 275
""""" 30 810 682 576 485 442
C.. 60 580 507 449 418 393
90 406 383 376 354 350
30 783 663 588 534 506
Aand B__ ... 60 551 497 485 456 456
0 90 414 414 414 414 431
"""""" 30| 1,156 | 1,024 892 787 713
C. - 60 824 746 680 630 605
90 592 568 551 538 526
30| 1,080 991 898 798 757
Aand Boooooooooooo ] 60 772 731 699 673 662
0. 90 548 574 584 579 584
"""" 30| 1,539 | 1,424 | 1,304 | 1,190 1,085
C. 60| 1,120 1,043 976 944 887
90 782 772 778 761 757
30| 2,001 | 1,876 | 1,768 | 1,634 1,618
Aand Bocoeoeooceaeaaas 60 1,410 1,353 | 1,360 | 1,319 1,303
0000 90| 1,020 | 1,020 | 1,062 | 1,070 1,136
it 30| 2,622 | 2,522 | 2,422 , 273 2,233
C. 60| 1,042 | 1,868 | 1,817 | 1,778 1,726
90| 1,335 1,353 | 1,410 | 1,304 1,435




TENSIONS FOR SOFT COPPER 255

Table 61.—Stringing Tensions for T. B. W, P. Solid Soft Copper Wire—
Continued

MEDIUM LOADING DISTRICT

[The tensions being such that when loaded at 15° F'. the wires will be stressed to 50 per cent
of their ultimate strength for grades A and B and 60 per cent for grade C]pe

Size Grade of Tem- Tensions (in pounds) for span lengths (in feet) of-
IYIV -G construction pera-
o. ure | 300 | 125 | 150 176 | 200 | 250
°F.
30 190 134 111
[ . [ & 60 137 111 100
90 1 91
30 298 230 193 181
Aand B__._.._....._. 60 212 183 1 161
4 90 161 150 147 147
"""" 30 461 309
[ I, 60 329 244
9% 235 218 196 196
30 663 590 519 449
Aand B.....___....._ 60 483 438 407 375
2 90| 33| 334 320 a8
"""" 30 906 820 756 689
[ 60 678 618 572 530
0 491 462 446 433
[ 30 888 806 738 655 666
Aand B...._.._...... 60 632 579 570 637 |- 488
1 90 445 439 449 436 439 449
-------- 30| 1,160 | 1,107 | 1,035 900 895 774
[ 60 885 838 753 702 662
90 632 625 609 609 589 566
30| 1,172 | 1,090 | 1,031 954 912 804
Aand B. ... ._....... 60 834 812 775 775 7 708
0 90 601 596 613 613 618 622
"""" 30| 1,508 | 1,450 ( 1,384 | 1,322 | 1,251 1,123
[ 60| 1,152! 1,110 | 1,074 | 1,040 995 958
90 1 816 816 812 812 800
30| 1,518 | 1,482 | 1,393 | 1,351 | 1,278 1,185
Aand Bouooooooomann. 60| 1,095 1,080 | 1,075 | 1,033 | 1,038 986
00 90 772 804 819 850 845 871
"""" 30| 1,930 | 1,868 | 1,836 | 1,806 | 1,606 1, 581
[ © 60| 1,493 | 1,461 1,420 | 1,403 [ 1,362 1,320
90| 1,069 | 1,064 | 1,085 | 1,100 | 1,080 | 1,100
30| 2,490 ( 2,458 | 2,423 | 2,315 2,200 2,165
Aand B...._._.._.__. 60( 1,826 | 1,801 1,801 | 1,801 ( 1,809 1,809
0000 90 | 1,269 | 1,320 | 1,394 | 1,403 | 1,469 1, 527
""" 30| 3,112 3,000 | 3,030 | 2,088 | 2,988 2,808
[0 NI 60| 2,390 | 2,408 | 2,373 | 2,341 | 2,350 2,291
90| 1,717 | L,760 | 1,777 | 1,836 | 1,802 1,900
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Table 61.—Stringing Tensions for T. B. W. P. Solid Soft Copper Wire—
Continued

LIGHT LOADING DISTRICT

[The tensions being such that when loaded at 30° F. the wires will be stressed to 50 per cent of
their ultimate strength for grades A and B and 60 per cent tor grade C]

Size Tem- | Tensions (in pounds) for span lengths (in feet) of—
AW.G Grade of ra-
‘No. | construction lgeme
. 100 125 150 175 200 250
°F.
30 279 239
AandB.............. 60 202 181
6 90 148 142
------ 30 384 342
C o 60 303 262
90 224 199
30 514 469 434
AandB.___...______. 60 383 347 334 311 290 . -
4 90 269 266 258 248 241 | -
"""" 30 648 619 594 554 508 |. -
C e 60 508 491 463 438 404 | -
90 381 362 355 342 332 |
30 882 846 809 772 731 658
AandB......_____ 60 663 650 619 600 584 568
2 90 480 475 475 485 485 480
"""" 30| 1,106 ( 1,078 | 1,044 | 1,010 969 904
C o 60 880 848 833 802 783 736
90 653 647 640 624 629 619
30| 1,136 ( 1,081 | 1,085 | 1,028 983 804
Aand B 60 852 826 822 800 780 750
1 | 90 609 619 619 638 622
R 30 ( 1,375| 1,362 ( 1,340 | 1,304 | 1,267 ( 1,199
[ O 60| 1,087 1,087 | 1,054 | 1,035 | 1,041 982
90 813 819 816 816 813 813
30| 1,450 | 1,409 | 1,367 | 1,359 | 1,310 | 1,214
AandB..___. ... 60 ( 1,000 | 1,069 | 1,069 1,060 | 1,027 | 1,019
0 90 783 787 808 812 842 871
"""" 30| 1,745 1,712| 1,707} 1,683 | 1,637 | 1,567
O 60 1,386 | 1,360 | 1,360 | 1,355 | 1,360 | 1,277
90| 1,040 1,032 | 1,056 | 1,060 | 1,056 1,060
30| 1,830 | 1,800 1,778 | 1,742 | 1,721 1,622
AandB.............. 60| 1,387 | 1,366 | 1,382 | 1,387 | 1,387 1,345
00 90 981 | 1,012 | 1,084 | 1,064 | 1,095 1,121
"""" 30| 2,211} 2,207 | 2,180 | 2,140 | 2,150 2,070
C e 60| 1,764 | 1,757 | 1,747 | 1,711 | 1,726 ( 1,708
90 ( 1,315 | 1,330 | 1,352 ( 1,357 | 1,394 1,394
30| 2,962 | 2,952 | 2,808 | 2,862 | 2,798 2,771
Aand Bo.ooeeeeeoo.... 60| 2,281 2,273 2,232 | 2,250 | 2,265 2,258
0000 90| 1,610 | 1,676 | 1,693 | 1,760 | 1,768 1,867
""" 30 | 3,538 | 3,543 | 3,520 | 3,494 | 3,452 3,403
L 60 | 2,822 | 2,848 | 2,822 2,839 | 2,789 2,807
90 | 2,090 | 2,159 | 2,159 | 2,190 | 2,232 2,282
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Table 62.—Stringing Tensions for Ordinary Grade Steel Wire

HEAVY LOADING DISTRICT

[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 0° F. the wxre
;vill bedst{:e]ssed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent
or grade

Steel T Tensions (in pounds) for span lengths (in feet) of—
wire | Gradeof | ST
gage | construction | §or
No. 100 125 150 175 200 250 300 400 500
°F,
30 130 89
SR I O X 60 185 99 79
90 110 83 70
[ 30 320 190 135 [ IR,
AandB____|} 60 140 - 1 2 PRI SRR IR [,
6. 90 135 115 105
""" 30 450 300 210 170 140 125 116 110
[ & 2, 60 430 300 220 170 150 130 120 110 110
90 280 210 160 145 130 125 115 110 110
30 640 480 360 280 240 200 185 175 165
and B___.
Aand B 60 430 330 260 230 210 185 180 170 165
4 90 270 230 210 195 185 175 170 165 165
“““ 30 970 850 710 560 450 310 260 220 210
[ & J—— 60 740 630 510 410 340 270 240 220 210
90 530 440 360 310 280 240 220 210 200

MEDIUM LOADING DISTRICT

[At 30 60, and 90° F. without load, the tensions being such that when loaded at 15° F. the wire
;n b:d sug]ssed to 50 per cent of ultimate strength for Grades A and B, and to 60 per cent
or grade

30 580 520 450 -
8 ... [ O 2, 60| 460 b 11 0 PIONO IRt IO NIl NI AN
90 340 300 | 240 |ooooooofoeiomen]eccceen e eeme et
30 670 610 530
Aand B._.__{ 60 500 450 380
6 90 360 310 270 -
""" 30 880 780 710 380 280
(O 60 710 660 610 550 490 390 320 260 | 220
90 550 500 | 460 | 410 370 ( 310 270 230 | 210
30 980 | 930 870| 790 720 500 480 | 370
A and B.___.{ 60 760 710 650 | 600 540 460 | 400 340 320
4 90 550 510 470 | 430 410 370 340 310 300
""" 30 (1,250 | 1,220 1,170 | 1,110 | 1,050 | 920 780 550 | 480
Coceeeeeee 60 | 1,030 990 | 950 | 890 730 630 | 480 | 440
90| 800 770 730 680 | 640 570 | 510 420 400
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Table 62.—Stringing Tensions for Ordinary Grade Steel Wire—
Continued

v LIGHT LOADING DISTRICT

[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 30° F. the wire
will be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent for

grade C]
Steel T Tensions (in pounds) for span lengths (in feet) of—
wire | Grade of . :r';
gage | construction | {oré
No. 100 125 150 175 200 250 300 400 500
1 ]
°F.
30 730 720 710
8 ... [ © J. 60 610 610 600
90 490 490 | 480 |- | e e feees
30 850 840 830 | -
Aand B..__.{ 60 680 670 660 I .
6 90 520 520 510 {5 ORI S S,
""" 30 (1,030 | 1,030 | 1,020 | 1,010 | 1,000 970 940 870 800
Cacceeeeecl .y 60 870 860 850 850 820 790 730 680
90 700 690 690 6380 680 660 640 610 580
301,180 | 1,170 | 1,160 | 1,150 | 1,140 | 1,110 | 1,070 970 860
AandB____{ 60| 950 | 940 930 920 91 800 | 860 810 760
4 90 720 720 720 720 710 700 690 680 660
""" 30| 1,420 | 1,420 | 1,410 | 1,400 | 1,390 | 1,370 | 1,340 | 1,260 | 1, 180
[ 60| 1,190 | 1,190 | 1,180 | 1,170 | 1,170 | 1,150 | 1,120 | 1,060 | 1,010
90 970 960 960 9. 9 930 910 830 860
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Table 63.—Stringing Tensions for Siemens-Martin Steel Wire
HEAVY LOADING DISTRICT
[At 30, 60, and 90° F., without load, the tensions being such that when loaded at 0 °F., the wire

adbe Cs]tressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent for
grade

Steel Tem- Tensions (in pounds) for span lengths (in feet) of—

wire | Grade of construe- | oo
gage tion ot

No. 200 | 250 | 300 | 400 | 500 | 600 | 700 | 1,000
. °F.

30 40 260 200 160 150 1456 140 |

6. [0 J 60 330 220 185 156 150 145 140 [

90 250 190 170 150 145 140 140 |

30 530 350 280 240 220 210 210 |-

AandB...._..__. 60 400 290 260 230 220 210 210 |-cee--

4 90 310 260 240 220 210 210 200 |.oee--

""" 30 | 1,000 730 520 340 300 270 270 260

[ 60 780 570 420 320 290 270 260 260

90 590 440 360 300 280 260 260 260

MEDIUM LOADING DISTRICT

[At 30, 60, and 90° F., without load, the tensions being such that when loaded at 15° F., the
;vire vzgl lastressed to 50 per cent ‘of ultimate strength for grades A and B, and to 60 per cent
or grade

30 | 1,010 890 760 520 390 330 300 270

6. [ 2 — 60 820 730 620 440 350 310 200 270
90 690 580 490 380 320 300 280 260

30| 1,130 | 1,020 860 640 520 450 430 300

Aand B.......... 60 910 810 690 550 470 430 410 380

4 90 700 640 560 470 430 400 390 370
“““ 30 | 1,500 | 1,410 | 1,300 | 1,060 830 670 500 490
[ —— 60 | 1,280 | 1,180 | 1,090 880 720 610 650 480

90 | 1,060 970 890 730 620 550 520 470

LIGHT LOADING DISTRICT

[At 30, 60, and 90° F., without load, the tensions being such that when loaded at 30° F., the
wire will be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per
cent for grade C]

30| 1,280 | 1,260 | 1,240 | 1,190 | 1,130 | 1,060 | 1,000 830

[ T [ 60| 1,110 | 1,000 | 1,080 | 1,030 980 920 880 760
90 940 930 | 920 880 840 800 770 700

30 11,450 | 1,430 | 1,400 | 1,330 | 1,260 | 1,180 | 1,110 | 960

Aand Boaeeo..... 60 | 1,230 | 1,210 | 1,180 | 1,130 | 1,080 | 1,020 980! 890

4 90 |1, 990 | 980 | 950 920 890 870 830

""" 301,770 | 1,750 | 1,730 | 1,680 | 1,620 | 1,540 | 1,480 | 1,280

[ J 60 | 1,540 | 1,530 | 1,510 | 1,460 | 1,410 | 1,350 | 1,300 | 1,160

90 | 1,310 | 1,300 | 1,290 | 1,260 | 1,220 ’ 1,170 | 1,140 | 1060
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Table 64.—Stringing Tensions for High-Tension Steel Wire
HEAVY LOADING DISTRIOT

[At 30, 60, and 90° F., without load, the tensions being such that when loaded at 0° F., the wire
will becstressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent for
e
Steel T Tensions (in pounds) for span lengths (in feet) of—

wire | Grade of construc- °£_’
gage tion lzf".e

No. 200 250 300 400 500 600 700 | 1,000
°F.

30| 1,730 | 1,600 [ 1,420 ( 960 | 560 | 400 | 330 | 250

(s T o. 60| 1,570 | 1,430 [ 1,260 ( 810 | 480 | 380| 320| 250

90 | 1,400 | 1,260 | 1, 100 630 420 350 300 250

301,970 | 1,800 | 1,590 | 1,110 710 540 470 390

A and B.. 60| 1,730 | 1,570 | 1,370 930 620 500 440 380

4 90| 1,500 | 1,340 | 1,160 770 560 460 420 370

""" 30| 2,660 | 2,430 | 2,280 { 1,940 | 1,500 | 1,070 790 520

[ 60 | 2,330 | 2,190 | 2,050 | 1,720 | 1,200 | 930 710 | 500

90 | 2,100 | 1,960 | 1,820 | 1,500 | 1,110 820 650 490

MEDIUM LOADING DISTRICT
[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 15° F. the

wire will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per
cent for grade C]

30 | 2,000 | 1,970 | 1,920 | 1,790 | 1,640 | 1,440 | 1,220 740

[ J— [ 60 1,820 | 1,800 | 1,750 | 1,620 | 1,480 | 1,290 | 1,000 690
90| 1,660 | 1,630 | 1,580 | 1,460 | 1,320 | 1,140 960 630

30 | 2,200 | 2,240 | 2,180 | 2,020 | 1,830 | 1,620 | 1,400 950

AandB.......... 60| 2060 (2010 1,950 | 1,800 { 1,620 | 1,430 | 1,230 880

4 90 | 1,830 | 1,780 | 1,720 | 1,580 | 1,420 | 1,250 | 1,080 820
""" 30 (2,810 (2770 | 2,730 | 2,620 | 2,480 | 2,320 | 2,140 | 1,540
(O N 60 | 2,580 | 2,540 | 2,500 | 2,400 ( 2,250 | 2,100 | 1,930 | 1,390

90 | 2,350 | 2,310 | 2,270 | 2,170 | 2,030 | 1,880 | 1,730 | 1,260

LIGHT LOADING DISTRICT

[At 30,60, and 90° F. without load, the tensions being such that when loaded at 30° F. the
wire will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per
cent for grade C]

30 | 2,160 | 2,150 | 2,140 | 2,120 | 2,100 | 2,080 | 2,060 | 1,910

6..... [ R 601,080 | 1,980 | 1,970 | 1,950 | 1,930 | 1,910 | 1,860 | 1,750

90| 1,820 1,820 | 1,810 | 1,800 | 1,770 | 1,750 | 1,720 | 1,610

30 | 2,470 | 2,470 | 2,450 | 2,430 | 2,400 | 2,350 | 2,310 | 2,130

Aand B.......___ 60 | 2,240 | 2,230 | 2,220 | 2,200 | 2,180 | 2,140 | 2,090 | 1,940

4 90 (2,020 | 2010 | 1,990 | 1,970 | 1,950 | 1,910 | 1,870 | 1,770

""" 30| 2,980 | 2,970 | 2,960 | 2,940 | 2, 2,890 | 2,860 | 2,730
Coees 60 ] 2,750 | 2,740 | 2,730 | 2,710 [ 2,690 | 2,660 | 2,640 | 2,5

00 | 2,530 | 2,520 | 2,510 | 2,490 | 2,470 | 2,440 | 2,420 | 2,320
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Table 65.—Stringing Tensions for Ordinary Grade Steel Cable
. HEAVY LOADING DISTRICT
[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 0° F. the

cable will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per
cent tor grade C]
; dcizgll? Grade of | Tem- Tensions (in pounds) for span lengths (in feet) of
construc- | pera-
eter tion | ture
(inches) 100 125 150 176 200 | 250 300 400 | 500
°F.
30| 47 320 | 220 170 150 130 125 120 115
A and B..{ 60 340 230 175 150 140 125 125 115 115
Y 90 230 176 150 135 130 120 120 116 1156
Cabbt 30| 770 630| 480 | 350 260| 195 170 | 150 | 145
[ 2 60| 610 500 370 270 | 220 180 160 150 140
90 | 470 360 270 220 160 165 155 145 135
30 (1,140 | 1,010 | 880 740 610 450 390 | 340 330
Aand B_..{ 60| 900 780 670 560 | 460 | 400 360 330 320
& 90| 670 580 500 450 410 360 340 320 320
""" 30| 1,550 | 1,440 | 1,330 | 1,210 | 1, 820| 620 480 | 420
(O 60 {1,200 | 1,190 | 1,100 990 680 550 450 | 410
90 | 1,040 960 870 780 | 690 | 550 480 420 | 390
30 (1,680 | 1,580 | 1,460 | 1,320 ( 1,180 | 920 780 840 580
Aand B__|{ 601,350 1,260 | 1,1 1,040 770 690 600 560
3% 90 | 1,020 950 870 | 800 740 | 660 620 | 560 540
B-eooen 30 {2200 2130 2030(1,920 1,80 | 1,530 | 1,280 940 800
(O, 60| 1,850 | 1,780 | 1,690 | 1,590 | 1, 1,260 | 1,070 840 760
90 (1,510 | 1,460 | 1,370 | 1,280 | 1,170 | 1,020 910 770 710
30 (2570 | 2,480 | 2,370 | 2, 2,140 | 1,870 | 1,630 | 1,320 | 1,180
Aand B..{ 602,080 (2000|1900 1,810 | 1,710 | 1,530 | 1,370 | 1,180 | 1,110
& 90 | 1,600 | 1,540 | 1,480 | 1,420 | 1, 1,250 | 1,170 | 1,080 | 1,050
------ 30 (3,280 | 3,210 | 3,130 | 3,040 | 2,940 | 2,700 | 2,450 | 1,990 | 1,690
Coceeeeeee 60 | 2,780 | 2,710 | 2,640 | 2,560 | 2,470 | 2,250 | 2,060 | 1,730 | 1,520
90 | 2,280 | 2,220 | 2,160 | 2,100 | 2,020 | 1,880 | 1,720 | 1,510 | 1,390
30 | 3,120 | 3,020 | 2,930 | 2,830 | 2,720 | 2,470 | 2,200 | 1,790 | 1,600
Aand B.|{ 602,520 2,460 | 2,380 , 2,290 | 2,180 ; 1,980 | 1,840 | 1,590 | 1,480
3% 90 1,940 { 1,910 | 1,860 | 1,800 { 1,730 | 1,630 | 1,550 | 1,420 | 1,380
------ 30| 3,970 | 3,900 | 3,830 | 3,740 | 3,640 | 3,420 | 3,180 | 2,720 | 2,320
[ 60 | 3,380 | 3,300 | 3,230 | 3,150 | 3,070 | 2,880 | 2,670 | 2,330 | 2,060
90 | 2,780 | 2,720 | 2,660 | 2,590 | 2,520 | 2,380 | 2,240 | 2,030 | 1,860
30 | 4,210 | 4,150 | 4,070 | 3,960 ( 3,840 | 3,600 | 3,380 | 2,930 | 2,620
A and B__{{ 60 | 3,440 | 3,380 | 3,300 | 3,230 | 3,150 | 2,960 | 2,800 | 2,560 380
& 90 | 2,670 | 2,630 | 2,580 | 2,530 | 2,480 | 2,410 | 2,350 | 2,260 180
"""" 30 | 5,310 | 5,280 | 5,230 | 5,140 | 5,050 | 4,840 | 4,590 | 4,140 | 3,720
Coceeeeee 60 | 4,500 | 4,470 | 4,420 | 4,350 | 4,280 | 4,100 { 3,900 | 3,560 | 3,290
90 | 3,700 | 3,680 | 3,650 | 3,600 | 3,540 | 3,400 | 3,270 | 3,080 | 2,920
30 | 5,250 | 5,160 | 5,070 | 4,980 | 4,880 | 4,660 | 4,390 | 3,960 | 3,590
A and B__[{ 60| 4,280 | 4,190 | 4,140 | 4,060 | 3,990 | 3,830 | 3,680 | 3,440 | 3,240
5 90 | 3,340 | 3,200 | 3,250 | 3,220 | 3,180 | 3,140 | 3,080 | 2,080 | 2,930
Bocooon 30 | 6,550 | 6,500 | 6,440 | 6,370 | 6,280 | 6,100 | 5,860 | 5,410 | 4,970
Coreeeeeee 60 | 5,570 | 5,530 | 5,480 | 5410 | 5,340 | 5,190 | 4,980 | 4,660 | 4,380
90 | 4,560 | 4,540 | 4,500 | 4,470 | 4,430 | 4,310 | 4,210 | 4,030 | 3,880
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Table 65.—Stringing Tensions for Ordinary Grade Steel Cable—Con.
MEDIUM LOADING DISTRICT

[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 15° F. the cable
will be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per cent

for grade C}

Cable | Grage of | Tem-

Tensions (in pounds) for span lengths (in feet) of—
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TENSIONS FOR STEEL CABLE
LIGHT LOADING DISTRICT
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Table 66.—Stringing Tensions for Siemens-Martin Steel Cable
HEAVY LOADING DISTRICT
[At 30, 60, and 90° F. without load, the sags being such that when loaded at 0° F. the cable

Wigi b% s]l;rcssod to 50 per cent of ultimate strength for grades A and B and to 60 per cent for
grade

ns] in pounds) for span lengths (in feet) of—
g&z‘: Grade of | Tem- Tensions (in pounds) for span lengths ( )
eter | comstruc- | pera-
(inches)| tlom [ ture} on9 250 300 400 - | 500 600 700 | 1,000
°F.
30 | 1,210 720 520 450 420 410 410
Aand B_._{ 60 770 620 480 440 410 400 400
& 20 780 620 530 450 430 390 390
------ 30| 1,790 | 1,520 | 1,270 870 850 570
(o 60| 1,530 | 1, 1,080 760 610 550 520 470
90 | 1,300 | 1,070 980 680 570 520 500
30| 1,940 1,700 | 1,450 | 1,070 870 770 730 680
AandB..{ 60| 1,620 [ 1,420 | 1,210 950 820 740 720 670
2% 90| 1,310 1,150 | 1,020 860 770 70 b
Boeoeee 30| 2,600 | 2,480 | 2,250 | 1,750 | 1,360 | 1,110 | 1,010 870
[o 60| 2,360 | 2,140| 1,920) 1,520 | 1,230 | 1,040 850
90| 2,030 1,80 | 1,630 1,310 { 1,100 970 910 830
30 | 3,140 | 2,010 | 2,660 1,840 | 1,600 | 1,470 | 1,340
AandB__{ 60| 2 2,440 | 2,250 | 1,910 | 1,660 | 1,490 | 1, 1,300
90| 2,190 2,050 | 1,800 | 1,650 | 1,500 | 1,400 | 1,350 | 1,270
16-o-eme 30 3,020 [ 3,740 [ 3,260 | 2,790 | 2,400 | 2,120 | 1,730
[o 60 | 3, 3,440 | 3,270 | 2,860 | 2,460 | 2,160 | 1, 1,670
90| 3,110 | 2,960 | 2,810 2,470 | 2,160 | 1,950 | 1, 1,610
30| 3,010 3660 3,300 | 2,930 | 2,540 | 2,240 | 2,040 | 1,790
Aand B__{ 60 340 [ 3,120 | 2,900 | 2,550 | 2,250 | 2,040 | 1,910 | 1,740
1% 90| 2,780 | 2,580 | 2,410 2,180 | 2,020 | 1,900 | 1,810 | 1,690
Beeeen- 30| 4,050 | 4,800 4,600 | 4,150 3,660 | 3,260 | 2,890 | 2,370
(o JNN—— 60| 4,360 | 4,220 | 4,040 | 3,650 | 3,250 | 2,930 | 2,660 | 2,280
90, 3,770 | 3,650 | 3,500 | 3,160 | 2,840 | 2,620 | 2,440 | 2,180
30| 5320 5120| 4,920 4,470 | 4,040 | 3, 3,320 | 2,920
AandB_.[{ 60| 4,550 | 4,360 | 4,180 840 | 3,550 | 3,270 | 3,070 | 2,810
& 90| 3 3,650 | 3,520 | 3,330 | 3,150 | 2, 2, 2,
------ 30| 6,750 | 6,600| 6,410 [ 6,010 | 5590 | 5100 | 4,670 | 3,
(o S 60 940 | 5,830 | 5, 5,340 | 4,950 | 4,570 | 4,260 | 3,650
90 | 5130 | 505 | 4,960 [ 4, 4,320 | 4,070 | 3,850 | 3,470
30| 6,630 | 6,460 | 6,230 | 5,770 | 5340 | 4,940 | 4,570 | 4,030
AandB_.; 60| 5700 555 | 5360 | 5030 | 4,700 | 4,420 | 4,180 | 3,840
5 00 | 4,770 | 4,630 | 4,500 | 4,300 [ 4,140 3,870 | 3,
Beos - 30| 8340 8,190 | 8,030| 7,660 | 7,250 | 6,800 | 6,320 [ 5,330
(o Juu— 60| 7,370 | 7,250 | 7,110 | 6,790 | 6,450 | 6, 5,670 | 5,
90| 6,410 6,310| 6,200 5950 | 5670 | 5420 | 5,150 | 4,670
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TENSIONS FOR STEEL CABLE
[At 30, 60, and 90° F., without load, the tensions being such that when loaded at 15° F., the
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Table 66.—Stringing Tensions for Siemens-Martin Steel Cable—Con.
LIGHT LOADING DISTRICT

[At 30, 60, and 90° F. without load, the tensions being such that when loaded at 30° F. the
cable will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per

cent for grade C]

Cable | Ga4e of [Tem-

Tensions (in pounds) for span lengths (in feet) of—

dé?g." construc- | pera-
(inches)| tom fturef o55 | 950 | 300 | 400 | 500 | 600 | 700 | 1,000
o,

30| 2,000] 1,970 | 1,940| 1,800 [ 1,780 | 1,690 | 1,610 1,410
Aand BJ{ 60| 1750 | L720| 1700 | Ted0| 1570 | 1,510 | 1460 | 1,320
& 90 1, 510 1,480 1, 460 1, 420 1,370 1,340 1,310 1,230
------ 30| 2420 | 2,400 | 2,380 | 2,330 | 2,270| 2190| 2100| 1,870
Cueeee 60| 2170 2150 | 2140 | 2,000 | 2,040 | 1,880 | 1,810 | 1,730
9| Lo20| 1,910 | 18o0| 1,850 L80| 1770 | 1,710| 1,500
30 2,760 | 2,750 | 2,710 | 2,620 | 2,510 | 2,430 { 2,350 2,090
Aand B 60| Z420| Z410| 2380 | 232 | 2210| 2180 | 2130 | 1 960
3% 90| 2,080 | 2,070 2,060| 202 1,960 | 1,930 1,910 1, 820
------ 30| 2,350 | 3,330 | 3,300 | 3,240 | 3,160 | 3,080 | 2080 | 2710
Curnns 60| 3,010 | 2,990 | 2,060 | 29010| 2850 | 2700 | 2710]| 2510
90| 2,670 2,650 | 2,620 | 2,580 | 2,540 | 2,490 | 2.440| 2,310
30| 4,030 4000 3,970 3,90 3,80 3,70 3,620| 3,370
Aend B! 60| 3,540 | 3,620 | 3,500 | 3,450 | 3,300 | 3,330 | 3270 | 3110
& 9| 3050 | 3,040 | 3,030 | 3000| 208 | 295 | 2,930 | 2,900
""" 30| 4,850 | 4,840 | 4,820 | 4,770 | 4,700 | 4,620 | 4,540 | 4,250
Comeee. 60| 4310| 4330 | 4320| 420 €£240| 418 | £130| 3940
90| 3840 | 3,830 | 3,820 | 3,800 | 3,780 | 3,750 | 3,730 | 3,630
30! 4,840 4,810] 4,770 4,680 4 4,450 | 4,330 | 4,000
Aand B.{{ 60| 4250 | 4230 | 4200| 4140 4070| 4000 3030 3800
% 90| 3,670 | 3,660 | 3,640 | 3,610 | 3,680 | 3,560 | 3,560 | 3,510
------ 30| 580/ 5810 5780 | 5720 5640 | 555 548 | 5350
Coemeee 60| 5220| 5210| 5190| 5150 5000 | 5030 | 4060 | 4850
80 | 4,620 | 4,610 | 4,600 , 4,550 | 4,510 | 4,450 | 4,360
30| 6440 | 6,420 | 6,300 | 6,300 | 6,180 | 6,080 | 6000| 5880
A and B. 60 5, 660 5, 650 5,640 ,600 | 5,540 | 5,470 | 5,430 | 5,380
& 90| 4870| 4,870 | 4870| 4870 480 | 4870 | 480 4870
------ 30| 7760| 7,740 | 7700 | 7,650 | 7580 | 7.500 | 7400 7,110
Comnenn 60| 6930 | 6920 | 690 6830| 6820 678 | 6730/ 6550
9| 6100| 6100 6,090| 6080 | 6070 607 | 6050 5980
30| 7,900 7,88 7,85 7,780 | 7,680 | 7,570 | 7,470 | 7,140
AendB_|{ 60| 6,940 | 6930 | 6920| 6800 | 6810 | 6800| 6750 662
56 9| 590| 590 590 6000 | 6010| 6030 605/ 6100
(RS 30| 9,510 | 9,490 | 9,460 | 9,410 | 0,350 | 9,250 | 160 | 8 800
Cueeen J[ 60| 8500 | 8480 | 8460 | 8430 | 8400 | 8370 | 8330 8190
90| 740 7 7,460 | 7,460 | 7,480 | 7,480 | 7, 7, 490
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Table 67.—Stringing Tensions for High-Tension Steel Cable
HEAVY LOADING DISTRICT
[At %016 eohand 90° F. without load, the tensions being such that when loaded at 0° F. the
cal W

1 be stressed to 50 per cent of ultimate strength for grades A and B and to 60 per
cent for grade C]

Tensi i unds) for span lengths (in feet) of—
gﬁﬂ? Grade of | Tem- nsions (in po ) P gths (in feet)
eter construc- | pera-
(inches)| R | Wrel 900 | 950 | 300 | 400 | 500 | 600 | 700 | 1,000
°F.
30 [ 2,990 | 2,840 | 2,660 | 2,250 | 1,850 | 1,420 | 1,130 800
AandB_ |y 60| 2,700 | 2,570 | 2,420 | 2,040 | 1,650 | 1,270 | 1,040 770
& 90| 2,420 | 2,310 | 2,180 | 1,830 | 1,450 | 1,140 960 740
""" 30| 3,670 3,500 | 3,500 | 3,240 | 2,860 | 2,430 | 2,060 [ 1,230
[ O 2 60 | 3,410 | 3,340 | 3,240 | 2,990 | 2,640 | 2,220 | 1,860 [ 1,160
90| 3,160 3,080 | 2,900 [ 2,760 | 2,420 | 2,000 | 1,670 | 1,080
30| 4,160 4,050 | 3,920 | 3,500 ( 3,210 [ 2,760 | 2,340 | 1,560
AandB__{ 60| 3,810} 3,600 | 3,560 | 3,260 ( 2,890 | 2,480 | 2,110 | 1,490
3 90| 3,460 | 3, 3,210 | 2,920 | 2,580 ( 2,220 | 1,900 [ 1,420
8-cmeen 30| 5,150 ( 5,060 ! 4,970 | 4,740 | 4,460 [ 4,110 | 3,640 [ 2,630
[ O 60| 4,80 | 4,710 4,620 | 4,400 | 4,120 | 3,790 | 3,330 | 2,500
90 | 4,440 4,270 | 4,050 | 3,780 | 3,460 | 3,030 | 2,360
30| 6,130 | 6,020 ( 5910 | 5640 | 5320 | 4,90 | 4,550 | 3,400
AandB_.{ 60| 5,630 5530 5420| 5170 | 4,870 | 4,510 | 4,140 | 3,140
& 90| 5120 | 5030 | 4,940 | 4,680 ( 4,390 | 4,060 ( 3,730 | 2,930
------ 30| 7,500 | 7,450 | 7,380 | 7,200 6,9 6,670 | 6,350 | 5, 260
Coimeeen 60| 7,000 6,950 | 6,80| 6,700| 6,470 | 6,210 | 5,800 [ 4,850
90| 6,490 [ 6,450 | 6,380 | 6,200 3 5,710 | 5,430 | 4,440
30| 7,380 | 7,300 | 7,200 | 6,020 | 6,600 | 6,230 | 5860 4,620
AandB_.{ 60| 6,770 | 6,700 | 6,600 | 6,350 | 6,040 | 5700 [ 5350 | 4,270
1 90 | 6,160 | 6,100 ( 6,000 | 5750 | 5,460 [ 5150 | 4,850 | 3,940
""" 30| 9,050 | 8, 8,920 | 8,750 | 8,400 [ 8,210 ! 7,910 | 6,840
[ 0 U, 60 | 8440 | 8,38 | 832 | 8150 | 7,900 7,630 | 7,330 [ 6,340
90| 7,840 | 7,780 | 7,710 ( 7,550 | 7,310 | 7,050 | 6,750 | 5,850
30| 9,900 9,80 | 9,750 | 9,510 | 9,200 | 8,850 | 8,500 | 7,310
Aand B.{ 60 9,100 9,030 | 8,940 | 8,710 4 8,120 | 7,790 | 6,750
= 90 | 8,300 8,150 | 7,930 | 7,670 | 7,370 f 6,210
""" 30 | 12,080 | 12,020 | 11,960 | 11,800 { 11,600 | 11,310 | 11,020 | 10,110
Cocmeeee 60 | 11,280 | 11,210 | 11,150 | 10,990 | 10,800 | 10, 520 | 10, 250 ),
90 | 10,440 | 10,390 | 10,330 | 10,180 | 10,000 | 9,750 | 9,500 | 8,710
30 | 12,150 | 12,070 | 11,980 | 11,780 { 11,520 | 11,150 | 10,780 | 9,700
Aand B_|{ 60 {11,160 | 11,080 | 11,010 | 10, 820 | 10, 580 ), , 8,950
5% 90 ), 10, 140 9, 3 9, 350 5 8,240
8ocnen 30 | 14,800 | 14,750 | 14,700 | 14,570 | 14,380 | 14,100 | 13,820 | 13, 000
(O, 60 | 13,820 | 13,780 | 13,720 , 580 | 13,380 | 13,140 | 12,800 | 12,100
90 | 12,850 | 12,800 | 12,730 | 12,600 | 12,420 | 12,180 | 11,940 | 11,280
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Table 67.—Stringing Tensions for High-Tension Steel Cable—Contd.
MEDIUM LOADING DISTRICT
[At 30, 60, and 90°F. without load, the tensions being such that when loaded at 15°F. the

cable will be stressed to 50 per cent of ultimate strength for grades A and B, and 60 per
cent for grade C]

Tensions (in pounds) for span lengths (in feet) of —
g.:ﬂf Grade of | Tem- (n p ) for ep: gths ( )
oter | construc- | pera-
(inches)] PR | ture | 900 | o950 | 300 | 400 | 500 | 600 | 700 | 1,000
°F.
30| 3,200 3,170 | 3,120 | 3,000 | 2,850 | 2,680 | 2,480 | 1,860
Aand B..{ 60| 2,90 | 2,920 2,870 | 2,760 | 2,610 | 2,450 | 2,280 | 1,720
D P 90| 2,720 | 2,670 630 | 2,620 2,370 | 2,220 | 2,060 | 1,590
30| 3,920 | 3,800 | 3,850 | 3,770 | 3, 3,520 | 3,370 2,870
[ O 60| 3,670 3,630 | 3,590 | 3,510 | 3, 3,270 | 3,130 | 2,650
90| 3410 | 3,380 | 3,340 | 3,250 | 3,150 | 3,030 | 2,900 | 2 440
30| 4,450 | 4,420 | 4,370 | 4,260 4,1 3,980 | 3,790 | 3,120
Aand B.|{ 60| 4,100 | 4,060 | 4, 3,930 | 3,810 | 8,660 3,490 | 2,920
" 90| 3760 | 8,730 | 3,690 | 3,600 3,480 | 3,340 | 3180 | 2,720
Bommmon 30| 5400 538 ( 535 | 5270| 5190 | 5060 | 4,900 | 4,230
Coceeeeee 60| 505 | 5030 5000 | 4,930 4,850 | 4,720 | 4,560 | 3,920
90| 4690 | 4680 | 4660| 458 | 4,50 | 4380 | 4220/ 3 640
30| 6,470 | 6,440 | 6,400 | 6,310 | 6, 6,060 | 5,870 | 5,340
Aand B_|{ 60 5,040 [ 5900 | 5820 5710 | 5590 | 5430 | 4,940
& 90| 5490 | 5450 5420} 5330 | 5230 ( 5120| 4,940 4,540
""" 30| 7,801 7,82 | 7,800 7,740 | 7,650 7,550 | 7,450 | 7,000
[ & 60| 7,320 7,310 7,200 ( 7,240 | 7,150 | 7,060 [ 6,960 | 6,560
80| 680/ 680 678 ]| 6730 | 665 | 6570 | 6470 | 6 120
3| 7,770 | 7,740 7,700 ( 7,610 | 7,500 | 7,330 | 7,170 | 6,690
Aand B_.[{ 60| 7,18 ( 7,150 | 7,120 7,030| 6,900 | 6,760 [ 6,620 | 6,190
1% 90 , 580 | 6,540 | 6,500 | 6,430 | 6,320 ( 6,190 | 6,070 | 5,700
2en---- 30| 9,410 9,390 | 9,360 ( 9,290 | 9,200 | 9,090 | 8,960 | 8,550
C.o...... 60 8,800 87 8,750 | 8,600 | 8,610 | 8520 8,380 | 8 000
9 | 8190 | 8180 | 8,150 | 8100| 8010 7,920 | 7,810 | 7,460
30 | 10,370 | 10,340 | 10,310 | 10,230 ( 10,120 | 9,980 { 9,820 [ 9,370
Aand B_ 9, 590 ,550 | 9,520 9,450 | 9,350 | 9,220 | 9,080 | 8,690
s 90 | 8,780 | 8,740 | 8,710 ( 8,650 550 | 8,460 | 8,350 | 8,030
""" 30 | 12,530 | 12,510 | 12,500 | 12,440 | 12,370 | 12,270 | 12,1 11, 780
Coceeeee 60 | 11,700 | 11,680 | 11,660 | 11,620 | 11,570 | 11, 4 11,360 | 11,000
90 | 10,910 | 10,880 | 10,860 { 10,810 | 10,770 | 10,700 | 10, 580 | 10, 260
30 | 12,700 | 12,680 | 12,650 | 12, 560 | 12,440 | 12,320 | 12,190 | 11,720
A and B. 60 | 11,710 | 11,700 | 11,690 | 11,600 | 11,500 | 11,390 | 11,260 | 10, 880
5% 90 | 10, 740 | 10,720 | 10,700 ( 10,640 | 10, 540 | 10, 440 | 10, 330 | 10, 060
8.-nne- 30 | 15, 15,350 | 15,320 | 15,250 | 15, 15,100 | 15, 14, 550
Coceeeaet 60 | 14,380 | 14,350 | 14,330 | 14,280 | 14,200 | 14,130 | 14,040 | 13,660
90 | 13,380 | 13,370 | 13,350 | 13,320 | 13,250 | 13,170 | 13,100 | 12,780
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Table 67.—Stringing Tensions for High-Tension Steel Cable—Contd.
LIGHT LOADING DISTRICT
[At 30, 60, and 90° without load the tensions being such that when loaded at 30° F. the cable

will be stressed to 50 per cent of ultimate strength for grades A and B, and to 60 per cent
for grade C)

gi:‘g? Grade of | Tem- Tensions (in pounds) for span lengths Qn feet) of—
eter construe- | pera-
(inches)] 4O0B | twre| o09 | 950 | 300 | 400 | 00 | 600 | 700 | 1,000
°F.
30| 3,300 3,380 ( 3,370 | 3,340 | 3,300 | 3,260 ( 3,200 | 3,030
Aand B.{ 60| 3,140 3,130 | 3,120 ( 3,000 | 3,050 | 3,020 | 2,960 | 2,810
& 90 | 2,880 | 2,870 | 2,80 | 2,840 | 2,810 | 2,780 | 2,740 | 2,590
""" 30 4,080 | 4,070 4,060 4,040 | 4,020 3,980 [ 3,950 | 3,800
Coeeeeee 60| 3,80 | 3,810| 3,80 | 3,790 | 3,760 | 3,730 | 3,700 | 3,560
90 | 3,560 | 3,560 | 3,550 | 3,540 | 3,510 | 3,480 | 3,450 | 3,330
30| 4,660 4,650 | 4,650 | 4,620 4,580 | 4,540 | 4,470 | 4,280
Aand By 60| 4,310 | 4,310| 4,300 | 4,280 ( 4,240 | 4,210 | 4,150 | 3,990
3% 90 | 3,070 | 3,960 | 3,960 | 3,040 ( 3,010 | 3,880 | 3,840 | 3,710
Gk 30| 5610| 5,600 5600 5570 65650 | 5510 | 5470 | 5,320
[ O, 60| 5250 5,250 5240 | 5220 5,200 | 5170 | 5140 | 4,990
90 | 4,900 | 4,000 | 4,890 | 4,880 | 4,800 | 4,840 | 4,820 | 4,670
30| 6770 6760 6,730 | 6,710 | 6,670 | 6,610 | 6,550 | 6,380
Aand B.{ 60| 6260| 6,250 6,230 6,220 6,180 | 6,130 | 6,100 | 5,960
& 9 | 570 | 5750 | 5740 | 5,730 5700 5660 | 5630 | 5, 540
""" 30| 8130 | 8120 8100 ( 8080 8050 | 8020 | 7,980 | 7,840
Coeeeeee 60| 7,620 | 7,600 | 7,690 ( 7,680 | 7,560 | 7,530 | 7,490 | 7,360
90 7,100 7,000! 7,080 | 7,080 | 7,060 | 7,040 | 7,000 | 6,870
30, 8110 8100| 8080 | 8060 8010 | 7,960 | 7,900 | 7,650
Aand B.{ 60 7,610 | 7,500 | 7,490 | 7,470 | 7,430 | 7,380 | 7,330 | 7,160
1% 9% | 6,910 6,900 ,800 [ 6,870 | 6,840 | 6,810 | 6,770 | 6,650
2-mmoe 30| 9,740 | 9,730 | 9,720 | 9,600 | 9,670 [ 9,650 [ 9,500 | 9,420
lC ........ 60| 9,130 | 9,120 [ 9,110 | 9,090 | 9,080 | 9,060 | 9,000 | 8,850
90| 8,510 | 8,600 | 8490 | 8,480 | 8,470 | 8460 | 8,410 | 8,280
30 | 10,760 | 10,780 | 10,770 | 10,750 | 10,710 | 10,650 | 10,600 | 10, 300
A and B_|{ 60| 10,010 ), 9,080 | 9,950 | 9,920 ( 9,860 | 9,800 | 9,630
& 90| 9,190 | 9,180 | 9,170 ), 1 9,140 | 9,100 | 9,050 | 8,940
""" 30 | 12,970 | 12,960 | 12,940 | 12,930 | 12,900 | 12,880 | 12,850 | 12,670
Cocaeaee 60 | 12,150 | 12,140 | 12,130 | 12,110 | 12,090 | 12,080 | 12,060 | 11,900
90 | 11,320 | 11,320 | 11,310 | 11,300 | 11,300 | 11,200 | 11,280 | 11,160
30 | 13,230 | 13,220 | 13,210 | 13,200 | 13,150 | 13,100 | 13,020 | 12,800
A and B.|{ 60| 12,280 | 12,280 | 12,280 | 12,250 | 12,210 | 12,180 | 12,120 | 11,960
5 90 | 11,280 | 11,280 | 11,280 | 11,260 | 11,240 | 11,220 | 11,200 | 11,130
Boonnas 30 | 15,890 | 15,880 | 15,870 | 15,840 | 15, 15,800 | 15,770 | 15,600
Coaceeaaaa 60 | 14,800 | 14,880 | 14,870 | 14,850 | 14,830 | 14,810 | 14,780 | 14,670
60 | 13,890 | 13,880 | 13,880 | 13,860 | 13,850 | 13,840 | 13,820 | 13,
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Table 68.—Stringing Tensions for Bare Copper-Covered Steel Wire
(Ordinary Grade)

HEAVY LOADING DISTRICT
[The tensions being such that when loaded at 0° F. the wires will be stressed to 50 per cent

of their ultimate strength]
Tensions (in pounds) for span lengths (in feet) of—
aSze | aradeor | Tem
'No' construction ture
‘ 100 125 150 175 200 250 300
°F.
[ J— AandB._..__ 30 637 530 424 310
60 548 41 341 246
90 460 352 264 197
[ S AandB___._. 30| 1,037 964 863 752 635 400 274
60 901 822 729 620 507 314 44
764 685 594 495 400 275 222

MEDIUM LOADING DISTRICT
[The tensions being such that when loaded at 15° F. the wires will be stressed to 50 per cent

of their ultimate strength]
Size Tem- Tensions (in pounds) for span lengths (in feet) of—
A W.G Grade of pera-
No. | construction | ture | 400 | 325 | 150 | 175 | 200 | 260 | 300 | 400
°F.
. ) - . 30 511 479 437 |oaeeaes -
60 455 423 384 |__._.__ RO U R N,
90 400 368 327 |-
[ S AandB._____. 30 807 780 747
60 719 691 660
20 629 602 570
4o AandB._____. 30| 1,210 | 1,190 | 1,160 | 1,130 | 1,087 998 894 670
60 | 1,070 | 1,050 | 1,020 988 949 860 767 572
90 910 881 850 826 734 648 484
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Table 68.—Stringing Tensions for Bare Copper-Covered Steel Wire
(Ordinary Grade)—Continued

LIGHT LOADING DISTRICT

[The tensions being such that when loaded at 30° F. the wires will be stressed to 50 per cent
of their ultimate strength]

Size Tem- Tensions (in pounds) for span lengths (in feet) of—
A.W.G.| Grade of construction | pera-
Ne. tare | 00 | 150 | 200 | 300 | 400 | 500
.0 F'
8 B - 30 595 590 [.___ N I -
60 540 [ 7% IR I IR I,
90 484 L /- T PN ESSIO IR I
[ T AandB._._..______. 30 893 886
60 799
90 718 711
4. AandB._..________.. 30| 1,323 | 1,302
60| 1,180 | 1,162
90| 1,038 | 1,024

Table 69.—Stringing Tensions for Bare Copper-Covered Steel Cable
HEAVY LOADING DISTRICT

[The tensions being such that when loaded at 0° F. the cable will be stressed to 50 per cent
of its ultimate strength]

T Tensions (in pounds) for span lengths (in feet) of—
Size Grade of bl
(inch) construction lz"m_e
200 ( 250 | 300 | 400 | 500 | 600 | 800 |1,000
°F.
D (SR AandB__.____. 3012260 |2105{1,885 | 1,455 | 1,065 |....... S .
60 | 2,020 | 1,870 | 1,660 | 1,260 1 J R PR
90| 1,790 | 1,605 | 1,440 | 1,105 | 840
| 2 S— AandB_...._.. 30 | 3,600 | 3,435 | 3,285 | 2,920 | 2,505 | 2, 100
60 | 3,240 | 3,080 | 2,940 | 2,600 | 2,220 | 1,887
90 | 2,885 | 2,740 | 2,595 | 2,290 | 1,970 | 1,700
b T AandB...._... 30 | 4,309 | 4,280 | 4,110 | 3,760 | 3,350 | 2,930
60 | 3,960 | 3,850 | 3,700 | 3,360 | 2,990 | 2,640
90 | 3,530 | 3,425 | 3,285 | 2,985 | 2,665 | 2,380
b 2 O AandB_..____. 30 | 5,585 | 5,480 | 5,330 | 5,015 | 4,625 | 4,230
60 | 5,060 | 4,960 | 4,820 | 4,520 | 4,180 | 3,830
90 | 4, 4,465 | 4,325 | 4,055 | 3,745 | 3,460
Weooaen AandB.____.__ 30 | 6,845 | 6,790 | 6,660 | 6,380 | 6,020 | 5,635
60 | 6,280 | 6,180 | 6,050 | 5,800 | 5,470 | 5,130
90 | 5,650 | 5,570 | 5,460 | 5,220 | 4,940 | 4,660
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Table 69.—Stringing Tensions for Bare Copper-Covered Steel Cable—

Continued

MEDIUM LOADING DISTRICT
[The tensions being such that when loaded at 15° F. the cable will be stressed to 50 per cent

of its ultimate strength}
Tensions (in pounds) for span lengths (in feet)
Size Tem- of—
(inch) | Grade of construction 1zera-
ure
100 250 400 600 800 1,000
°F.
Poecenn AsndB............_.. 30| 2,660 | 2,540 | 2,330 | 1,940
60| 2,420 | 2,300 | 2,100 | 1,750
80| 2,180 | 2,070 1,80 | 1,570 ———
| 7 J—— AandB............... 30| 4,000| 3,800 | 3,710 | 3,330
60| 3,630 | 3,540 3,370 | 3,040
90| 3,2701 3,180 | 3,020 | 2,730
b J— AandB.. ... _.. 30| 4,830| 4,750 | 4,560 | 4,230
60| 4,400| 4,320 | 4,150 | 3,850
90| 3,960 | 3,800 3,760 | 3,490
| 7 T AandB......_...__. 30| 6,030 | 5930 | 5760 | 5450 5,080 4,710
60| 5500 | 5410 ) 5260 | 4,990 | 4,690 | 4,390
90 | 4,970 | 4,900 | 4,770 | 4,530 | 4,320 | 4,000
b T AsndB____ ... 30| 7,370 | 7,280 | 7,150 | 6,820 | 6,470 6,110
60| 6,740 | 6,660 | 6,520 | 6,270 | 5,980 5,690
90 | 6,120 6,050 | 5,930 | 5740 | 5,520 5,310

LIGHT LOADING DISTRICT
[The tensions being such that when loaded at 30° F.the cable will

of its ultimate strength]

be stressed to 50 per cent

L N
828 ¥33 E38 525 383

Soe e

838 338 338 888 838
£8

SN

2,710
2,480
2,220

4,106
3,755
3,400

4,970
4, 570
4,150

6, 200
5,700
5,210

7, 660
7, 000
6,410

2,610 | 2,460
2,390 | 2,260
2,180 | 2,070
4, 3, 900
3,670 | 3,570
3,350 | 3,270
4,880 | 4,740
4,480 | 4,380
4,090 | 4,020
6,100 | 5,960
5,620 | 5,520
5,160 | 5,100
7,490 | 7,360
6,920 | 6,830
6,370 | 6,320
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Table 70.—Stringing Tensions for Bare Stranded Aluminum
HEAVY LOADING DISTRICT

[The tensians being such that when loaded at 0° F. the conductor will be stressed to 50 per
cent of the ultimate strength for grades A and B and 60 per cent for grade C]

Tensi in pounds) for s lengths (in feet) of —
Size Grade of Tem. ‘ensions (in pounds) pan Jengths (in feet)
.W.G. s pera-
No construction | %
. 100 125 150 200 250 300 400 600
°F.
30 96 73 68
Aand B...____ 60 66 59 53
90 53 50 50
) DR, 30 267 149 99
[0, 60 125 89 79
90 73 69 66
30 199 126 108 95 87 87
Aand B...____ 60 | 108 91 91 87 83 83
[ J——— 90 79 75 76 75 75 75
30 527 3156 216 133 112 108
[ © S, 60 273 162 133 112 104 104
90 116 104 104 100 100 95
30 378 263 200 1562 147 137
Aand B.._____ 60 173 162 142 131 131 131
00 - 90 121 116 116 121 121 126
30 709 503 420 252 194 179
(O S 60 378 305 231 189 173 163
90 173 168 158 158 162 1562
30 640 488 370 251 218 211
Aand B..__.__| 60 304 251 21 205 108 191
000....._ 90 166 165 172 172 178 185
30 | 1,030 871 769 455 330 290
[, 60 601 482 409 304 264 251
90| 277 | 44| 251 231 | 224| 24
30| 938 747 | 623 | 308 | 349 | 324 | 201 | 282
Aand B..___ 60 448 416 349 209 291 2901 274 266
0000-_--_ 90 232 232 241 249 2567 266 266 266
301,370 [ 1,205 {1,104 | 780 | 689 | 452 | 365 | 349
[ & 60 17 722 631 465 415 365 349 340
90 374 374 340 332 332 332 324 324
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Table 70.—Stringing Tensions for Bare Stranded Aluminum—Contd.

MEDIUM LOADING DISTRICT

['The tensions being such that when loaded at 15° F. the conductor will be stressed to 50 per
cent of the ultimate strength for grades A and B and 60 per cent for grade C]

Tensions (in pounds) for span lengths (in feet) of—

Siz Grade of | Tem-
A.W.QG.| construc- | pera-
No. tion | ture | 490 | 125 | 150 | 200 | 250 | 300 | 400 | 500 | 600
°F,
30| 426 337 254
Aand B. 60 224 172 137 |- -
Teoooo. 90| 102| 99| ‘6
30| 620 635 472
Coeeeee 60| 39| 817| 217
90| 108| 162 152
30| b598| 623 42| 281| 19| 174| 154 15| 141
AandB_|{ 60| 338 | 274| 287 | 174| 162| 154| 145| 141| 133
[\ 00| 19| 15| 145| 137| 137| 137| 137| 187 | 187
30| 82| 7e8| egr| G52 | 874| <274 | 208| 191| 183
(o 60| 631| 498| 427| 315| 240| 26| 187 | 178 | 174
90| 282 253 | 237| 203| 187 | 183| 174| 170| 170
30| 830 746| e72| 467| 347| 284 | 7| 22| om
AandB.\ 60| 473| 425| 373| 289 | 252| 286 | 22| 215| 210
00 90| 221| 20| 210 205| 205| 205| 205| 205| 205
30 |1,087 | 1,040 | 982 | 824 | 41| 494 | 352| 305| 278
(o T— 60| '735| '683| 646 | 625| 410| 347 | 299 | 278 | 263
90| 309| a3s2| 852| 310( 218| 23| 263 | 27| 252
301,080 | 1,000 | 9037 | 746 | 81| 455| 442 | 342 | 323
AandB.{{ 60| 'e40| '587 | 548 | 442| 308| 350 | 337 | 37| 310
000. ... 90| 304| 207 207 | 207| 207| 207 207 | 207| 207
30 | 1,412 | 1,360 | 1,204 | 1,142 | 900 | 812 | 508 | 460 | 420
Coeee 60| 'o64 | 'o11 | "85 | ‘746 | 647 | 542 | 455 | 416 | 306
90| 528 | b502| 482 | 4d2| 422| 03| 383 | 36| 370
30 | 1,411 ] 1,328 | 1,262 | 1,038 | 898 | 706 | 580 | 515| dgo
handB_{ 60| '855] 789 | ‘747 | ‘614 | 81| 523 | 490 | 465| 457
0000 —_. 00| 407| 407| 407 | 407| 415| 415| 432 | 432 432
30 (1,785 | 1,743 | 1,504 | 1,652 [ 1,378 | 1,187 | 921 | 730 | 656
Coeee. 601,220 | 1,179 | 1,162 | 1, 8 707 | 689 | 614 | 589
90| ‘681 | ‘664 | ‘647 | 614 | 581 | 573 | 564 | 540 | 540
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Table 70.—Stringing Tensions for Bare Stranded Aluminum—Contd.
LIGHT LOADING DISTRICT

[The tensions being such that when loaded at 30° F., the conductor will be stressed to 50 per
cent of the ultimate strength for grades A and B and 60 per cent for grade C]

Size | Grade of | Tem- Tensions (in pounds) for span lengths (in feet) of—
A .W.Q.| construc- | pera-
No. tion ture

g

125 150 200 250 300 400 500 | 600

Aand B..
) PR -
G =f --
606 508 361
AandB._| 423 340 286 270
Ooeeeeee 257 253 241 232

[T

536 | 494 | d4s2| 431 425

1,129 [ 1,000 88| 60| 581

Asnd B._. 748 601 | 85| 515

000___.. 482 | 460) 460 | 4551 455
1,511 | 1,406 | 1,214 | 997

Creeeen . 1,003 759 | 700

713 | '680| 634 601] 504

1,486 | 1,370 | 1,137 | 930 | 830

930 | ‘82| 755| 706

0000- ...
1,934 | 1,834 | 1,627 | 1,411 | 1,204
1,403 | 1,320 | 1,204 | 1,054

930 | '905| 863 | 830

BBLBIE SJLBILE SJB8IY S3ZR3Y 838IIY™
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Table 71.—Stringing Tensions for Bare Stranded Aluminum, Steel-
Reinforced

HEAVY LOADING DISTRICT

[The tensions being such that when loaded at 0° F. the cabple will be stressed to 50 per cent
of the ultimate strength for grades A and B and 60 per cent for grade C]

Tensions (in pounds) for span lengths (in feet) of—

Size Tem-
Grade of
A IV\IV -G construction kol
0. 100 | 150 | 200 | 300 | 400 | 500 | 700 |1,000
°F,
30 282 80 57 49 46
Aand B....._. 60 155 64 53 47 46
4 90 81 55 49 46 45
"""" 30 528 258 98 64 58
[ & . 60 385 153 81 61 57
90 246 98 70 59 56
30 732 454 219 132 117
Aand B..._.__ 60 507 274 163 122 113
2 90 206 170 133 116 109
"""" 30 | 1,043 840 570 212 158
[ 02 60 815 618 380 180 149
90 588 407 248 159 141
30 | 1,005 756 462 226 188
Aand B______. 60 720 494 303 199 178
1 90 446 293 220 180 169
"""" 301,365 | 1,188 946 435 273
[ © 2R 60 | 1,077 004 678 329 246
90 792 629 447 267 225
301,345 | 1,127 841 411 307 276 255 245
AandB_______ 60 984 781 554 334 282 264 249 243
0 90 633 479 365 284 262 252 245 241
"""" 30| 1,777 | 1,610 | 1,408 865 499 387 326 302
[ © R 60 | 1,414 | 1,251 | 1,059 619 418 355 315 297
90 | 1,052 898 734 457 364 330 305 294
30| 1,768 | 1,575 | 1,316 768 521 445 303 372
AandB._._._. 60 (1,310 | 1,134 911 567 454 411 384 369
00 90 865 722 588 451 405 387 372 366
"""" 30 {2,200 | 2,155 | 1,968 | 1,466 948 677 523 468
(& JE—— 601,832 | 1,712 | 1,522 | 1,079 734 588 496 458
90| 1,376 | 1,253 | 1,003 772 596 523 473 449
302,275 | 2106 | 1,875 | 1,209 884 715 607 561
Aand B.._.._. 60 11,608 | 1,545 | 1,337 930 722 638 576 583
000 90 | 1,137 | 1,007 876 692 615 584 553 538
""" 3012916 (2703 2624|2162 | 1,616 | 1,173 834 714
[ 60 33512218 2058 | 1,642 | 1,220 960 772 692
90| 1,762 | 1,652 | 1,510 | 1,187 942 814 718 672
30| 2 2,782 | 2,569 | 2,026 | 1,493 | 1,192 950 863
Aand B.._.__ - 60| 2,210 | 2,065 | 1,881 | 1,464 | 1,154 | 1,008 862 834
0000 90| 1,483 | 1,386 | 1,270 | 1,057 940 882 834 805
""" 30 | 3,740 | 3,632 | 3,482 | 3,068 | 2,539 | 2,007 | 1,379 | 1,118
C. 60| 3,010 | 2,909 | 2,767 | 2,384 | 1,050 | 1,589 | 1,228 | 1,068
90 (2,283 | 2,190 | 2,069 | 1,762 | 1,480 | 1,287 | 1,110 | 1,023
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Table 71.,—Stringing Tensions for Bare Stranded Aluminum, Steel-
Reinforced—Continued

MEDIUM LOADING DISTRICT

[The tensions being such that when loaded at 15° F. the cable will be stressed to 50 per cent
of the ultimate strength for grades A and B and 60 per cent for grade C]

Tensions (in pounds) for span lengths (in feet) of—

Size Ten-
A.W.G. Grade of pera-
No construction ‘ture
g 100 150 | 200 300 400 500 700 | 1,000
°F.
30 579 4571 301 126 99 91
AandB....... 60 4356 320 195 109 93 88 | oo ————
4 90 204 198 132 97 88 85
""""" 30 759 673 565 272 150 123 -
[ 60 614 530 417 197 133 116
90 471 390 288 153 120 110 Jococcao|aaes
el
30 | 1,079 913 786 477 295 240
Aand B....... 60 851 688 571 344 251 220
2 90 624 472 381 261 220 205
"""" 30| 1,268 | 1,203 | 1,112 862 573 385
[0 S 60 | 1,039 975 887 655 435 827 |ooe|aeaes
90 | 810 749 667 | 474 | 342 286
el el el
301,200 | 1,203 | 1,088 788 519 396 321 292
AandB.._.... 60 999 019 812 569 413 349 305 286
1 90 715 643 558 411 343 314 201 280
""""" 30 | 1,617 | 1,549 | 1,467 | 1,240 953 687 453 375
[ & 60 11,328 | 1,262 | 1,183 970 728 552 414 362
90 | 1,040 977 903 720 554 458 383 351
il il el el
R 30| 1,646 | 1,570 | 1,466 | 1,187 879 665 504 444
and B....... 60 | 1,283 | 1,211 | 1,115 878 | 670 555 468 430
0 00 | 923 861 783 629 520 | 480 439| 418
""""" 30| 2042 (1,090 | 1,916 | 1,711 | 1,441 | 1,149 754 583
(o J— 60 | 1,678 | 1,626 | 1,556 | 1,363 | 1,127 904 663 555
90 | 1,314 | 1,267 | 1,202 | 1,035 857 721 595 530
30| 2,09 | 2,031 ( 1,937 | 1,680 | 1,370 | 1,086 797 674
Aand B....... 60| 1,641 1,577 | 1,491 | 1,267 | 1,030 | 872 718 646
. 90 | 1,187 | 1,134 | 1,065 915 795 73 655 620
"""" 30 (2,593 | 2545 2,478 292 12,043 | 1,755 | 1,232 914
[ 60 (2133 (2088 |2024(1,850]1,627 | 1,393 | 1,042 | 850
90| 1,675 | 1,633 | 1,576 | 1,426 | 1,253 | 1,007 901 797
i i il il ’
30 | 2,657 | 2,504 | 2,507 | 2,270 | 1,969 | 1,660 | 1,237 | 1,014
Aand B....... 60 2,079 | 2,021 | 1,943 | 1,738 | 1,508 | 1,310 | 1,080 957
000, 90 | 1,507 | 1,462 | 1,403 | 1,268 | 1,142 | 1,056 962 907
""" 30| 3,271 | 3,227 | 3,165 | 2,994 | 2,763 | 2,487 | 1, 1,413
[ & ZR 60 | 2,601 | 2,650 | 2,501 | 2,433 | 2,227 | 1,998 | 1,591 | 1,283
90 | 2,113 | 2,076 | 2,026 | 1,893 | 1,734 | 1,575 | 1,340 | 1,178
30 | 3,382 | 3,324 | 3,244 | 3,023 | 2,740 | 2,420 | 1,904 | 1,537
AandB.._._.. 60 | 2,653 | 2,601 | 2,530 | 2,344 | 2,125 | 1,915 | 1,615 | 1,420
0000, 90 (1,929 1,892 | 1,844 | 1,728 | 1,611 | 1,517 | 1,401 | 1,325
'''' 30 | 4,154 | 4,114 | 4,057 | 3,899 | 3,685 | 3, ,025 | 2,177
[ & S 60 | 3,424 | 3,385 | 3,334 | 3,190 | 3,002 | 2,784 | 2,501 | 1,931
00 | 2,604 | 2,662 | 2,620 | 2,503 | 2,361 | 2,210 | 2,069 | 1,737
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Table 71.—Stringing Tensions for Bare Stranded Aluminum, Steel-
Reinforced—Continued

LIGHT LOADING DISTRICT

[The tensions being such that when loaded at 30° F. the cable will be stressed to 50 per cent of
the ultimate strength for grades A and B and 60 per cent for grade C]

Tensions (in pounds) for span lengths (in feet) of—

Size Tem-
AW.G Grade of con- pera-
No struction ture
) 100 150 200 300 400 500 700 |1,000
%o
Aand B__..... 60
N 90
------ 30
[ 60
90
30
Aand B._.._..| 60
2 90
"""" 30
[ O F 60
90
30
AandB__....| 60
1 90
-------- 30
[ FSR 60
90
30
Aand B......_ 60
0 90
"""" 30
[ S 60
90
30
AandB__..... 60 848
0 90| 1,448 | 1,429 | 1,404 | 1,341 | 1,269 | 1,198 | 1,081 | 1,007
------- 30 [ 2,847 | 2,820 | 2,803 | 2,731 | 2,631 | 2,509 | 2,214 | 1,774
[0 60 | 2,387 | 2,370 | 2,347 | 2,280 | 2,191 | 2,084 | 1,844 | 1,535
90| 1,028 | 1,913 | 1,803 | 1,838 | 1,768 | 1,687 | 1,524 | 1,345
30 977 | 2,949 | 2,913 | 2,810 | 2,673 | 2,510 | 2,152 | 1,742
Aand B...._...{ 602,308 |2375( 234222662144 2018|1779 | 1,542
000 901,821 | 1,804 | 1,783 | 1,725 | 1,660 | 1,501 | 1,479 | 1,385
""" 30| 3, 3,064 | 3,537 | 3,465 | 3,366 | 3,242 | 2,942 | 2,461
[ © . 60| 3,003 | 2,985 | 2,962 | 2,806 | 2,810 | 2,705 | 2,461 | 2,120
90 | 2,424 | 2,400 | 2,390 | 2,339 | 2,272 | 2,196 | 2,035 | 1,841
303,774 | 3,747 | 3,710 | 3,608 | 3,471 | 3,306 | 2,934 | 2,453
Aand B._..... 60 | 3, ,021 | 2,990 | 2,906 | 2,796 | 2,674 | 2,424 | 2,147
0000 90 | 2,316 | 2,303 | 2,283 | 2,234 | 2,176 | 2,116 | 2,012 | 1,908
“““ 30 | 4,540 | 4,521 | 4,495 | 4,423 | 4,323 | 4,200 | 3,897 | 3,387
[ © 2. 60 | 3, 3,791 | 3,768 | 3,705 | 3,620 | 3,517 | 3,275 | 2,912
90 | 3,077 | 3,085 | 3,047 | 3,001 | 2,039 | 2,870 | 2,715 | 2, 517
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Appendix C.—SAGS FOR LINE CONDUCTORS STRUNG
TO THE 2,000-POUND LIMITATION

By stringing conductors so that, under the worst assumed
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 261, D, 3, and 261,
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. Figures 2 to 13 give the sag values
for copper, and Figures 14, 15, and 16 for aluminum cable
with steel core.
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100,778 910345, NS

30 40 5 60 80 0 400 600 1000

600 800100072, 82000 4000 6000 10000 20000 40000 100000

F1a. 2.—Sags and tensions at 60° F., heavy loading district. Bare, solid, soft or hard-drawn copper wire,

Nos. 3/0 and 4/0

Tension when loaded at 0° F. is 2,000 pounds
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1004 ™5 6 7 891054, M5 20 30 40 %0 60 80 100 200 400 600 1000
400 ~ 600 S0OI000TEAMNZB2000 ~ 400 600 1000 2000 4000 000

F1c. 3.—Sags and tensions at 60° F., heavy loading district. Bare, stranded, hard-drawn copper conductors, Nos.
1/0, 2/0, 3/0, and 4/0, 350,000 c. m., and 500,000 c. m.; soft copper Nos. 3/0 and 4/0, 350,000 c. m., and 500,000

C. m.
Tension when loaded at 0° F. is 2,000 pounds
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FEET

A
A VS

8

150
100, 7 8910345, NS 20 30 40 %060 80 100 200 400 600 1000
6O 80 WOTEMINLR 200 400 60O 1000 2000 4000 6000 10000

¥16. 4.—Sags and tensions at 60° F., heavy loading district. Triple-braid weatherproof, solid, hard-drawn copper
wire, Nos. 1/0, 2/0, 3/0, and 4/0; soft copper Nos. 3/0 and 4/0

Tension when loaded at 0° F. is 2,000 pounds



1L 1T %
100576 7 891094, AT 20 30 40 060 80 100 200 400 600 1000
600 S0OI00OTENGNZA2000 400 600 1000 2000 4000 10000

Triple-braid weatherproof, stranded, hard-drawn

Fia. 5—Sags and tensions at 60° F., heavy loading district.
5 8oft copper Nos. 3/0 and 4/0,

8 copper conductors, Nos. 1/0, 2/0, 3/0, and 4/0, 350,000 c. m., and 500,000 c. m.
@ 860,000 c. m., and 600,000 c. m.
Tension when loaded at 0° F. is 2,000 pounds
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Fic. 6.—Sags and tensions at 60° F., medium loading district. Bare, solid, soft or hard-drawn copper wire, Nos.

3/0 and 4/0
Tension when loaded at 15° F. is 2,000 pounds
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F16. 7.—S8ags and tensions at 60° F., medium loading district. Bare,

10000
stranded, hard-drawn copper conductors,

Nos. 1/0, 2/0, 8/0, and 4/0, 350,000 c. m., and 600,000 c. m.; s

and 500,000 c. m.

oft copper Nos. 8/0 and 4/0, 350,000 c. m.,
Tension when loaded at 15° F. is 2,000 pounds
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Fic. 8,—Sags and tensions at 60° F., medium loading district. Triple-braid weatherproof, solid, hard-drawn
copper wire, Nos. 1/0, 2/0, 3/0, and 4/0; soft copper Nos. 3/0 and 4/0

Tension when loaded at 15° F. is 2,000 pounds
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F16. 9.—Sags and tensions at 60° F., medium loading district. Triple-braid weatherproof, stranded, hard-drawn
copper wire, Nos. 1/0, 2/0, 3/0, and 4/0, 350,000 c. m., and 500,000 c. m.; soft copper Nos. 3/0 and 4/O,
§ 350,000 c. m., and 500,000 c. m.

Tension when loaded at 15° F. is 2,000 pounds
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Fia. 10.—Sags and tensions at 60° F., light loading district.

Bare, solid, soft or hard-drawn copper wire, Nos.
3/0 and 4/0

Tension when loaded at 30° F. is 2,000 pounds
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¥F1c. 11.—Sags and tensions at 60° F., light wading district. Bare, stranded, hard-drawn copper conductors,

Nos. 1/0, 2/0, 3/0, and 4/0, 350,000 c. m., and 500,000 c. m.; soft copper Nos. 3/0 and 4/0, 350,000 c. m., and
600,000 c. m.
Tension when loaded at 30° F. is 2,000 pounds



062

E

130

rr” HHH il
1005774 56 7890S, N5 20 0 40 060 80 100 200 400 600 1000
600 1000 2000 4000 G000 10000

40 60 80 O07TEAGIN LB 200 400
F16. 12.—8Sags and tensions at 60° F., light loading district. Triple-braid weatherproof, solid, hard-drawn

copper wire, Nos. 1/0, 2/0, 3/0, and 4/0; soft copper Nos. 3/0 and 4/0
Tension when loaded at 30° F. is 2,000 pounds
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F16. 13.—Sags and tensions at 60° F., light loading district. Triple-braid weatherproof, stranded, hard-drawn
copper wire, Nos. 1/0, 2/0, 3/0, and 4/0, 350,000 c. m., and 500,000 c. m.; soft copper Nos. 3/0 and 4/0,

8 850,000 c. m., and 500,000 c. m.
Tension when loaded at 30° F. is 2,000 pounds
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Fie. 14.—Sags and tensions at 60° F., heavy loading district. Bare, stranded, aluminum conductors, steel-reinforced,
Nos. 2/0 and 4/0, 336,400 c. m., and 477,000 c. m.

Tension when loaded at 0° F. is 2,000 pounds
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F16. 15.—Sags and tensions at 60° F., medium loadmg district. Bare, stranded, aluminum conductors, steel-
reinforced, N 0s. 2/0 and £/0, 336,400 c. m., and 477,000 c. m

Tension when loaded at 15° F. is 2,000 pounds
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Fie. 16.—Sags and tensions at 60° F., light loading district. Bare, stranded, aluminum conductors, steel-
reinforced, Nos. 2/0 and 4/0, 336,400 c. m., and 477,000 c. m.

Tension when loaded at 30° F, is 2,000 pounds
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Appendix D.—MECHANICAL DATA FOR WIRES AND
CABLES
Copper.

The following tables give the mechanical characteristics of
copper wire and cable and are based on the standard speci-
fications of the American Society for Testing 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, medium
hard-drawn wire conforming with the A. S. T. M. specifica-
tions is considered as hard-drawn. The breaking load of
stranded cable has been taken as 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 coeffi-
cient of linear thermal expansion per degree Fahrenheit has
been taken as 9.6 X10 % The weight of bare solid copper
conductors has been taken as 3.854 pounds per square inch
of cross section per foot of length; and of stranded conductors
as 3.931 pounds. The weights of covered conductors are
given in Table 81.
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Table 72.—Solid Copper Wire

Hard-drawn wire Soft wire
. X Area of

Size A. W. G. No. Diameter co:txduc- Ultimate | Breaking | Ultimate | Breaking

or stress load stress load

Inch Sq. in. | Lbs./in.3 | Pounds | Lbs./in.? | Pounds

0. 460 0. 166 49, 000 8,100 36, 000 6,000
.410 .132 51, 000 6, 700 36, 000 4,700
365 104 52, 800 5, 500 36, 000 3, 800
325 .083 500 4, 500 36, 000 3, 000
289 56, 10 3, 700 37,000 2,400

052 57, 600 3, 000 37, 000 1,
229 041 59, 000 2,400 37,000 1, 500
204 033 60, 100 2, 37,000 1,200
.162 021 62, 100 1,300 37,000 760
1 013 63, 700 830 37,000 480
114 .010 64, 300 660 317,000 370
. 102 .0082 | 64,900 530 | 38,500 310
.081 . 0051 65, 700 b7 N P P,
. 064 . 0032 66, 200 b2 (1 P IR

Table 73.—Stranded Copper Conductors

Breaking load
Size External | g4ronding o%lr‘.\egu%(
diameter " | Hard-
tors drawn Boft
Circular mills: Inches Sq.in. | Pounds | Pounds

1.15 | 61X0. 128 0.785 45,000 |-co._._.
.813 [ 37X .116 .392 22,700 13, 000
L7721 37X . 110 .353 20, 500 11, 700
.728 | 37X . 104 .314 18, 300 10, 500
.681 | 37X .007 275 16, 100 9, 500
.678 | 19X .136 276 15, 700 9, 100
.630 | 37X .090 . 236 13, 900 8, 200
.628 1 19X .126 . 236 13, 500 7,800
.575 | 37X .082 . 196 11, 600 6, 800
.573 | 19X . 115 .196 11, 300 6, 500
.528 | 19X . 108 .166 9, 700 5, 500
522 7X L1714 . 166 9, 200 5, 500

470 | 19X . 094 .132 7,700 4,
464 | 7X .155 .132 A 4,400
418 | 19X . 084 . 104 6,100 3, 600
414 | 7 138 .104 5, 3, 500
373 | 19X .075 .083 4, 900 2, 850
368 [ 7X .123 . 083 4, 800 2,750
332 | 19X . 066 . 066 3, 900 2,300
328 | 7X .109 . 066 3, 800 2, 200

7X .097 . 052 3,050 1
260 | 7X .087 . 041 2,450 1,430
232 | 7X.077 .033 1, 1,130
207 | 7X .069 . 028 1,550

184 | 7X .061 .021 1,230 710
165 | 7X .055 .016 550
[ - —— L1468 | 7X . 049 .013 780 450
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Steel.

Tables 74 and 75 give the mechanical characteristics of
steel wire and cable of three grades, ordinary, Siemens-
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 X107 per ° F. The modulus of elasticity
has been taken as 29,000,000 pounds per square inch for
-solid wires and 21,000,000 pounds per square inch for cables.
The weight of conductor per square inch of cross section
is taken as 3.39 pounds per foot of length.

Steel from different sources may differ in physical proper-
ties, and when materials are used having properties different
from those assumed, loads and sags should be computed
from the actual values.

Table 74.—Bare Solid Steel Wires

Breaking load

Size Stl. W. G. No. Diameter| Area _| High-
Ordinary Sli&];%n: tesnus;gn

Inch Sq.in. | Pounds | Pounds | Pounds

4__ 0.225 0. 0400 2,400 3,000 5,000
[ R .192 . 0290 1,740 2,170 3,620
B e . 162 . 0206 1,240 1,560 2,570

Table 75.—Stranded Bare Steel Conductors
Breaking load

Nominal size (inches) Diameter| Area .
Ordinary| sﬁg‘:{’g‘ tensu;u

1 10,380 | 13,000 [ 21,620
443 | 7,790 | 9,740 | 16,230
1204 | 6 8130 | 13,540
0832 | 4,490 | 5620 9,360

3210| 4 6,820
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Copper-Covered Steel.

Tables 76, 77, and 78 give the mechanical characteristics
of copper-covered steel conductors 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 of stranded conductors
has been taken as 90 per cent of the sum of the breaking
loads of the individual strands.

Sags have been computed for standard tensile grade only.
The coefficient of linear thermal expansion for these con-
ductors has been taken as 7.2X107® per ° F. The modulus
of elasticity for solid wires has been taken as 20,000,00C.
pounds per square inch. For stranded cables, the value of
the modulus varies with size as follows:

54 inch diameter, 15,600,000 pounds per square inch.

1% inch diameter, 16,100,000 pounds per square inch.

14 inch diameter, 17,000,000 pounds per square inch.

15 inch diameter, 17,800,000 pounds per square inch.

34 inch diameter, 18,600,000 pounds per square inch.

75 inch diameter, 19,500,000 pounds per square inch.

The weight of conductor per square inch of cross section
is taken as 3.53 pounds per foot of length.

Table 76.—Solid Bare Copper-Covered Steel Conductors

Breaking load
Size A. W. G. No. Diameter Area nieh
Extra-hig|
Standard tensile
Inch Squareinch| Pounds Peunds
0. 460 0. 166 9, 850
410 .132 8, 280
365 . 104 6,850 |_
325 .083 5,700
289 . 066 4, 800
258 . 052 4,000 7,300
. 229 . 041 3,200 5,780
204 .033 2, 650 4, 600
182 . 026 2, 200 3,640
162 .021 1, 800 2, 880
.144 .016 1, 450 2,290
.128 .013 1, 200 1,820
.114 .0103 970 | coeeeeaee
.102 . 008 800 [-ocoemoooo-
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Table 77.—Stranded Bare Copper-Covered Steel Conductors—
Standard Tensile Grade

: Nominal : Breaking
Size A. W. G. No. diameter | Stranding Area Toad
Inch Squareinch| Pounds
5% | 7TNo.4.__ 0.229 18, 550
¥ | 7No. 5. | .182 15, 400
0000 - oo o T . 166 14, 300
14| 7 No. 6.._ | .144 12, 600
000. e X . .132 11, 640
s | 7No. 7.___ .114 10, 160
00. - T . . 105 , 460
. 8 | 7TNo.8.___ . 091 8, 400
R, . 0829 7,780
# .0719 6, 790
e . 0571 5, 600

= Means special size wire, not an A.W.Q. size.

Table 78.—Stranded Bare Copper-Covered Steel Conductors—Extra-
High Tensile Grade

Nominal : Breakin|
Size A. W. G. No. dismetar | Stranding | Area v
Inch Squareinch| Pounds
% | 19 No. 5. 0.495 62, 240
y 19 No. 6__. . 392 49, 250
4 (195 _______ .354 y
# | 19No. 7. .311 39, 160
Bl .. .275 X
&% | 19 No. 8._- . 246 31,120
56 | 7 No. 4. 229 , 980
2% | 7No. 5. .182 22,930
0000. R, .166 20, 940
14| 7No. 6. 144 18, 200
000 . S .132 16, 600
% | 7No. 7. 114 14, 420
1 RN 7= .105 13,160
3% | 7No.8.... .091 11,460

= Means special size wire, not an A.W.Q. size.
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Aluminum.

Table 79 gives the mechanical characteristics of stranded
aluminum conductors. The coefficient of linear thermal
expansion for aluminum has been taken as 12.8X107° per
degree Fahrenheit, and the modulus of elasticity as 9,000,000
pounds per square inch. The weight of conductor is 1.194
pounds per square inch of cross section for a length of 1 foot.

Table 80 gives the mechanical characteristics of aluminum
cable having a steel core. The virtual coefficient of expan-
sion, the modulus of elasticity, and the weight per unit
length vary with the size of cable. For cables of sizes 4/0
to 6, A. W. G., the coefficient of thermal expansion has been
taken as 10.5X107® per degree Fahrenheit; the modulus of
elasticity as 12,000,000 pounds per square inch; and the
weight per unit cross section as 1.52 pounds per foot of

length.
Table 79.—Stranded Aluminum Conductors

Diam- Usual Copper Elastic | Breaking
Size eter Area stranding | equivalent | limit load
Square
Circular mils: Inches inch c. m. Pounds | Pounds
87 1.077 0.687 | 37X0. 154 550, 000 9, 14,
1. 026 624 | 37X .146 500, 000 8,750 13, 500
4 580 | 37X .142 472, 000 8, 250 12, 700
. 974 562 | 37X .139 450, 000 7,870 12,100
.918 .500 | 37X .131 400, 000 7,000 10, 800
. 856 .437 1 19X . 171 350, 000 6,120 9, 450
.810 .393 | 19X . 162 314, 500 5, 500 8, 500
.793 .375 | 19X .158 300, 000 5,240 8,100
.74 L3121 19X . 145 250, 000 4,370 6, 760
.621 .236 | 19X .126 188, 800 3,300 5,100
A.W. Q.
No.
. 657 .264 | 19X .133 4/0 3,700 5,700
. 586 .209 | 7X .105 3/0 2, 940 4, 550
. 522 L1686 [ 7X . 174 2/0 2,330 3, 570
464 132 | 7X .155 0 1,845 2,860
.414 104 | 7X .138 1 1,465 2,270
.368 .083 | 7X .123 2 1,160 1,780
.328 .066 | 7X .109 3 920 1,420
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Table 80.—Aluminum Cables, Steel-Reinforced

. Stranding
Bize Equivalent| Diam- Total |Breaking
copper eter area load
Aluminum| Steel
uare
Circular mils; c. m. Inches ngh Pounis
5, 500, 000 1.093 | 54X0.1214 | 7X0.1214 |  0.7060 25, 150
450, 000 1.036 | 54X .1151 | 7X .1151 . 6350 22, 680
400, 000 L9077 | 54X .1085 | 7X .1085 . 5640 20, 060
300, 000 .883 [ 30X .1261 | 7X .1261 . 4620 20, 700
250, 000 .808 | 30X .1151 | 7X .1151 . 3850 17,250
A. W.G.
Nobooo 741 14, 580
. 30X .1059 | 7X .1059 .3260 3
000 .633 1 86X .2108 | 7X .0705 . 2370 8,450
00 .564 | 6% .1880 | 1X .1880 .1939 7, 590
0 .501 | 6X .1670 | 1X .1670 . 1537 5,995
1 L4471 6X .1490 | 1X . 1490 . 1219 4,770
2 .308 | 6X .1327 | 1X .1327 . 0967 3,780
3 .355 | 6X .1182 | 1X .1182 . 0766 3,000
4 316 | 6X .1052 | 1X .1052 . 0608 2,3%4
5 .281 [ 6X .0938 | 1X .0938 . 0482 1,890
8 .250 | 6X .0834 | 1X .0834 . 0383 1, 500
7 .223 | 6X .0743 | 1X .0743 . 0303 1,183
8 .198 | 6X .0661 | 1X .0661 . 0240 940

The values given in these tables were submitted by the
Aluminum Co. of America with supporting data. The
breaking load of stranded conductors has been taken as 90
per cent of the sum of the breaking loads of the individual
_strands, including the steel core where used.
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Appendix E.—LOADS UPON CONDUCTORS AND
SUPPORTS

Table 81 gives the weights of conductors of various sizes
and materials, with and without ice loading. Table 82
gives the transverse and resultant loads of the same con-
ductors based on the assumed loadings of section 25. The
over-all diameters of covered wires supplied by different
manufacturers are not the same and hence average values
have been chosen. This is also true of the sizes of strands
which make up steel cables.

Table 81.—Vertical Loads on Conductor Supports

‘Weight of—
Size of conductor ]%l“,‘::?ﬁ“ Conductor | Conductor
0.5 inch | 40.25 inch | Conductor
of ice= of ice= only=
heavy medium light
Bare solid OOPR[":

A.W.G.No— Inch Lbs.[jt. Lbs.[1t. Lbs./ft.
12..... -- 0. 081 0.381 0.122 0.020
10. o e .102 . 406 .141 . 031
8. - .128 .40 . 168 .050
6. e .162 .491 .207 .079

204 564 . 268 126

229 612 .308 159

672 . 359 201

289 744 421 253

325 832 .498 319

365 943 . 506 405

410 1.075 .714 509

1. 237 . 861 640

18 +505 .216 083

23 . 580 .275 126

26 4 .320 161

29 . 696 .372 204

33 L775 . 440 259

.37 . 867 .519 326

- - .41 . 979 .618 413
- .46 1.116 . 740 .519

0000. . 1.287 . 892 . 652
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Table 81.—Vertical Loads on Conductor Supports—Continued

‘Weight of—
Size of conductor 1%13:??1?: Conductor { Conductor
40.5 inch | 4-0.25 inch | Conductor
of ice= of ice= only=
heavy medium light
Dare stranded copper—Continued.
Cir. mils— Inch Lbs. /ﬂ Lbs.[ft. Lbs.[ft.
0.57 436 1.025 0.770
.63 1. 630 1.201 .928
.68 1.815 1.370 1.081
.73 1.992 1. 539 1.234
.77 2,177 1.705 1.388
X .81 2. 355 1.870 1.541
........................... 115 4.112 3.521 3.086
T. B. W "P. sohd oopper
A. W. Q. No.
12 .21 +476 .178 .035
10 .25 519 .208 .053
8. .26 .234 .075
[ .32 622 .289 112
4 - - .38 .71 370 .164
3.. .41 .760 405 . 200
2 .4 .840 474 .260
1 ——- S .47 919 .316
0 50 1.029 . 640 407
53 1.143 . 745 502
62 1 . 900 630
66 1,482 1.047 767
444 . 857 486 .270
.518 . 961 567 .328
. 620 1.120 694 424
662 1.245 806 . 5622
734 1.421 . 654
785 1. 599 1.122 . 800
. 862 1. gﬁ 1.331 . 985
.978 2, 1.727 1. 345
1.108 2.8 2.316 1.804
1.343 3. 968 3.317 2,
1,000,000. - 1.531 4,937 4,228 3.674
Bare solid steel:
Stl. W. G. No.—
S ———- .162 .482 .108 .070
.- - 192 .528 .235 . 098
[ S, .225 . 586 .283 .135
Bare stranded steel:
14-inc .250 .276 .119
Y-inch .312 L711 .380 .206
34-inch . 375 . 826 .476 . 282
inch . 437 .991 .622 .408
-inch. . 500 1.111 722 . 489
Peinch - . 562 1.312 .904 .852
b4-inch . 625 1.4908 1.071 799
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Table 81.—Vertical Loads on Conductor Supports—Continued

‘Weight of—
Size of conductor ]%i:g(ﬁr Conductor | Conductor
+0.5 inch | 40.25 inch | Conductor
of ice= of ice= only=
heavy medium light
Solid bare copper-covered steel:
A. W. G. No.— Inch Lbs.[ft. Lbs.[ft. Lbs.[ft.
10 0.102 0. 402 0.138 .
- .128 .437 .163 . 046
6. .162 .485 .201 .073
4 204 . 554 . 257 .118
Stranded bare copper-covered steel:
inch. .306 .710 .382 .209
34-inch .384 .882 .520 .332
fgiinch ___________________ .432 . 998 .630 .418
Y4-inch .486 1.139 .755 .528
s-inch . . 546 1.313 .910 .663
Stranded aluminum, bere:
. W.G. No—
2 .203 . 654 .230 . 062
1. .328 . 592 . 258 .079
0. .368 .637 . 290 .
00 .414 . 692 . 331 125
000. .464 . 756 .379 .158
0000 .522 . 832 .437 .198
Bare stranded aluminum, steel-reinforced:
A. W. G. No—
4 . 260 .62 .213 . 058
.316 . 598 .268 . 002
. 356 . 647 . 305 117
. 308 L704 . 348 . 147
447 772 .401 .185
. 501 .853 . 465 . 232
. 564 . 954 . 547 .
.741 1. 297 .834 .527
000 - .883 1. 605 1.098 .47

Table 82.—Transverse and Resultant Loads on Conductors and
Supports in Three Loading Districts

[Pounds per conductor per linear foot]

Size of conductor

Transverse force on conductor | Resultant force on conductor
with ice covering (if any) due to weight and wind

Heavy

Medium | Light Heavy | Medium | Light

Bare solid copper:
A.W.GQ. No—

0.387

0. 081 0.815 0. 408 0.084

102 | L840 | l425 .107
.128 812 |  l4al 137
a6zl les | l4e7 1180
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Table 82.—Transverse and Resultant Loads on Conductors and
Supports in Three Loading Districts—Continued

[Pounds per conductor per linear foot]

Transverse force on conductor
with ice covering (if any)

Resultant force on conductor
due to weight and wind

8ize of conductor
Heavy | Medium | Light Heavy | Medium | Light
Bare solid copper—Contd.
A, W.G.No—
0. 803 0.470 0. 204 0. 986 . 0.240
. 820 . 486 .229 1.023 . 576 .279
. 839 . 506 . 258 1.075 . 620 .327
. 860 . 526 . 289 1.137 .674 384
O L .884 . 650 .325 1214 . 742 .456
.910 677 .365 1.310 .829 . 545
. 940 . .410 1.428 . 937 . 653
0000 .974 . .460 1.574 1.073 .788
Bari stranded copper:
. W.G. No—
6 .787 454 .180 . 935 . 503 .198
. 820 .487 . 230 1. 005 . 559 .262
. 840 . 507 . 260 1.053 . 599 . 306
. 860 . 527 . 290 1. 106 .645 .355
. 887 . 554 .330 1.178 707 420
.914 . 580 .370 1. 260 .779 .493
. 940 . 607 .410 1.357 . 866 . 582
.974 . 640 . 460 1.481 .978 .693
1.014 . 680 .520 1.638 1.122 .834
1.047 .714 . 570 1777 1.294 .958
1. 087 L7564 . 630 1. 960 1.418 1.121
1.121 .787 . 680 2.133 1. 580 1.277
1.154 . 820 .730 2.308 1.744 1.434
1.181 . 847 .770 2.477 1. 904 1. 587
1.207 .874 .810 2.646 2. 064 1.741
1.434 1.100 1.150 4.355 3.822 3.203
A.W. Q. No—
12 .807 .474 .210 .937 . 506 .213
.834 . 500 . 250 . 987 . 542 . 255
. 840 . 507 . 260 1.003 . 558 . 270
. 880 . 547 .320 1.078 .619 .339
.920 . 687 . 380 1.163 .694 .414
. 940 .607 .410 1.213 . 730 . 456
. 960 .627 .440 1.276 .768 .511
.980 .647 . 470 1.344 .843 . 566
1. 000 .667 . 500 1.435 .924 . 645
1.020 . 687 .530 1. 532 1.013 . 730
1. 080 . 747 . 620 1.711 1.170 .872
T 1. 100 . 767 . 650 1.846 1. 286 1. 005
A. G. No.—
. 961 .630 . 444 1.289 .796 . 520
1.012 .679 .518 1.396 .884 .613
1. 080 . 747 .620 1. 557 1.020 .751
1.109 775 .662 1. 667 1.118 .843
1.157 .823 . 734 1.832 1.331 .983
1,101 857 . 785 1.994 1,412 1.121
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Table 82.—Transverse and Resultant Loads on Conductors and
Supports in Three Loading Districts—Continued

[Pounds per conductor per linear foot]

Transverse force on conductor
with ice covering (if any)

Resultant force on conductor
due to weight and wind

Size of conductor
’ Heavy |Medium | Light Heavy | Medium | Light
T. B. W. P. stranded cop-
per—Continued
Cir. mils—
1.241 0.908 0. 862 2.213 1.611 1.309
1.319 . 986 .978 2.620 1.988 1. 663
1. 406 1.072 1.108 3.217 2. 552 2.194
1. 563 1. 229 1. 343 4. 265 3.538 3.125
1.688 1.355 1. 531 5.218 4.439 3.980
715 .442 .162 .912 .484 .176
.795 .462 .192 . 955 .518 .216
. 817 .484 .225 1. 006 . 560 . 263
. 833 . 500 . 250 1.018 . 570 277
.875 . 542 .312 1.126 . 661 .374
.917 . 583 .375 1.234 . 763 . 469
. 958 . 625 . 437 1.379 .882 . 508
1. 000 . 667 . 500 1. 495 .983 . 699
1. 042 .708 . 562 1.675 1. 149 . 861
1.083 . 750 .625 1. 849 1.307 1.014
735 . 401 .102 . 838 .425 . 106
.752 .419 .128 .870 . 450 .136
775 .442 .162 .914 .485 .178
- 803 .470 . 204 .975 . 535 .235
Stranded bare copper-cov-
ered steel:
inch . ________ .871 . 538 . 306 1.124 . 659 .370
$4-inch__ .923 . 590 .384 1.276 .792 . 508
inch_ . 955 . 622 .432 1.381 . 885 . 601
inch_ . 991 . 658 .486 1. 510 1. 001 .716
inch_____ 1.031 . 698 . 546 1.670 1.147 . 859
Bare stranded alummum
No.—
. 862 .529 .293 1. 020 577 . 300
. 886 . 5652 .328 1. 065 . 609 . 337
.912 .579 . 368 1.113 . 647 . 380
.943 .610 .414 1.170 . 693 .432
.976 .643 . 464 1.234 . 746 .489
0000._ S 1.015 . 682 .522 1.312 .810 . 557
Bare stranded aluminum
steel-reinforced:
G. No.—
. 834 . 500 . 250 .984 . 544 . 257
.878 . 544 .316 1. 062 . 607 .329
904 . 570 .355 1.112 . 646 .374
.932 . 599 .398 1.168 .693 .44
. 965 . 632 .447 1.236 .748 .484
1. 001 . 668 . 501 1.315 .814 . 552
1. 043 .710 . 564 1.414 . 896 . 636
1.161 .828 .741 1.741 1.175 . 909
1. 256 .922 .883 2.038 1.434 1.157
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Append§x F.—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
(rule 261A, 4) for poles when installed. Table 83 gives the
values for dense southern yellow pine; Table 84 for other
pine, chestnut, western cedar, cypress, etc., having a recog-
nized ultimate fiber stress of 5,000 pounds per square inch;
and Table 85 for woods having an ultimate fiber stress of
3,600 pounds per square inch, such as redwood and eastern
cedar (northern white cedar).

Southern yellow pine should not be used for support-
ing structures unless first given a preservative treatment,
as otherwise the rapid deterioration will require early
replacement.

The following formula has been used in calculating the
moments:

M=0.0002638 f € *=moment in pound-feet; where
f=allowable fiber stress in pounds per square inch,
and
C=circumference of the pole at ground line in inches.

While the ground-line section may not be the most stressed
section in poles with considerable taper, it is so regarded
here. Since the wood usually deteriorates most rapidly
at this point, it is here that sufficient strength must be
provided.
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Table 83.—Resisting Moments for Poles of Woods Having Ultimate
Fiber Stress of 6,500 Pounds per Square Inch (Dense Southern

Yellow Pine)

Resisting morments for fiber stress of (pounds per square

inch,
Circumference at ground line neh)
(inches)

2,170 2,600 3,250 3,900 4,870 6,500

Lb.ft. Lb.ft. Lb.ft. Lb.-ft. Lb.ft. Lb.-ft.
7,900 9,500 | 11,850 | 14,200 | 17,750 23, 700
8, 950 10, 700 13, 400 16, 100 20, 050 26, 800
10, 050 12, 050 15, 050 18,100 22, 600 30,150
1,250 | 13,500 | 16,900 | 20,250 | 25,300 33, 750
12, 550 15, 050 18, 800 22, 600 28, 200 37, 660

13, 950 16, 750 20, 900 25,100 31,350 41,

15, 450 18, 500 23,150 27, 800 34,700 48, 300
17,050 ,460 | 25,550 | 30,650 , 51,100
18,750 22, 500 28, 100 33,700 | 42,100 56, 200
20,550 | 24, 650 30, 800 36, 950 , 160 61, 600
22, 500 26,950 | 33,700 40, 450 ) 67, 400
24, 550 ,400 | 36,750 44, 100 55,100 73, 500
26, 700 32,000 40, 000 48, 000 59, 950 80, 000
9, 000 34, 750 43, 400 52,100 65,050 | , 86,850
31,400 37, 650 47, 050 56, 450 , 500 94,100
33,950 | 40,700 50, 850 61 050 76,200 101, 700
35, 650 43, 900 54, 850 65, 850 82,200 109, 750
39, 450 47,250 59,100 70, 900 88, 6550 118, 200
42, 400 50, 800 s 76, 200 95, 200 127, 050
5, 500 54, 550 68, 150 81,800 | 102,150 136, 350
48, 750 58, 450 73,050 87,650 | 109,450 148, 050
52,150 62, 500 78,150 93,750 | 117,050 156, 250
5:), 700 66, 750 83,450 | 100,150 | 125,050 166, 900
59, 450 71,200 89,000 | 106,800 | 133, 178, 000
75, 850 94,800 | 113,800 | 142,100 189, 650
80,700 | 100,850 | 121,050 { 151,150 201, 750
85,750 | 107,150 | 128,600 | 160, 600 214, 350
91,000 | 113,750 | 136,450 [ 170,400 227, 450
96,450 | 120,550 | 144,650 { 180,650 241, 100
102,100 | 127,650 | 153,150 | 191,250 255, 300
108,000 | 135,000 | 162,000 202 300 270,000
114,100 | 142,650 171, 150 213 750 , 300
120,450 | 150,550 | 180,700 | 225,600 301, 150
127,000 | 158,800 | 190,550 | 237,900 317, 550
133,800 | 167,300 | 200,750 | 250, 650 334, 550
140,850 | 176,100 | 211,300 | 263,850 352, 150
148,150 | 185,200 | 222,200 | 277, 500 370, 400
155,700 | 194,600 | 233,500 | 291,600 389, 200
163,450 | 204,350 | 245,200 | 306,200 408, 650
171,500 | 214,400 257, 250 | 321,250 428,750
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Table 83.—Resisting Moments for Poles of Woods Having Ultimate
Fiber Stress of 6,500 Pounds per Square Inch (Dense Southern
Yellow Pine—Continued)

Resisting moments for fiber tf;;ress of (pounds per square
inc!

Circumference at ground line
(inches)

2,170 2,600 3,250 3,900 4,870 6,500

Lb.-ft. Lb.-ft. Lb.-ft. Lb.ft.

224,750 | 269,700 | 336, 800 449, 500
235,450 | 282,550 | 352, 800 470, 900
246, 500 | 205,800 | 369, 350 492, 950
257,850 | 309,450 | 386,400 515, 700

269, 600 | 323,500 [ 403,950 539, 150
281,650 | 338,000 | 422,050 563, 300

204,050 | 352,900 | 440, 650 588, 150

306,850 | 368,250 | 459, 800 613, 700

2 213,650 | 256,000 | 320,000 | 384,000 | 479,500 640, 000
00 667, 050

604, 850

723, 400

Table 84.—Resisting Moments for Poles of Woods with Ultimate
Fiber Stress of 5,000 Pounds per Square Inch (Pine, Chestnut,
Western . Cedar, Cypress, etc.)

isti fi f uare inch)—
Clrcumference at Resisting moments for fiber stress of (pounds per square inch)

ground line
(inches) 1,250 1,670 2,000 2,500 3,000 3,750 5,000

Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft.

17,300 20, 750 25, 900 31,100 51,850
18, 900 , 600 28, 300 33,950 42, 400 56, 550
20, 550 24, 30, 750 36, 900 46, 150 61, 550

26, 33, 40, 100 50, 100 66, 800




310 APPENDIX F

Table 84.—Resisting Moments for Poles of Woods with Ultimate
Fiber Stress of 5,000 Pounds per Square Inch (Pine, Chestnut,
Western Cedar, Cypress, etc.)—Continued

Circumference at

Resisting moments for fiber stress of (pounds per square inch)—

ground line *

(inches) 1,250 | 1,60 | 2000 | 250 | 3000 | 3,750 | 56000
Lboft. | Ibet. | Zvegt. | Zvogr. | Lot | Lo,
28,200 | 33,750 | 42,200 | 50,650 | 63,300 | 84,400
30,350 | 36,350 | 45,450 | 54550 , 90, 900
32,650 | 30,100 | 48,850 | 58,650 | 73,300 | 97,700
35050 | 41,950 | 52450 | 62,000 | 78,650 | 104,850
37,550 | 44,950 | 56,200 | 67,400 | 84,250 | 112,350
10,150 '100 | 60,100 | 72100 | 90,150 )
42000 | 51350 1200 | 77,050 | 96,300
45,750 "800 | 68,500 | 82,150 | 102,700 | 136,950
48,700 , 72,050 | 87,500 | 109,400 | 145,850
51,850 | 62,050 : 93100 | 116,400 | 155 200
55050 | 65950 | 82450 | 98,900 | 123,650 | 164,900
) 70,000 | 87,500 | 105000 | 132,200 | 174,950
61,050 | 74,200 | 92,750 | 111,300 | 139,100 | 185,460
65,600 | 78,55 | 98,200 | 117,800 | 147,300 | 196,350
60,350 | 83100 | 103,870 | 124600 | 155,750 | 207,700
73,300 | 87,800 | 108,700 | 131,650 [ 164,600 | 219,450
77,350 | 92,650 | 115,800 | 139,000 | 173,750 | 231,650

122,150 | 146, 550 200 , 250
128,700 | 154,400 | 103,000 | 257,350
135,450 | 162,550 | 203,150 | 270,900
142,450 | 170,950 | 213,700 | 284,000
149,700 | 179,650 | 224550 | 299,400
157,200 | 188,600 | 235,750 | 314,350
164,000 | 197,900 | 247,350 ,

172,900 | 207,450 | 250,350 | 345,750
181,100 | 217350 | 271,650 | 362,250
180,600 | 227500 | 284400 | 379,200
108,350 | 238,000 | 207,550 | 306,700
207,350 | 248,850 | 311,050 | 414,750
216,650 | 260,000 | 325,000 | 433,300
226,200 | 271,450 | 339,300 | 452400
236, 050 '250 | 354,050 | 472,100
246,150 | 205,400 | 369,250 | 492,300
256,550 | 307,850 | 384,850 | 513, 100
267,250 | 320,700 | 400,850 4, 500
278,250 | 333,850 | 417,300 | 556,450
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Table 85.—Resisting Moments for Poles of Woods Having Ultimate
Fiber Stress of 3,600 Pounds per: Square Inch (Eastern Cedar,
Redwood, etc.)

Resisting moment for fiber stress of (pounds per square inch)—

Circumference at
ground line
(inches) 900 | 1,20 | 1440 | 180 | 2160 | 2700 | 3600
Lb -ft. Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft. Lb.-ft.

3,300 4,400 5, 250 6, 550 7, 900 9, 850 13, 150
3, 700 4, 950 5, 950 7,400 8, 800 11,150 14, 850
4,150 5, 550 6,700 8,350 10,000 12, 500 16, 700
4,650 6, 250 7, 500 9, 350 11, 200 14, 000 18, 700
5,200 6,950 8, 350 10, 400 12, 500 15, 650 20, 850
5, 800 7,700 9, 250 11, 600 13, 900 17,350 23,150
6,400 550 10, 250 12, 800 15, 400 19, 250 25, 650
7,050 9,450 | 11,300 | 14,150 | 17,000 | 21,200 28,300
7,800 10, 350 12, 450 15, 550 18, 650 23, 350 31,100
8, 550 11, 400 13, 650 17,050 20, 500 25, 600 34,150
9, 350 12, 450 14, 950 18, 650 22,400 28, 000 37,350
10, 200 13, 550 16, 300 20, 350 24,450 30, 550 40, 700
11, 100 14, 750 17,700 22,150 26, 600 33,250 44,300
1 16, 050 19, 250 28, 850 36, 100 48,100
13, 050 17,350 20, 26, 050 31, 250 39, 100 52,100
14,100 18, 800 22, 550 28,150 33, 800 42,250 56, 350
15, 200 20, 250 24,300 30, 400 36,450 45, 600 60, 800

18, 360 21, 800 26, 200 32,750 39, 250 49, 100 3
17,600 | 23,450 | 28,150 [ 35,200 52, 750 70,350
8, 900 25,150 30, 200 37,750 45,300 ), 75, 500
200 26, 32,350 40, 450 550 60, 660 80, 900
21, 650 28, 850 34, 600 43, 250 51, 900 86, 550
23,100 3 37,000 46, 200 55,450 69, 350 92, 450

26, 250 35,000 42,000 52,500 [ 63,000 78,750 105, 050

217,950 37,250 44,700 67, 050 , 800 111, 750
29, 700 39, 560 47, 500 59, 350 1,250 89,060 118, 700
31, 500 000 50, 400 y 75, 600 , 500 126,
33, 400 44, 53, 400 66, 750 80,100 | 100,150 133, 550
35,350 47,150 56, 650 70, 700 3 106, 141, 400
, 400 49,850 59,800 , 750 89,700 | 112,150 149, 550
39, 500 52,650 63, 200 79, 000 94,800 | 118,500 158, 000
41,700 55,600 66, 700 83,400 | 100,050 | 125,100 166, 800
- B8, 70,350 87,950 | 105,500 | 131,900 175850
46, 300 61, 750 74,100 92,650 [ 111,200 | 138,950 185, 300
48, 750 65, 000 78, 000 97, 500 117: 500 | 146,300 195, 050

61,300 68,400} 82,050 | 102,550 | 123,100 | 153,850 ' 205, 150
53, 900 71,850 86,200 | 107,800 | 129,350 | 161,650 215, 550
90, - 135, 800 69, 7. X

59,350 | 79,150 | 95,000 | 118,750 | 142,500 | 178,100 | 237,450

62, 250 83, 000 99,600 | 124,500 | 149,350 | 186,700 248, 950
65, 200 86,8(5)8 104,300 | 130,400 [ 156,900 | 195,600 260, 800

68, 250 09, 200 3
71,400 95,200 | 114,250 | 142,800 | 171,400 | 214,200 285, 650
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Table 85.—Resisting Moments for Poles of Woods Having Ultimate
Fiber Stress of 3,600 Pounds per Square Inch (Eastern Cedar,
Redwood, etc.)—Continued

Circurmference at Resisting moment for fiber stress of (pounds per square inch)—
ground line

(inches) 900 1,200 | 1440 | 1,80 | 260 | 2700 | 3,600

Lb.-ft. Lb.-ft. Lb.ft. Lb.-ft. Lb.-ft.
116,450 | 149,300 | 179,150 | 223,950 208, 600
124,800 | 156,000 | 187,200 | 234,000 312, 000
130,300 | 162,850 | 195,450 | 244,300 325,77
135,950 | 169,950 | 203,950 | 255,000 239

141,800 | 177,250 | 212,700 | 265,850 —
147,800 | 184,700 | 221,650 | 277,100 | 369, 450
153,950 | 102,400 | 230,000 | 288,600 | 384, 850
160,250 | 200,300 | 240,400 | 300,500 | 400, 650

Depreciation of Wood Poles.

Rule 261, A, 4 stipulates that wood poles shall be of such
material and dimensions that the loading specified in section
25 will not cause the fiber stresses given in Table 20 to be
exceeded. The allowable fiber stresses vary with the grade
of construction, and even with a stated grade of construction
vary according to the situation and according to whether
the pole has had previous preservative treatment. When
the pole has deteriorated to such an extent that the fiber
stress reaches another specified value, the pole must be re-
placed. The percentage of depreciation varies with the con-
ditions. Table 86 gives the minimum permissible depre-
ciated ground-line circumference for poles which have just
met the requirements when installed. Table 88 gives the
same information in terms of the permissible reduction in
the radius of the cross section of the pole taken at the ground
line. Table 87 shows the situations to which the various
values in Tables 86 and 88 apply.
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Table 86.—Minimum Depreciated Ground-Line Circumference of

Wood Poles

for ratio of fiber stress when installed to fiber stress when

Minimum allowable depreciated ground-line circumference
depreciated of—

NYN® ©WH® ©MO® WNON LNON WARO WHOO MOWL HONL NALW AROW

w | 35¥EE SN S388 SN¥¥ €854 dddd d888 gddS Jddd Jd3dE gugd
S| &

gOSRNE WHAN YNAN BANOX WMA® OMH® OHASR N¥AO NOMO OO~ BOWH

s mmww RANE Y888 R¥KE £549 #9388 S5%¥ gIFd J9dE $EES ¥g€a
~

”0.8.6.4” NOWD HNOW® 64u29w -I..Oﬁwl 97.0.«& 19-1.5 3.197 l..zo.s 6.4.0-.0. 86.42

a | 22287 NUNY S8RKN €888 H88d d8ds ¥¥gd Fddd J¢EE $¥gs S5k
- £
~

2 mmmm SRy SREK S85d dodE 8558% 2995 JY9¥Y $¢59 $824F «gds
~

s | % SRy Y88 R¥YE SE9Y S¥88 S5¥gs S99 ¢ddY S¥dd Soudd £ds88
~

9876. 40«.2.1“ nv.875 4:&2.0 93w~l.5 4320. 9w3.l.5

e 3888 #8957 FIYY $95Y ¥¥85 ddds s5g8g

Ground-line circumference
when installed (inches)
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Table 86.—Minimum Depreciated Ground-Line Citcumference of

Wood Poles—Continued

Minimum sllowable depreciated ground-line circumference
for ratio of fiber stress when installed to fiber stress when

Ground:-line circumference depreciated of—
when installed (inches)
2/3 3/5 5/9 1/2 4/9 2/5
Inches Inches Inches Inches Inches Inches
59.4 57.4 55.9 54.0 51.9 50. 1
60. 3 58.2 56.7 54.8 52.6 50. 8
61.2 59.0 57.5 55.6 53.4 516
62.0 59.9 58.4 56.4 54.2 52.3
62.9 60.7 59.2 57.1 54.9 53.0
63.8 61.6 60.0 57.9 55.7 53.8
64.6 62.4 60. 8 58.7 56. 5 54.5
65.5 63.2 61.7 59.5 57.2 55.3

Table 87.—Allowable Depreciation of Wood Poles Under Vertical and
Transverse Loading for Various Situations

[This table locdtes the situations to which the columns of Tables 86 and 88 apply]

Ratio of

maximum

fiber stress when in-

stalled to

maximum

fiber stress when de-
preciased for—

Treated | Untreated
poles poles
At crossings: .
In lines of one grade of construction throughout—
Grade A 2/3 2/3
Grade B__ 2/3 2/3
Grade C 1/2 1/2
In isolated sections of higher grade of constructlon in lines of a
lower: gmde of construction—
Grade A___...._____ 2/3 1/2
Grade B__ - - 2/3 4/9
Grade C_. 1/2 2/5
Elsewhere than at crossings:
2/3 5/9
3/6 1/2
2/3 1/2
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when installed to fiber stress when depreciated of—
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Maximum allowable radial depreciation for ratio of fiber stress
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DEPRECIATION OF WOOD POLES
Table 88.—Maximum Radial Depreciation of Wood Poles

Ground-line eircumference
when installed (inches)

-
49 s

B - R



316 APPENDIX F

Table 88.—Maximum Radial Depreciation of Wood Poles—Continued

Maximum allowable radial depreciation for ratio of fiber stress
. . when installed to fiber stress when depreciated of—
Ground-line circumference
when installed (inches)
2/3 3/5 5/9 1/2 4/9 2/5
Inches Inches Inches Inches Inches Inches
1.29 1.60 1.81 2.10 2.41 2.68
L31 1.62 1.84 2.14 2.45 2.72
1.33 1.65 1.87 2.17 2.49 2.76
1.35 1.67 1.90 2.20 2.53 2.81
1.37 1.70 1.93 2.23 2. 66 2.85
1.39 1.72 1.95 2.26 2.60 2.89
1.41 1.74 1.98 2.30 2.64 2.93
1.43 .77 2.01 2.33 2.68 2,97
1.45 1.79 2.04 2.36 2.71 3.02
1.47 1.82 2.07 2.40 2.76 3.08
1.49 1.84 2.09 2.43 2.79 3.10
1.51 1.87 2.12 2.46 2.83 3.14

Allowable Number of Wires on a Given Pole With and With-
out Side Guys.

Table 89 gives the allowable number of No. 4 covered,
solid, copper wires to be carried by a 35-foot pole of any
wood having an ultimate fiber stress of 5,000 pounds per
square inch. This number varies with the grade of con-
struction and with the loading district. In this table it is
assumed (1) that poles are set 6 feet in the ground; (2) that
the cross arms are 2 feet apart; (3) that 6-pin cross arms
are used up to 30 wires, and 8-pin arms for 31 or more wires;
(4) that the placing of wires is begun at the top arm (wires
6 inches below the top of poles) and continues to lower
cross arms after all wire positions are filled; (5) that the
clearance of wires above ground is never less than 18 feet;
(6) that the taper of poles amounts to 2 inches of circum-
ference per 5 feet of length. Strengths are computed at the
ground line. The values given apply to untreated poles in
situations of conflict or joint use, or to poles either treated
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or untreated at crossings in a line of uniform construction.
The values also hold for treated poles used at crossings
where the construction differs from the remainder of the line.

Tables 90 and 91 are based upon the assumption (1) that
the guys carry their loads with a factor of safety of 2; (2)
that they are installed with a lead of 1 to 3; (3) that they
are attached at the center of the load, thus making it un-
necessary to take into account the height of the pole. The
wind pressure on the pole itself has not been taken into
account in these tables. This addition to the load is equiva-
lent to that due to one or more wires, depending upon the
size and height of the pole and length of span and deduction
should be made in each case.
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Table 89.—Allowable Number of No. 4 Solid Copper T. B. W. P.
Wires to be Carried by Untreated 35-Foot Poles of Woods Classed
as of 5,000 Pounds per Square Inch Ultimate Fiber Stress (Pine,
Chestnut, Western Cedar, Cypress, etc.)

[For grades A, B, and C (except at crossings in isolated sections of higher grade) in heavy,
medium, and light loading districts)

. Allowable number of wires for ground-line circum-
Maxi- erence of—
Grade and loading | Jrees |Span
in pole 32in. [34in. |36in. |38in. |40in, 42in, |44in. |46in. |48in.
Lbs.[/in2| Feet
I T T
125 | o 5 1
B e L6710 0 150| o3| 3| 4| 5| 6| 7| o | n
00| o2| 2| 3| 4| 4| 5| 6| 7 8
w7l oyl el ol g gl g
125 1
B.Hooooomcaooanenl 2500 0 150 | 5| 6| 7| 8| 10| 12| 14| 16| 19
200 3| 4| 5| 6] 7| 9| 1w 12] 14
ol ul el 8l gl 8] g8
125 | 1 37
C.H...... seeeeeee| BT R 7| 9| u| 13| 18| 19| 22| 27| 20
200 5 7| 8| 10| 11| 14| 16| 19/ 2
100 27| 9 ar) M) 161 19) ;| o2 30
125 o 2| 15| 17 24
AMecoceaeaenee| L6050 | ea| 5f 7| 8| 10| 12| 14| 16| 19
200 3| 4| 5| 6| 7| 9| 10| 12| 14
mlelulnl ml el 8l
| T 24| 30| 32
B Moceoceceonnnnsl 2500 350 | 7| 9] 1| 14| 18| 10| 23| 2| 30
2000 5| 7| 8| 10| 12| 14| 16| 19| 23
R I AR B
12 3 0 0
O Meeememnenee| 37801 150 | 12| 15| 18| 22| 27| 31| 37| 40| s40
200 9| 1| 13| 1| 19| 28| 27| 30| 36
oyl ul | 8l g 8lg
125 2 2 | 38
Ao Lccccieneneet L0 R 150 [ 7] 9| 1| 14| 16| 19| 28| 27| 30
5 8| 8| wf| 12| 14| 16| 19| 22
100 19| 24| 30| 34| 40| v40| vdo | v40| 40
B.L o501 125]| 15| 18| 23| 28| 32| 39| 40| 40| b4o
B e B 10| 12| 15| 18| 22| 27| 31| 87| v4a0| 40
200 of 11| 13| 16| 19| 23| 27| 31| 36
100 30| 38| vd0| 240 240 240 | 240 | 240 | 4o
oL arsold125| 25| 30| 36| 40| v40| v40 240 bdo | vao
e ) 150 | 20| 25| 30| 36| 40| »d0| vd0| 40| da0
200 14| 18| 21| 26| 30| 37|40 v40| b40

o For grade A in heavy and medium loading districts, 35-foot poles can not be used with so
imx:ll(a)g;‘ound-line circumference, since pole top would be less than 7 inches. (See rule 261,

» 4, (0).

b These numbers of wires will fill all available pole space when carried on 8-pin cross arms,
but will not use up the available strength of the pole.
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Table’' 90.—Allowable Number of No. 4 Solid Copper T. B. W. P.
Wires to be Carried on 'Poles Supported by Side Guys of Various
Strengths under Various Grades of Construction (A, B, or C) and
Loadings (Heavy, Medium, Light)

Number of wires to be carried by poles supported by the
following numbers and strengths of guys
: One
Grade and loading Span
One One One One | Two lg;_?gg' Two
4,000- | 6,000- | 10,000- | 16,000- | 10,000~ | PO17Cs | 16,000-
pound | pound | pound | pound | pound 16,000- pound
pound
Feet
7% 9 13 22 36 45 59 73
100 6 10 17 27 34 4“4 55
A.H.andB.H_._______ 125 5 8 13 22 27 35
150 4 6 11 18 22 36
200 3 5 8 13 17 27
75 13 20 34 55 68 89 110
100 10 15 25 41 51 67 82
(S0 = SR ——— 125 8 12 20 33 41 66
150 6 10 17 27 34 4 55
200 5 7 12 20 25 33 41
75 14 21 35 57 71 93 115
100 10 16 26 43 53 70 86
A.M.and B.M._______ 125 8 12 21 34 43 56 68
150 7 10 18 35 46 57
200 5 8 13 21 26 35 43
75 21 32 53 86 107 140 172
100 16 24 64 105 129
(O 7 S - 125 12 19 32 51 64 84 103
150 10 16 27 43 70
8 12 20 32 40 52 64
75 22 33 55 88 111 144 177
100 16 25 41 66 108 133
A.LandB. L_________. 125 13 20 33 53 66 86 106
150 11 16 27 44 55 72
200 8 12 20 33 41 54 66
75 33 49 133 166 216 | . 266
100 25 37 62 99 124 162 199
C.Looeee. 125 20 30 49 79 99 129 159
150 16 25 41 66 83 108 133
12 18 31 49 62 82
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Table 91.—Allowable Number of No. 8 B. W. G. Bare Iron Wires
to be Carried on Poles Supported by Side Guys of Various Strengths
under Various Grades of Construction (D or E) and Loading (Heavy,
Medium, or Light)

One
One One One One | Two lg;?g%' Two
Grade and loading Span | 4,000- | 6,000- | 10,000- | 16,000- | 10,000- pone *| 16,000-
pound | pound | pound | pound | pound | ;¢'a50 | Pound
pound
75 10 16 27 43 54 70 86
D.H 100 8 12 20 32 40 53 65
¢ Blemmmoomeomeee oo 125 6 9 17 28 32 42 52
150 5 8 13 21 29 35 43
75 16 24 40 65 81
E.H 100 12 18 30 48 61 79 97
¢ Hlosoomoencneonccanes 125 9 14 24 39 48 63 78
150 8 12 20 32 40 53 65
75 19 28 47 76 95
D.M 100 14 21 36 4 71 92 oo
e Meecrnennnnaaneens 125 1 17 28 45 57 74 91
160 9 14 8| 4 61 7
| &
B Meeeeeeeeeee- sl 1
150 14
1
DiLeeeoieeeenennns 125 30
150 25
BB
1
Bl 125 46
150 38

Note.—The blank spaces in the above tables indicate that more than 100 wires can be
carried by the size and number of guys in question under the indicated conditions of hazard,
loading, and span length without exceeding one-half of the ultimate strength of the guys.
‘Where the number of wires carried by a pole exceeds 80 it is good practice to install some of

them in cable.
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The values given in Table 92 are those recommended as
the depth to which poles should be set under ordinary
straight-line conditions in firm soil or rock. On corners or
angles, or heavy dead-ends, these values should be increased

by at least 6 inches.

(See rule 262, B.)

Table 92.—Recommended Depth of Setting of Poles—Rule 262, B

Setti; Setting
Length of pole in feet in sof in rock
Feet Feet

20 5.0 3.0
. S - 5.0 3.5
. 5.5 3.5
35. 6.0 4.0
40. . 6.0 4.0
45 - 6.5 4.5
50. 7.0 4.5
55. 7.0 5.0
60. 7.5 5.0
65. 8.0 6.0
70. 8.0 6.0
75 8.5 6.0
80. 9.0 6.5
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Appendix G.—DEFINITION OF AMERICAN SOCIETY
FOR TESTING MATERIALS OF DENSE SOUTHERN
YELLOW PINE

This term includes the species of yellow pine growing in
the Southern States from Virginia to Texas; that is, the
pines hitherto known as long-leaf pine (Pinus palustris),
short-leaf pine (Pinus echinata), loblolly pine (Pinus taeda),
Cuban pine (Pinus heterophylla), and pond pine (Pinus
serotina).

Under this heading two classes of timber are designated:
(@) Dense southern yellow pine and (b) sound southern
yellow pine. It is understood that these two terms are
descriptive of quality rather than of botanical species.

(a) Dense southern yellow pine shall show on either end
an average of at least six annual rings per inch and at least
one-third summer wood, or else the greater number of the
rings shall show at least one-third summer wood, all as
measured over the third, fourth, and fifth inches on a radial
line from the pith. Wide-ringed material excluded by this
rule will be acceptable, provided that the amount of summer
wood as above measured shall be at least one-half.

The contrast in color between summer wood and spring
wood shall be sharp and the summer wood shall be dark in
color, except in pieces having considerably above the mini-
mum requirement for summer wood.

(0) Sound southern yellow pine shall include pieces of
southern pine without any ring or summer-wood require-
ment.

@)
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