UNITED STATES DEPARTMENT OF AGRICULTURE
Rural Utilities Sexvice

RUS BULLETIN 1724E-216

SUBJECT: Guide Specification for Standard Class
Spun, Prestressed Concrete Transmission Poles

T0: All Electric Borrowers

OFFICE OF PRIMARY INTEREST: Transmission Branch, Electric Staff
Division

EFFECTIVE DATE: Date of Apiaroval

EXPIRATION DATE: Seven years from effective date.

FILING INSTRUCTIONS: None. This is a new bulletin.

AVAILABILITY: This bulletin can be accessed via the Internet at:
http://www.usda.gov/rus/electric/index.htm

PURPOSE: This bulletin provides a basis for procuring standard
class spun prestressed concrete poles.

7/6/7

Assistant Administrator, ' Dpate
Electric Program




Bulletin 1724E-216
Page 2a

BLANK PAGE



Bul letin 1724E-216

Page 3a
TABLE OF CONTENTS
| NSTRUCTI ONS WHEN USI NG RUS GUIDE SPECIFICATIONS . . ............ 5a
TECHNI CAL SPECI FI CATI ONS . . . . e e e e 1
L. SCOPE . 1
2. Definitions ... ... . 1
3. Codes and Standards ........... ... 4
4. Ceneral Requirements ......... .. ..., 6
5. Inspection and TesSting ........ ... ... 17
6. Shipping and Delivery .. ... ... e 20
7. Drawings and Information to be Supplied

by the Manufacturer... ... ... . . . .. . . . . . . 21
8. Approvals, Acceptance, and Owership...................... 22
9. List of Attachments .......... .. . .. . .. 23
Attachnment A - Pole Framing Drawings ..................... 25
Attachnment B - Application Requirements .................. 27

Attachnment C - Bid Summary-Design |Information, Wights,
And Costs(Information to be Submtted with Proposal) 29
APPENDI X A - COMMENTARY .. e e e A1
APPENDI X B — EXAMPLE POLE FRAM NG DRAWNG. . .. ............... B-1
APPENDI X C - DESIGN EXAMPLE . . . ... .. e C1
APPENDI X D - SELECTED SI-METRI C EQUI VALENTS ................ D1
APPENDI X E - CONTRIBUTORS ... ... .. e e E-1

| NDEX: PCLES: Concrete
SPECI FI CATI ONS AND STANDARDS: Gui de Specification for
St andard C ass Spun Prestressed Concrete Pol es
Transmi ssion Facilities: Poles (Concrete)

ABBREVI ATI ONS

ACI Anmerican Concrete Institute

Al SC Anmerican Institute of Steel Construction
ASCE American Society of Gvil Engineers
ASTM American Society for Testing and Materials
AVS Anerican Wl di ng Soci ety

FOB Free on Board

| FI I ndustrial Fasteners Institute

ki p 1, 000 pounds

ksi ki ps (1000 I b.) per square inch

nph m | es per hour

NESC Nati onal Electrical Safety Code

CLF Overl oad Factor

CHGW Overhead Ground Wre

PCl Prestressed Concrete Institute

psi pounds per square inch

PVC Pol yvi nyl chl ori de

RUS Rural Uilities Service



Bulletin 1724E-216
Page 4a

BLANK PAGE



Bulletin 1724E-216
Page 5a

| NSTRUCTI ONS WHEN USI NG RUS GUI DE SPECI FI CATI ONS
FOR STANDARD CLASS SPUN, PRESTRESSED CONCRETE POLES

A, Purpose: This guide specification provides a basis for
procuring direct enbedded standard cl ass spun prestressed
concrete poles. |If poles are conpetitively bid, use of this
specification will elimnate anbiguities which mght arise in the
eval uati on process.

Term nol ogy used in this specification has been sinplified in
order to provide consistency. Referring to the owner can al so
mean the owner's representative or engineer.

The owner is responsible for conpleting this specification and
addi ng other information, draw ngs and suppl enental requirenents
as appropriate. It may be necessary for the owner to nodify this
specification in order to consider special applications or

pr ef er ences.

B. Scope: This purchase specification covers the technical
aspects of design, materials, manufacturing, inspection, testing,
and delivery of direct enbedded standard class spun prestressed
concrete poles. It is recommended that this specification be
limted to poles which are not guyed, not subjected to unbal anced
| ateral |oads, or do not have deflection limtations or other
special limtations. For concrete pole applications which
consider these itens, it is recomended that the owner use Cuide
Specification for Spun, Prestressed Concrete Pole and Concrete
Pole Structures, RUS Bulletin 1724E-206. This specification does
not include front-end docunents or specifications for
construction. The owner needs to add front-end docunents
including instructions to the bidders and general conditions.
This specification my be expanded to include Hframe structures.

C. Initial Design Considerations: There are several engineering
decisions required of the user of this specification to determ ne
whi ch standard cl ass concrete poles to specify. Sone exanpl es

i nclude, but are not limted to:

Ampunt of foundation rotation and deflection to consider for
i ncorporating P-delta nonents;

Location of point of fixity;
Enbednent dept hs;

Load cases to be considered in addition to those required by
the National Electrical Safety Code (NESC); and

Deflection limtations.
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Prior to the selection of a standard class pole, the user should
performthe engineering required for these types of issues or
enpl oy an engi neering consultant to do so. See Appendix A for a
di scussion of sone of these itens.

D. Infornmation to be Conpl eted by the Owmer - Wien using these
specifications the owner should detach sheets la to 8a and the
Coment ary, and add or conplete the foll ow ng:

D.1 Docunents and general infornmation to be added to the
techni cal specification: The follow ng front-end docunents and
general information need to be added to this technical

speci fication:

RUS Form 198 (Recomrended for conpetitive bidding)
Suppl enmental Instructions to Bidders
CGeneral Conditions

It is reconmended that RUS Form 198 be used for conpetitive
bidding. This formcovers Notice and Instructions to Bidders,
Proposal , and Equi prrent Contract. O her supplenental information
whi ch the owner may want to add includes Bid Subm ssion, Bid
Price and Schedul e, Bid Acceptance Period, Bid Requirenents, Bid
Data, and Bidder's Qualifications. A section on General

Condi tions could include such itens as Definition of Terns,

| nspection and Acceptance, Interpretation of Bid Docunents,
Addenda to the Bid Docunents, Insurance, Method of Payment (if
Form 198 is not used), Quantities, and Tabulation of Unit Prices.

D.2 Specifications and technical information to be conpl eted by
t he Omwner:

a. Configuration requirenents and other information (Attachnent
A of the specification or equivalent):

(1) Structure dinmensions;

(2) Conductor support (type, holes, orientation and hei ght);
(3) OHGW support (type, holes, orientation and height);

(4) Underbuild support (type, holes, orientation and hei ght);
(5) Enbednent depths; and

(6) Oher hole |locations and/or requirenents.

b. Strength requirenents - Standard cl ass designations for spun
concrete poles, which include ultimte |oading and ultinmate
strength requirenents.

This specification establishes standard concrete pole sizes. The
appropriate standard class pole from Section 4 needs to be



Bulletin 1724E-216
Page 7a

sel ected by the engineer.

In the calculations to select the standard cl ass pole, the

engi neer shoul d use m ni nrum desi gn | oads whi ch neet NESC

requi renents appropriate for the loading district, any | ocal
codes, the NESC extrene wi nd | oad provisions, and any necessary
extrenme ice and wind conditions with the appropriate overl oad
factors. The design | oads account for all |oading cases including
wi nd on pole and secondary stresses from foundation deflection
and rotation, and fromvertical |oads acting on |ateral pole
deflection (P-delta effect).

ASCE Qui delines for Transm ssion Line Structural Loading can be
used for devel opi ng | oads produced by climte, accidents,
construction and mai ntenance. Cal cul ations need to include the
vertical, transverse, and |ongitudinal |oads with wind on the
structure and the dead wei ght of the structure for any given

| oadi ng condition applied sinultaneously.

c. Application Requirenents (Attachnent B to be conpleted by the
Onner).

(1) Location of clinbing and/or working devices and the quantity
of each to be supplied with the poles.

(2) Delivery schedule, F.O B. |ocation, and nane, address, and
t el ephone nunber of the owner's contact.

(3) Additional requirenments. Additional itens such as speci al
pol e color (stain, paint, or dye additive), location of bolt

hol es for other attachnment requirenents, grounding requirenents,
cant holes, switch operating nechani sns, etc.

(4) Pole tests required.

E. Infornation to be Conpl eted by the Manufacturer

E.1 The owner should have the follow ng information conpl et ed
and submtted by each bidder (Attachnent C or equival ent).

a. Calculated weight of each concrete pole;

b. For each standard class pole ultinmate | oading, provide
section and strength properties, including the ultimate,
cracking and zero tension nonments and defl ections, at
maxi mum five foot intervals along the pole;
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C.
d.
e.

f.

g.

Pol e dianmeter at top, bottom and groundline;

Tip and butt wall thickness;

Prestress strand - quantity, size and dropout |ocation;
28-day conpressive strength of concrete; and

D anmeter taper (in/ft).

E.2 The owner should have the follow ng information conpl eted by
t he successful bidder prior to pole manufacture:

a.

d.

E.3 Test

Type of material of major conponents (ASTM nunber and
gr ade) ;

Quantity, size and grade of prestressing strands or
ot her reinforcenent;

Description of pole including thickness, |ength,
di aneter, and taper; and

Desi gn excepti ons.

reports as requested by the owner.
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TECHNI CAL SPECI FI CATI ON FOR STANDARD CLASS
SPUN, PRESTRESSED CONCRETE POLES

1. SCOPE This specification covers the design, materials,
manuf acture, inspection, testing, draw ngs, shipping, and
delivery of direct enbedded standard cl ass spun prestressed
concrete poles.

2.  DEFI N TI ONS

Adm xture - Any material other than water, aggregate, or cenent
that is used as an ingredient of concrete and added to concrete
before or during its mxing to nodify its properties.

Appurtenance - Any hardware or structural nenbers that are
attached to the concrete pole to nmake a conplete structure.

Bondi ng, Electrical - The electrical interconnecting of
conductive parts, designed to maintain a conmon el ectrical
potenti al .

Cant Hole - A through hole in the pole which is used in rotating
the pole about its axis during setting. The hole is typically
1-1/2” in dianmeter and | ocated approximately 4 feet above the
groundl i ne.

Circunferential Cracks - Cracks that parallel a cross-section of
a concrete pole.

Cracki ng Monent - The noment which is developed in the pole at
the tinme the cracking strength of the pole is experienced.

Cracking Strength - The point at which the concrete just begins
to separate due to exceeding the tensile strength of the concrete
on the tension face of the pole.

Del et eri ous Substance - Any substance that is not desirable in a
m xture, usually causing harmin sufficient quantities.

Dropout, Steel Cable - The term nating point of any |ongitudinal
steel that is not continuous for the length of the pole.

Ef fl orescence - The formation of a white filmon the surface of
the pole, typically caused by the emergence of chlorides during
curi ng.

Enbednent - That portion of the pole which is designed to be
| ocated in the ground or other supporting nmedi um
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G oundline - The point at which the enbednent begins. Resistance
fromthe supporting soils or other nedium begins at or bel ow
groundline. Goundline is defined for transm ssion line design to
determ ning ground cl earances and for |ocating clinbing devices,
cant hol es, nanepl ates, etc.

Goup of Bolt Holes - Al of the holes in which a single hardware
assenbly will be attached.

Guyed Structure - A structure in which cable supports are used to
increase its lateral |oad resistance.

I n-Line Face - The face of the pole which “faces” an adj acent
structure in the |line.

Longi tudi nal Cracks - Cracks in concrete that are parallel to the
| ong axis of the pole.

Longi tudi nal Reinforcenent - The reinforcing steel which is
installed along the |ong axis of the pole.

Manuf acturer - The conpany responsible for the fabrication of the
pol es. The manufacturer nakes the poles based on the design
drawi ngs devel oped by the structural designer, which is the

engi neer responsible for the structural design of the poles and
is usually enployed by the manufacturer.

Overload Factor - Amultiplier which is applied to each of the
vertical, transverse and |ongitudinal structure |oadings to
obtain an ultimate load. The nultiplier takes into account the
variability of climatic events as well|l as the inportance of the
structure.

Ower - The Rural Uilities Service borrower procuring the
concrete poles.

P-Delta Monment - The additional nonment created by vertical |oads
acting on the structure which deflects fromits unl oaded
posi tion.

Point of Fixity - The point on the pole at or bel ow groundline
where the maxi mum nonment occurs. Location of this point is
dependent on the characteristics of soils around the enbedded
portion of the pole

Pol e End Squareness - A neasure of how perpendicul ar the finished
surface of the pole butt is to the |longitudinal axis of the pole.
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Pol e Failure - The point at which the maxi num strength of the
pole is realized. Failure usually occurs with crushing of the
concrete or permanent deformation.

Pol e Sweep - The neasure of deviation from strai ghtness al ong the
| ength of the pole.

Post - Tensi oned Steel Strand - The | ongitudinal reinforcenent that
has been tensioned after the concrete has hardened.

Prestressed Concrete - Reinforced concrete in which internal
stresses have been introduced to reduce potential tensile stress
in concrete resulting from|l oads.

Pretensioned Steel Strand - The | ongitudinal reinforcenent that
has been tensioned before concrete is placed. Also referred to
as prestressed steel strand.

Pyrite Staining - A pale brass-yellow colored stain in the
concrete caused fromthe concrete m xture containing an excess
anmount of iron disulfides.

Rei nforcing Steel - Any steel for the purpose of reinforcenent of
the concrete, including |ongitudinal reinforcenent, spiral
rei nforcenent and deforned reinforcing bars.

Rel ease Strength - The m nimum concrete strength that is
necessary before the pretensioned strands can be rel eased.

Spiral Reinforcenent - Steel reinforcenent, continuously wound in
the formof a cylindrical helix, that encloses the |ongitudinal
steel .

Spun Concrete Pole - A pole which is manufactured by pl aci ng
prestressed steel strands and spiral reinforcenent in a nold,
addi ng fresh concrete and spinning the nold to formthe pole.

Standard Cl ass Pole - A direct enbedded spun concrete pole which
i s designed according to a standardi zed strength and | oadi ng
criteria established by the Oaner.

Tip Load - The horizontal |oad which is applied to the standard
class pole at a distance of 2 feet fromthe pole tip.

Utimte Load - The maxi num desi gn | oad whi ch includes the
appropriate overload factor.

Utimte Mnent Capacity - The nmonent which is devel oped in the
pole at the tine the ultimte strength of the structure is
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realized.

Utimate Strength - The maxi mum strength in the stress-strain
diagram For the pole, this is considered to be the point at
which the pole fails, usually with crushing of the concrete.

Yield Strength - The m ninum stress at which a material wll
start to physically deformw thout further increase in |oad or
whi ch produces a permanent strain. This is known as the elastic
[imt of the material.

Zero Tension Strength - The nonment at which a crack that was
previously created by exceeding the cracking nmonent strength wll
open again. Under this condition, an applied nonment will not
cause any tensile stress in the concrete. It wll always be |ess
t han the cracking nonent strength.

3. CODES AND STANDARDS

Codes, standards, or other docunents referred to in this
specification are to be considered as part of this specification.
In the event of a conflict between this specification and the
National Electrical Safety Code (NESC), the NESC shall be
followed. In the event of a conflict between this specification
and all other referenced docunents, this specification shall be
followed. If a conflict between several referenced docunents
occurs, the nore stringent requirenent shall be followed. If
clarification is necessary, contact the owner.

The nost recent editions of the foll ow ng codes and standards
shall be followed in the design, manufacture, inspection,
testing, and shipnent of spun, prestressed concrete poles.
3.1 Anerican Concrete Institute (AC):
ACI 318, Building Code Requirenments for Reinforced Concrete
3.2 Prestressed Concrete Institute (PCl):
WMNL 116, Manual for Quality Control for Plants and
Production of Precast Prestressed Concrete Products
3.3 Anmerican Welding Society (AW5):
AWS D1.1, Recommended Procedures for Wl ding, Reinforcing

Steel, Metal Inserts, and Connections in Reinforced Concrete
Construction
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Anerican Society for Testing and Materials (ASTM:

ASTM A82
ASTM A416

ASTM A421

ASTM A496
ASTM A615/ A615M

ASTM A617/ A617M

ASTM A641M

Steel Wre Plain, For Concrete Reinforcenent

Steel Strand, Uncoated 7-wire For Prestressed
Concrete

Uncoated Stressed Relieved Steel For Prestressed
Concrete

Steel Wre, Deforned For Concrete Reinforcenent

Def ornmed and Plain Billet-Steel Bars For Concrete
Rei nf or cenent

Axl e-Steel Defornmed and Plain Bars For Concrete
Rei nf or cenent

Zinc Coated (Gal vani zed) Carbon Steel Wre-Metric

ASTM A706A/ A706MLow Al | oy Steel Defornmed Bars For Concrete

ASTM C31 and 39

ASTM C33
ASTM C131

ASTM C150
ASTM C172
ASTM C289

ASTM C494
ASTM C881
ASTM C1089

Rei nf or cenent

Speci fications for Sanpling Concrete and Testing
Concrete Cylinders

Concrete Aggregates

Standard Test Method for Resistance to Degradation
of Small-Size Coarse Aggregate by Abrasion and

| npact in the Los Angel es Machi ne

Portl and Cenent

Sanpling Freshly M xed Concrete

Testing Potential Alkali-Silica Reactivity of
Aggr egat es

Chem cal Adm xtures For Concrete
Epoxy- Resi n- Base Bondi ng Systens for Concrete

St andard Specification For Spun Cast Prestressed
Concrete Pol es

| ndustrial Fasteners Institute (IFl):

Fast ener St andards

American National Standards Institute (ANSI) C2, National
El ectrical Safety Code
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3.7 Anmerican Society of Civil Engineers/Prestressed Concrete
Institute (ASCE/ PCl) Joint Commttee on Concrete Poles:

Guide for the Design of Prestressed Concrete Poles, |atest
edition
4. CGENERAL REQUI REMENTS The design, fabrication, processes,
t ol erances, and inspection of poles shall conformto the
fol | ow ng:

4.1 Design Requirenents:

4.1.1 Pole designs shall be prepared fromthe attached
configuration drawi ngs, design | oads and strength requirenents
for the standard cl ass poles. Poles shall be designed by the
ultimate strength nethod as explained in ACl 318. The point- of -
fixity shall be considered to be |located at a distance fromthe
pol e butt which is equal to 7% of the pole length. The pol e shal
be symetrically designed such that the strength required in any
one direction shall be required in all directions about the

| ongi tudi nal axis. The poles shall be uniformtaper fromtip to
butt.

4.1.2 Using the corresponding values in Table 1, the pol es shal
be designed for the following requirenents as illustrated by
Figure 1:

a. The reinforcing steel shall begin at the pole tip and the
pol e shall develop the m ninumultinmate nonent capacity
required in Table 1 at a distance of five feet fromthe pole

tip;

b. The pole shall develop the m ninmumultimte nonent
capacity along the pole to the point-of-fixity which is
calculated by nmultiplying the tip load in Table 1 by the
di stance fromthe tip | oad,

c. The reinforcing steel required at the point-of-fixity
shall continue to the pole butt.

4.1.3 The poles shall be designed to withstand the specified tip
| oadi ng w t hout exceeding a pole deflection of 15 percent of the
pol e hei ght above the point of fixity when tested under short
term | oading conditions in accordance with the horizontal test
procedures described in the Guide for the Design of Prestressed
Concrete Poles (ACSE/ PCl Joint Commttee on Concrete Pol es).
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FI GURE 1
Mnimum U ti mate Monent Capacity Diagram al ong the Pol e

Pole Tip (top)
2 Tip
Load

N Strength Governed
By Section 4.1.2.(a)

N\
\
\
N
N

——014—

\ Strength Governed
\ By Section 4.1.2.(b)

\

(Tip Load X D) \

Owner Defined
Groundline ________________________________________\\_ ______

Point-of-Fixity — ____}_____________________________ XX“

} Strength Governed
/ By Section 4.1.2.(c)

Pole Butt

4.1.4 The poles shall be designed to withstand 40 percent of the
specified tip |loading wthout exceeding a pole deflection of

5 percent of the pole height above the point of fixity when
tested under long term |l oading conditions in accordance with the
hori zontal test procedures described in the Guide for the Design
of Prestressed Concrete Poles (ACSE/PClI Joint Commttee on
Concrete Pol es).

4.1.5 Poles shall be designed so that the cracking strength of
t he pol e exceeds 40 percent of the required ultimte strength.

4.1.6 Poles shall be designed so that the zero tension strength
of the pole exceeds 28 percent of the required ultimte strength.
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Strength Requirenents
Minimum
Standard Class Ultimate Moment Capacity
Designations For Spun At Five Feet From Pole Tip Load
Concrete Poles Tip(Ft.-Kip) (Lbs.)
C-12.0 96 12,000
C-11.0 88 11,000
C-10.0 80 10,000
C-09.0 72 9,000
C-08.0 64 8,000
C-07.1 57 7,125
C-06.2 50 6,250
C-054 44 5,450
c-04.7 38 4,700
C-04.0 32 4,000
C-034 27 3,375
C-02.8 23 2,825
C-02.3 19 2,325
C-01.9 15 1,875

4.1.7 Pol es shall be designed to withstand a one-point (tilting)
pi ckup during erection. The poles shall be designed for two-point
pi ckup for horizontal handling. Poles shall be designed for the
| oads generated from handling and erecting w thout exceeding the
cracki ng nmonment capacity of the poles.

4.1.8 The pole design shall include allowances for |oads from
handl i ng, transportation and erection without failure, pernmanent
deformation, or damage to the pole when handl ed according to the
manuf acturer’s instructions. (See Section 6.1)

4.1.9 The design of each pole shall be perforned using the
appl i cabl e codes and standards listed in Section 3 of this
speci fication.
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4.1.10 Pole design and design cal cul ations shall be the
responsibility of the manufacturer.

4.2 Material s:

4.2.1 The chem cal properties of materials used in the

manuf acture of the poles shall neet the requirenents of the
appl i cabl e ASTM specification and be such that noticeable pyrite
staining or efflorescence due to sulfates and/or chlorides does
not occur.

4.2.2 Al anchors and inserts provided by the manufacturer shal
be hot dip gal vani zed or noncorrosive material. Cadm um pl at ed
and al um num material shall not be used. All inserts shall be
noncorrosive materials designed and manufactured for the intended
pur pose and used according to manufacturer's reconmendations. |If
the manufacturer considers lifting devices necessary or
desirable, suitable flush inserts may be cast into the pole with
removabl e lifting attachments

4.2.3 The concrete shall have a m ni num 28-day conpressive
strength of 5,000 psi wth a maxi num wat er-cenent ratio of 0.40.
Hi gher strengths and | ower water-cenent ratios are encouraged and
may be necessary to offset steel cover requirenents.

4.2.4 The cenent shall be either Type I, II, II1l, or V Portland
cenment conformng to ASTM C150.

4.2.5 Fine aggregate shall be a natural sand, consisting of

cl ean, strong, hard, durable uncoated particles conformng to
ASTM C33, and all specifications included therein. The aggregate
shall be well graded fromNo. 4 to No. 200 sieve. Deleterious
substances shall not conprise nore than 5 percent of the sanple.

4.2.6 Coarse aggregate shall be clean, tough, crushed stone
conform ng to ASTM C33, and all specifications included therein
The aggregate shall be well graded froma 3/4 inch to a No. 8
sieve with no nore than 5 percent of the sanple passing through a
No. 8 sieve. Deleterious substance content shall not exceed

5 percent of the sanple. Resistance to abrasion shall not exceed
40 percent as tested in conformance with ASTM C131. Absorption
shall be I ess than 4 percent or aggregate shall be saturated with
wat er prior to use in concrete.

4.2.7 Aggregate shall be tested in accordance with ASTM C289 to
determ ne an al kal i -aggregate reaction. Crushed rock or
partially crushed rock shall be the source of the aggregate.
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4.2.8 Water shall be clean, free fromundesirabl e anpbunts of
oils, acids, alkalis, salts, organic materials, or other
del et eri ous subst ances.

4.2.9 Adm xtures shall conformto ASTM C494. Air entraining
adm xtures can be used if approved by the owner. Adm xtures
shall not contain chloride ions in quantities that would cause
the total chloride content of the concrete to exceed 0.4 pound
per cubic yard.

4.2.10 Prestressing steel mechanical properties, reinforcing
steel and spiral reinforcenent shall be in accordance with the
appl i cabl e ASTM specifications listed in Section 3 of this
speci fication.

4.2.11 Concrete m x design requirenents |isted above can be
altered with the owner's approval .

4.3 Wor kmanshi p:

4.3.1 The pole shall be circular in cross section and the

di aneter, as neasured at any location on the pole, shall not vary
by nore than 1/4 inch from any other measurenent taken on that
Cross section.

4.3.2 The pole shall have a uniformtaper fromtop to butt.

4.3.3 Deviation of the pole fromstraightness is allowed in one
pl ane and one direction only. A straight line joining the edge
of the pole at the butt and the edge of the pole at the top shal
not be further fromthe surface of the pole at any point by nore
than the accumul ated val ue of 0.25 inches for each 10 feet of

| ength between the two ends. The detensioning operation shall be
performed in a manner to keep the prestressing forces

symretri cal

4.3.4 Prestressing steel stress limts shall not exceed:

1. 80 percent of the ultimate strength or 94 percent of the
yield strength or the maxi num val ue recomended by the
manuf acturer of prestressing steels or anchorages for
j acking force;

2. 74 percent of the ultimate strength or 82 percent of the
yield strength i medi ately after prestress transfer; and

3. 70 percent of the ultimate strength for post-tensioned
steel at anchorages and couplers imedi ately after
anchor age.
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4.3.5 Spiral reinforcenent shall cover the entire pole |ength.
The m ni num cl ear spacing of spiral reinforcement in the top 2
feet and bottom 2 feet of the pole shall be 4/3 of the maxi num
coarse aggregate or three tines the strand di aneter, whichever is
| arger, but not |ess than one inch. The maxi mum cl ear spacing
for the remainder of the pole shall not exceed 4 inches.

4.3.6 Cear distance between prestressing steel strands shall be
either 4/3 tinmes the maxi num aggregate size or 3 tinmes the strand
di aneter, whichever is larger. 1In the event that this condition
is not net at the pole tip, closer spacing would be permtted
provi ded that the placenent of concrete can be acconpli shed
satisfactorily, adequate stress transfer can take place, and
appropriate provisions are used for maintaining spaci ng between
the prestressing steel strands.

4.3.7 The manufacturer shall provide holes through each pol e as
specified on the pole fram ng draw ng(s), included as

Attachnment A,  Preforned holes shall be cast using rigid PVC
inserts (or other suitable material) held firmy in place. Plugs
may be used with the owner's approval. Preforned inserts shal

be sized for the specified hole dianmeter and shall be full length
of pole dianmeter for all through holes. Unless otherw se noted
on the drawi ngs, holes shall be perpendicular to and pass through
the centerline of the pole.

4.3.8 The pole manufacturer shall provide preformed inserts at
two locations to allow air circulation within the pole. Inserts
shall be 1 inch m ninmm dianeter and shall have a | ouvered
opening. The inserts shall be |ocated within 10 feet of the tip
and within 10 feet above the groundline.

4.3.9 Holes may not be drilled through the pole wall, except as
specifically necessary to correct errors or omssions and only if
approved by the owner.

4.3.10 The longitudinal steel shall not be cut for any reason
unl ess approved by the owner. The owner may reject any pole in
whi ch the longitudinal steel is cut. Al exposed steel resulting
fromdrilled holes shall be covered with an epoxy paste per

ASTM C881 Type Ill1. Areas with noderate or severe spalling shal
be cl eaned and reforned with an epoxy paste or epoxy concrete per
ASTM C881 Type |1.

4.3.11 The owner shall have the right to reject any pole in
whi ch the performance of a bolted connection may be reduced due
to the lack of a cleanly preformed or drilled hole.
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4.4 Manufacturing Tol erances:

Manuf acturing tol erances shall be limted to the foll ow ng:

Pol e Length +2 inches, or +1 inch +1/8 inch per 10 feet of
| engt h, whichever is greater (i.e. - 120 foot
pol e shall have a length of 120 feet 2%

i nches)

-6 inches or +12 inches for assenbl ed spliced

structure
Pol e Di aneter +1/ 4 inch
Wal | Thi ckness 1/4 inch or 12 percent of wall thickness.

(Note: this requirement may be wai ved provided
that the structural adequacy and durability
are not inpaired.)

Pol e End Squar eness +1/2 inch per foot of pole dianeter

Pol e Sweep 1/4 inch per 10 feet of pole length

Pol e Wi ght +10 percent of cal cul ated val ue

Locati on of +1/4 inch and *1/8 inch reinforcenment

Longi t udi nal pl acenent for the centroid of a group

Rei nf or cement

Location of Spiral +25 percent of clear spacing required with
Rei nf or cenment total reinforcement placenent required

quantity per 3 feet of pole | ength maintained.

Location of Group of | %2.0 inches
Bolt Holes from Top
of Pol e

Locati on of Bolt +1/8 inch
Holes Wthin a G oup
of Bolt Hol es

Locati on of +1.0 inch
Centerline Between
Groups of Bolt Hol es

Bolt Hol e Di aneter +1/16 inch of specified dianeter

Bolt Hol e Alignnent Not to vary fromthe | ongitudinal pole
centerline of that group of holes by nore than
1/8 inch

Locati on of +2.0 inch

Identification Plate

4.5 Gounding:

4.5.1 An external pole ground wre shall be used. Threaded
inserts for attaching ground wire clips that hold the external
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ground wire shall be sized and positioned per the attached
dr awi ngs.

4.5.2 Except for bonding of the steel tendons, there shall be no
internal pole grounds. A mninmum of one |ongitudinal steel
strand shall be bonded electrically to a threaded bronze insert
at the top and bottom of the pole. Each bond shall be | ocated
within the top 2 feet of the pole top and at 4 feet above
groundline (See Attachnent A). For spliced poles an additional
bond shall be provi ded above and below the splice to a threaded
bronze insert within 24 inches of the splice. Steel splice
sections shall have the appropriate nunber of grounding
attachnments. This bonding system shall be noncorrosive and shal
be approved by the owner.

4.5.3 |If required by the owner, manufacturer shall provide
ground wire clanps for all ground wire attachnents.

4.6 i nbing Devices:

4.6.1 dips for renovabl e | adders shall begin not closer than 3
feet above ground for a direct enbedded pole and extend to the
top of the pole. Each |adder clip shall be designed to support a
m ni mum 1, 000 | b. shear working |oad. Ladder clips shall be

| ocated to avoid interference between | adders and ot her
attachnent s.

4.6.2 Renovable step bolts shall be provided with spacing as

i ndi cated beginning 8 feet above groundline and extending to the
structure top. Each step lug and step bolt shall be capabl e of
withstanding a mnimumof a 500 I'b. working | oad. Step bolt
mounting nuts shall be spaced at 1 foot 6 inch intervals and
oriented to provide maxi num ease of clinbing.

4.7 |Inserts:

4.7.1 Inserts shall be nade of materials which will not

deteriorate in the environnent in which they are pl aced. The
insert shall be nade of materials that will not react unfavorably
with the concrete or fasteners. The insert shall not be made of

materials that will corrode and stain the concrete.

4.7.2 Inserts shall not fail before the pole reaches ultimate
strength, unless permtted by the owner.

4.8 Cover:

4.8.1 There shall be a mninmumof 3/4 inch of clear concrete
cover over all longitudinal reinforcenment and all spiral
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reinforcenment as a result of the concrete spinning process.
Pol es not neeting this requirement shall be rejected except as
al | oned by Section 4.8. 2.

4.8.2 There shall be a m ninum specified wall thickness of 2.5
i nches of spun concrete at all points along the pole.

4.8.2.1 An actual wall thickness of less than 2.5 inches of spun
concrete may be allowed fromthe pole tip to 3 feet bel ow the
pole tip provided the cover requirenments of Section 4.8.1 are net
in the spinning process and provided the pole can neet all other
requi renents of the specifications.

4.8.2.2 The owner shall, as soon as possible, be notified of any
poles wwth I ess than 3/4 inch of spun concrete inside cover
within 3 feet of the pole tip. At the owner's sole discretion,
the owner may reject the pole or may allow the pole to be
repaired by swabbing the interior with an epoxy liner (per ASTM
C881 - Type V, Cass B or C and plugging with 3,000 psi.
concrete to the owner's satisfaction to a distance of 42 inches
fromthe tip. No pole shall be plugged or considered for
acceptance by the owner unless assurance is made by the

manuf acturer that the repaired pole can neet all requirenents of
this specification.

4.9 Splices:

4.9.1 Flange-bolted or slip-joint type of splices are permtted.
When required, flange-bolted type splice shall be used at guyed
structures.

4.9.2 The reinforcing steel and connection apparatus conpri sing
the splice shall be properly anchored as part of the pole. The
pol e shall be designed to fail before the splice fails by

yi el ding of the splice steel.

4.9.3 The axis of the pole shall not be distorted after the pole
is mated. Shinms shall not be used to straighten the pol e unless

approved by the owner. The owner reserves the right to reject a

pol e based on the inproper nmating of a pole splice.

4. 10 Appurtenances:

4.10.1 Appurtenance material shall be supplied by the owner. The
owner shall al so provide the manufacturer of the connectors

and/ or nenbers with the locations, orientations, sizes, types,
and strength capacities of the appurtenances.

4.10.2 The concrete pole manufacturer is responsible for the
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proper design coordination and fit up of all appurtenance
connections and nenbers to the pole(s). Mnufacturer shal
notify owner if any appurtenance material supplied by owner wll
not result in properly designed structure.

4.11 Finishing:

4.11.1 The surface of the pole shall have a snmooth finish with
no unseal ed cracks. Cracks shall be sealed either by use of an
epoxy injection systemfollow ng the epoxy manufacturer's
specifications, or by V-notching the crack on a 1:1 slope to a

m ni mum depth of 1/4 inch, then filling the V-notch wth an epoxy
seal per ASTM C881 Type |IV. Covering the crack with an epoxy
coating is not allowed.

4.11.2 Small cavities caused by air bubbles, honeyconb spots, or
other small voids, shall be cleaned thoroughly, saturated with
wat er and then carefully pointed with a cenent nortar. A small
cavity is defined as one not larger than 1/2 inch in dianeter or
deeper than 1/4 inch.

4.11.3 |If any cavities or voids absorb water which indicate the
void extends into wall of the pole, then the pole shall be
rej ect ed.

4.11.4 The manufacturer shall seal both ends of the pole and
protect the steel strands from corrosion using a suitable epoxy.
The system used shall be approved by the owner.

4.11.5 The center void at the top end of the pole shall be
sealed with a minimum 6 inch thick 1000 psi strength concrete
plug and the pole tip capped. The pole tip cap shall be a
sui t abl e epoxy-aggregate nortar securely bonded to the pole, or
shall be a netal or polyner cap securely held in place with set
screws. Sharp edges shall be tooled to form snooth, chanfered
corners. The manufacturer shall assure that the capping nethod
will prevent weather intrusion into the pole and prevent pole tip
deterioration.

4.11.6 The center void at the bottomend of the pole shall be
sealed with a mnimum 12 inch thick 1000 psi strength concrete
pl ug. The plug shall be securely bonded to the pole and shall be
tooled to forma snooth, uniform bearing surface. A PVC forned
hol e shall be provided in the center of the plug to allow for

dr ai nage.

4.11.7 Were application of epoxy-aggregate nortar is specified,
the surface of the pole where the nortar is to be applied shal
first be coated with the epoxy coating. This coating shall be
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allowed to cure to a tacky, but not hardened state, before the
nortar is applied. After the nortar has been applied and all owed
to cure for 24 hours, a top coat of epoxy coating, 5 ml thick,
shal | be applied over the nortar and the surroundi ng area of the
pol e.

4.12 Marking:

4.12.1 Each pole shall be identified wwth the manufacturer's
identification plate. The follow ng information shall be stanped
into the plate with letters not less than 1/4 inch in height:

Manuf acturer's nane

Day, nonth, and year of nanufacture

Structure nunber

Length and cl ass of pole

Utimte nonment capacity at groundline

Pol e fram ng designation (per fram ng guide) or pole type
Omner's nane

4.12.2 The manufacturer's identification plate shall be
fabricated froma noncorrosive, nonstaining netal such as bronze,
brass, Series 300 stainless steel, or an alum numalloy that wll
not react unfavorably with concrete. The plate shall have

sui tabl e anchor or anchors welded to the back of the plate to
permt bonding to the pole.

4.12.3 The identification infornmation |isted above may be cast
into the surface of each pole. These marks shall be at |east 3/4
inch in height and 1/8 inch deep.

4.12.4 The identification plate or cast in-place nmarkings shal
be located on an in-line face of the pole in the direction of the
transm ssion line. The bottomof the identification plate or

| ast line of the cast in-place markings shall be located five
feet above the defined groundline.

4.12.5 Each pole shall be marked with the information |listed
bel ow. A permanent marker shall be used and the witing shall be
smal |l but legible. For spliced poles, each section shall be
mar ked as bel ow
a. Support points;

b. Two-point pickup |ocation for handling the pole in the
hori zontal position;

c. One-point pickup location for use in raising the pole to
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a vertical position and handling during the setting
oper ati on;

d. Pole length and cl ass, fabrication nunber, structure
nunber, and pole fram ng gui de nunber on the butt of the
pol e; and

e. Cant hole locations, if required by owner.

5. | NSPECTI ON AND TESTI NG

5.1 Ceneral:

5.1.1 Manufacturing and testing procedures shall be in
conpliance with applicable codes and standards |listed in Section
3 in this specification.

5.1.2 Upon request, the manufacturer shall furnish the owner
with certified test reports for the steel and concrete used.

5.2 Inspection:

5.2.1 The manufacturer shall make adequate tests and i nspections
to determ ne that each of the poles furnished is in strict
accordance wth this specification. At the request of the owner,
t he manufacturer shall submt a quality assurance report to the
owner prior to the shipnent of each pole and shall include the
foll ow ng m ni mum i nf ormati on:

Fabri cati on nunber and owner's structure nunber;

M ni mum and maxi mumtip wall thicknesses and steel
coverages (to inside and outside) neasurenents shall be
made at 3 inches fromthe tip;

M ni mum and nmaxi mum butt wall thicknesses and steel
coverages (to inside and outside) neasurenents shall be
made at 3 inches from butt;

Condition of pole interior and evidence of exposed rings
or reinforcenent steel;

Proper hole and insert |ocations and sizes;

Evi dence of cracking during or after two-point handling;
Actual manufactured pol e weight;

Report of any repairs nmade to the pole;

Dat e of manufacture and inspection(s); and

| nspector's seal

5.2.2 Al material and workmanship shall be subject to
i nspection, exam nation, and test for conformance to the
requi renents of this specification by the owner. The inspection,
exam nation, or testing could be done at any tine during materi al
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procurenent, manufacturing, storage periods, transit, or at the
pol e destination. |nspection, exam nations, and tests may be
wai ved by the owner, but in no case shall this be interpreted as
rel easing the manufacturer fromthe manufacturer's
responsibilities for delivering poles that neet the requirenments
of this specification.

5.2.3 The owner shall have free entry, at all tines, while work
is being carried on, to all parts of the manufacturer's plant
where manufacture of the owner's poles is being perfornmed. The
manuf acturer shall afford the owner reasonable facilities,

w t hout charge, to satisfy the owner that the poles are being
manufactured in strict accordance with this specification.

5.2.4 The manufacturer shall furnish certified test reports to
t he owner, upon request, showing the results of all of the tests
required by this specification and applicable reference

speci fications.

5.2.5 Tests shall be in accordance with all applicable standard
speci fications and codes.

5.2.6 Failure of the manufacturer to conply with these
specifications wll be sufficient reason for rejection of any or
all poles which do not conply with these specifications.

5.3 Concrete and Aggregate Testing:

5.3.1 Concrete used on owners' poles shall have the quality to
nmeet the design strength and other requirenents included in this
speci fication.

5.3.2 For manufacturers that batch their own concrete, the
manuf acturer shall take a mninmum of 8 concrete test cylinders
per representative sanple. Sanples shall be taken at m ni num
intervals of one per day, one per 25 cubic yards of concrete
bat ched, and with each change in raw material supplier for

bat ches used to nake the owner's poles. The test cylinders for
each day's concrete that is batched shall be tested for
conpressive strength as foll ows:

M ni mum of one for determ ning rel ease strength;
M ni mum of one at 7 days;

M ni mum of one at 14 days; and

M ni mum of one at 28 days.

enop

5.3.3 For manufacturers that acquire concrete from outside
sources, test cylinders shall be taken from each truck | oad of
concrete and tested in accordance with this specification.
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5.3.4 Test cylinders shall be prepared, then cured in the sane
curing environnent as the pole itself or cured per the applicable
ASTM speci ficati on.

5.3.5 Upon request fromthe owner, the nmanufacturer shal
provi de owner statistical data on concrete strength quality in
accordance to applicable ACI and ASTM specifications. A
correlation factor between rodded cylinders and the spun
concrete, substantiated by test data, shall be provided.

5.4 Structure Testing:

5.4.1 Details of all test procedures contained herein and

met hods of neasuring and recordi ng test | oads and defl ections
shal |l be specified by the manufacturer and approved by the owner
prior to manufacture.

5.4.2 Material procurenent for test poles shall be identical to
mat eri al procurenent procedures for regular production run poles.

5.4.3 The design |load testing of any specific pole shall be on a
full-scale basis. Costs for such testing shall be the
responsibility of the owner, shall be separated fromthe

manuf acturer's bid, and shall be negotiated in advance of any
test preparation.

5.4.4 The nunber, |ocation, direction, holding tine, sequence,
and increnments of the test | oads along with the nunber, |ocation,
and direction of deflection readings for an individual pole test
shal | be approved by the owner prior to pole testing.

5.4.5 The nethod of attaching the test |oads to the pole,
applying the test |oads, neasuring and recording the test | oads,
and neasuring and recording the deflections shall be approved by
the owner prior to pole testing.

5.4.6 A full report listing results shall be submtted to the
owner after conpletion of all testing. Copies of mll test
reports shall be included in the |oad test report. The report
shall also include a conplete description of the load tests with
di agrans and phot ographs. |If required, the manufacturer shal
provide the owner with the foll ow ng testing data:

a. Location of testing;

b. Method of full scale testing: upright or horizontal; and

c. The pole tester shall issue the owner three (3) copies
of the Pole Test Report. This report shall include
descriptions, tools, and draw ngs describing the above
test.
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5.4.7 Use of any factory tested poles to neet order requirenments
shal |l be determ ned by the owner

6. SHI PPI NG AND DELI VERY

6.1 Shi pping:

6.1.1 Each shipnent shall be acconpanied by a list of all parts,
identifiable by structure type and nunber. Bolts and

m scel | aneous hardware shall be identified by the list for match
up with the respective pole shaft. Al parts required for any
one structure shall be in one shipnent, unless otherw se agreed
to by the owner.

6.1.2 The owner and owner's representative shall be notified
prior to shipment that such shipnment is to take place, and the
owner reserves the right to postpone a shipnent. The owner has
the right to inspect the conponents prior to shipnment. The
notification of a shipnment shall give quantities, weight, nane of
common carrier used, and expected tine of arrival.

6.1.3 Poles shall be lifted and supported during manufacturing,
stockpiling, and transporting only at the lifting or support
points, or both, as designed by the manufacturer.

6.1.4 Transportation and site handling shall be perfornmed with
accept abl e equi pnent and nethods by qualified personnel. The
manuf act urer shall exercise precaution to protect poles agai nst
damage in transit.

6.1.5 Poles shall be sufficiently cured before shipnent to
resist forces from handling, transportation, and construction.

6.1.6 Handling instructions shall be included with the pole
shi prent .

6.2 Delivery:

The owner (or the owner's construction contractor) my take
delivery at a designated |ocation or with the delivering
carrier's cooperation and consent, have the poles transported to
the installation |ocations with the carrier's equipnment. The
manuf acturer shall coordi nate and cooperate with the owner to
ensure snooth and efficient delivery of poles. The owner wll
provide all |abor, equipnment, and materials for the unl oadi ng of
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poles at the project site. A pole is considered delivered when
the pole is lifted fromthe trailer or semtrailer of the
delivery carrier by the owner.

7. DRAW NGS AND | NFORVATI ON TO BE SUPPLI ED BY THE MANUFACTURER

7.1 Information to be Supplied with the Proposal:

a. Calculated weight of each concrete pole.

b. For each standard class pole, provide section and
strength properties, and the ultimate, cracking and zero
tension strengths at maxi mumfive foot intervals al ong
the pole to denonstrate conformance with the
requi renents of Sections 4.1.2, 4.1.5, and 4.1.6.

c. For each standard cl ass pole, provide pole deflection
cal cul ations at maxi mumfive foot intervals along the
pol e using the specified tip loading in order to
denonstrate conformance wth the requirenments of
Sections 4.1.3 and 4.1. 4.

d. Pole dianeter at top, bottom and groundline.

e. Tip and butt wall thickness.

f. Prestress strand - quantity, size and dropout | ocation.

g. Design strength of concrete (28 day conpressive
strength).

h. D aneter taper in/ft.

7.2 Information and Drawi ngs to be Supplied for Owmer’s Approval
Prior to Fabrication:

7.2.1 After the manufacturer's proposal has been accepted, the
manuf acturer shall submt to the owner two prints of each
fabrication drawing. One set of these drawings will be returned
to the manufacturer wth indication of review corrections. Were
a correction is required, two sets of revised prints shall be
resubmtted to the owner. These prints shall be marked "Revi sed"
and dat ed.

7.2.2 Final fabrication draw ngs for each different fram ng
pattern and pol e cal culations for each | oad case shall be
submtted to and approved by the owner before rel ease of order
for manuf acture.
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7.2.3 Al design and detail draw ngs shall be reviewed and
approved by the owner before pol e manufacture.

7.2.4 Information to be Provided on Drawi ngs: The manufacturer
shal | be responsible for the correctness of dinensions and
details on the drawings. The review of such draw ngs by the
owner shall not relieve the manufacturer of this responsibility.
Drawing titles shall clearly indicate the ower's nanme and pol e-
type identification. Each detail draw ng shall include the
foll ow ng m ni mum i nf ormati on:
a. Conplete dinensional information;
b. Description and location of all steel reinforcenents,
and, if dropout systemis used, the |location of each
steel cabl e dropout;

c. Twenty-eight day strength of concrete and strength of
concrete at tine of rel ease of pretensioning strands;

d. Steel strand prestress | oads;

e. Size, description, quantity, and location of all holes
and hardware that is a part of the pole;

f. Wight and location of the center of gravity of the
pol e;

g. Location of pickup points and storage points. Both
pi ckup | ocations and recomended storage |ocations shall
be shown;

h. Location of clinbing devices and grounding inserts;

i. Pole identification plate |ocation and details;

J. Location of groundline;

k. The ultimate nmonent and cracki ng nonent capacities at
t he groundline; and

. Any other special information deened necessary by the
manuf act urer and owner.

8. APPROVALS, ACCEPTANCE, AND OANERSHI P

8.1 Final designs nust be approved by the owner before materi al
ordering. WMaterial ordering and fabrication prior to approval of
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the owner will be at the manufacturer's risk. Award of the
contract to the manufacturer does not constitute acceptance of
design cal cul ations submtted with the bid. |If corrections are
required in the final pole designs due to manufacturer's errors,
om ssions, or msinterpretations of the specifications, the
quoted price shall not change. Approval of the draw ngs and

cal cul ations by the owner does not relieve the manufacturer of
responsibility for the adequacy of the design, correctness of

di mensi ons, details on the drawi ngs, or the proper fit of parts.

8.2 Upon delivery, poles shall be free of defects and bl em shes
whi ch woul d have a detrinental effect on the structure capacity
and/ or |l ongevity of the pole. They also shall be snooth,
attractive, unscarred and in new condition. Poles not neeting

t hese requirenents shall be repaired or replaced by the

manuf acturer at no additional cost to the owner.

8.3 Poles failing to neet strength requirenents, poles with
circunferential or |ongitudinal cracks, poles failing to neet
manuf acturing tol erances or cover requirenments, poles with
exposed steel, poles with cavities that absorb water, and spliced
poles that do not fit together properly or are distorted after
mating shall be rejected by the owner and replaced by the

manuf acturer at no cost to the owner.

8.4 If the delivered weight of a pole will exceed the cal cul ated
wei ght by 5 percent, the manufacturer shall notify the owner of
the actual weight before pole delivery. Any pole whose delivered
wei ght exceeds or is below 10 percent of its cal cul ated wei ght
may be rejected by the owner.

8.5 Al final draw ngs shall becone the property of the owner,
who shall have full rights to reproduce and use them but shal
not share themw th other concrete pole suppliers.

9. LIST OF ATTACHVENTS

(Attachnments A and B to be co}pleted by the engi neer.
Attachnent C to be conpleted by the nmanufacturer.)

Attachnment A, Pole Fram ng Draw ngs
Attachment B, Application Requirenents

Attachnment C, Bid Summary
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ATTACHVENT A

DRAW NGS
(Drawi ngs to be added by owner)
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ATTACHVENT B
Appl i cati on Requirenents

For appurtenance material supplied by the owner, owner shal
provi de manufacturer, connector and/or nenber |ocations,
orientations, sizes, types, and strength capacities with this
Attachnment .

1. dinbing device desired by owner

2. Delivery schedul e

3. Free on board destination (F. QO B.)

4. Additional requirenents (bel ow
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ATTACHMENT C

DESIGN INFORMATION

STRUCTURE DESIGNATION

POLE LENGTH

BOTTOM DIAMETER

GROUNDLINE DIAMETER

TOP DIAMETER

WALL THICKNESS -BUTT

WALL THICKNESS - TIP

TOP PRESTRESSING STEEL
NUMBER OF STRANDS
SIZE OF STRANDS

BOTTOM PRESTRESSING STEEL
NUMBER OF STRANDS
SIZE OF STRAND

DROP LOC. OF STRANDS (FROM BUTT)

POLE TOP DEFLECTION @ FULL TIP LOAD

POLE TOP DEFLECTION @ 40% TIP LOAD

28 DAY COMPRESSIVE STRENGTH

DIAMETER TAPER ( IN/FT)

DESIGN LOADS

MAX. REACTIONS AT GROUNDLINE

MOMENT

SHEAR

AXIAL

MAX. REACTIONS AT POINT OF FIXITY

MOMENT

SHEAR

AXIAL

SUMMARY

WEIGHT OF POLE

TOTAL COST PER POLE

NUMBER OF POLES

TOTAL COSTS

COMMENTS

TRANSMISSION LINE POLES

Attach sheets to provide information
required every five foot interval.
See sections 7.1.b and 7.1.c.

of the specifications.

BID SUMMARY - DESIGN INFORMATION, WEIGHTS, AND

ATTACHMENT C

PRICE INFORMATION

(INFORMATION TO BE SUPPLIED
WITH THE PROPOSAL)
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APPENDIX A
COMMENTARY

A. Ceneral

The necessity of a clear bid specification for the purchase of
standard cl ass concrete poles is very inportant to the bid

eval uation process and the acquisition of structurally adequate
pol es. The specification should contain sufficient requirenments
and information so that all bids can be evaluated equally and so
that the manufacturer clearly understands what is expected of the
manuf act urer.

Scope

While this standard cl ass concrete pole specification does not
prohi bit the application to poles which are guyed, which are
subj ected to unbal anced | ateral |oads, or which have defl ection
or other special limtations, the ower nust be prudent in this
type of application.

It is recognized that, with the proper understandi ng and usage of
sonme conputerized structural analysis and transm ssion line
design prograns, it is possible to select a standard cl ass
concrete pole which mght otherw se be beyond the scope of this
specification. The owner nust be sure that conbined bendi ng and
buckling analysis is performed, that cracking strength and zero
tension strength is evaluated, and that deflections are properly
nodel ed.

The owner shoul d recogni ze when the design of a concrete pole may
be nore prudently acconplished using the Guide Specification for
Spun, Prestressed Concrete Pole and Concrete Pole Structures, RUS
Bul l etin 1724E- 206, which requires the actual |oading conditions
to be specified. In using Bulletin 1724E-206, the manufacturer
assunes full responsibility in designing and manufacturing a
structurally adequate pole.

St andard C ass Pol e

In some cases, utilities prefer to specify certain spun concrete
pol es to be designed according to a standardi zed | oadi ng
criteria, much like the standard classifications for wood pol es.

In utilizing standard cl ass spun concrete poles, a conplete
structural analysis is still required for all structures. A
appropriate loading criteria are considered in the analysis. Once
the required concrete pole strength is determ ned, a standard

cl ass spun concrete pole which neets the actual | oading
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conditions can be selected. A design exanple is shown in
Appendi x C.

This specification was devel oped to establish a standard
classification systemand to assist the owner in procuring a
standard cl ass concrete pole which is properly designed for the
i ntended | oading criteria.

This gui de specification attenpts to elimnate anbiguity in

speci fying and purchasi ng standard cl ass concrete poles. Since it
has becone a w despread practice in the industry to design and
manuf act ure pol es which are based on the wood pole classification
system of the American National Standards Institute (ANSI 05.1),
the concrete pole classifications developed in this specification
generally follow the wood pol e classification system However, to
avoi d confusion with the wood pole classifications, the concrete
pol e classifications have a uni que nam ng system

Wbod Pol e Equi val ency

In sone cases, the owner may design a transm ssion |ine based on
wood pol e classifications as described in ANSI 05.1, Wod Pol e
Specifications and D nensions, and then wish to order concrete
pol es which neet the wood pol e equival ent | oadi ngs. Because of
the differences in overload factors applied to wood poles in
conparison to concrete poles, the owner nust be sure that the
overload factors are properly accounted for in the design of the
concrete poles.

“Wod pole equivalent” is a termthat may be defined in a nunber
of ways. For purposes of this comentary, the term “wood pole
equi valent” is defined as a standard cl ass prestressed concrete
pole which is equated by required ultimate | oading to an ANSI
05.1 standard class wood pole. The equation is made by a ratio of
the overload factors applicable for each pole type and | oadi ng
criteria.

The design and purchase of concrete poles as an equivalent to
wood pol es can be vague even with clear instructions. As such,

t he owner should be sure that the equivalency is properly

determ ned. Once the equivalency is determ ned, the owner should
specify the standard cl ass concrete pole based on the
classifications detailed in Section 4.1.2. In doing this, the
manuf acturer will not be involved in the equival ency process and
the anbi guity shoul d be elim nated.

The wood pol e equi val ency is based on the required ultimte
nmonment capacity of the pole at the groundline based on enbednent
dept hs shown in ANSI 05.1. In obtaining a suitable equival ency,
t he owner nust consider factors other than the equival ent
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groundl i ne nonent. For exanple, the differences in material and
section properties of the wood pole versus the concrete pole wll
result in differences in buckling analysis, pole deflections,
secondary nonents, applied wind forces, and so forth.

It is inpossible to conpletely equate the concrete pole and wood
pole at all points along the pole. The owner mnmust be certain that
the concrete pole selected by equival ency nethods will have a
strength sufficient for the actual application.

Equi val ency Factor (Eg.F)

The equi val ency factor (Eg.F) is defined as the ratio of the
concrete pole overload factor to the wood pol e overl oad factor
for a given | oading condition.

For exanple, for NESC Grade B district wind | oading, the concrete
pol e overload factor is 2.5 and the wood pole overload factor is
4.0. Thus, the equivalency factor will be 2.5/4.0 = 0.625.

The equi val ency factor is a useful concept to understand as the
owner requires a wood pol e equival ent under various | oadi ng
conditions and overl oad factors. Several exanples of
equi val encies are listed in the follow ng sections.

Wbod Pol e Equi valency - 2.5:4 Ratio (0.625 Eq.F)

For the NESC Grade B district |oadings, the NESC allows for an
overload factor of 2.5 to be applied to a transverse wind | oad on
a concrete pole while it requires an overload factor of 4.0 to be
applied to a transverse wnd |oad on a wood pole. As such, the
ultimate strength requirenent for the concrete pole wll be |ess
than the ultimte strength of the wood pole for the district wnd
| oadi ng conditions.

For exanple, the owner designs a transm ssion |line for wood pol es
based on NESC district wind | oading conditions. The owner w shes
to purchase a concrete pole which is equivalent to a Cass 1 wod
pol e. Based on ANSI 05.1, the Cass 1 wood pole groundline
strength is derived by applying a horizontal ultimte |oad of
4,500 pounds at 2' fromthe pole tip based on a sinple
cantilever. Since the owner had classed the wood pol e based on an
NESC overl| oad factor of 4.0, the owner wi shes to select a
concrete pole neeting the sane NESC district w nd | oadi ng
conditions. To do this, the owner will nmultiply the required tip
| oadi ng of 4,500 pounds by 2.5/4.0, which equals 2,812 pounds.
The 2.5/4.0 ratio (or 0.625 Eg.F) adjusts for the difference

bet ween wood and concrete overload factors for NESC district

| oads. The owner will then select a standard cl ass concrete pole
whi ch has an ultimate nonent capacity based on the horizontal tip
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| oadi ng of at |east 2,812 pounds. From Section 4.1.2, the owner
selects a class C-02.8 pole, which has a tip |oading of 2,825
pounds.

Based on the nethod shown in this exanple, Table A-1 (at the end
of this section) is a tabulation of wood pol e equival enci es based
on the NESC Grade B district w nd | oadi ng.

Whod Pol e Equivalency - 1.1:1.5 Ratio (0.733 Eq. F)

For the NESC Grade B extrene wi nd | oadings, this specification
requi res an overload factor of 1.1 to be applied to a transverse
extrenme wind | oad on a concrete pole. RUS recommends an overl oad
factor of 1.5 to be applied to a transverse extrenme wind | oad on
a wood pole. As such, the ultimate strength requirenent for the
concrete pole will be less than the ultimate strength of the wood
pole for the NESC extrenme w nd | oadi ng conditions.

For exanple, the owner designs a transmssion |ine for wood poles
based on NESC extrenme wi nd | oadi ng conditions. The owner w shes
to purchase a concrete pole which is equivalent to a Cass 1 wod
pol e. Based on ANSI 05.1, the Cass 1 wood pol e groundline
strength is derived by applying a horizontal ultinmate |oad of
4,500 pounds at 2' fromthe pole tip based on a sinple
cantilever. Since the owner had classed the wood pol e based on an
NESC extreme wi nd overload factor of 1.5, the owner w shes to

sel ect a concrete pole neeting the sane extrene w nd | oadi ng
conditions. To do this, the owner will nmultiply the required tip
| oadi ng of 4,500 pounds by 1.1/1.5, which equals 3,300 pounds.
The 1.1/1.5 ratio (or 0.733 Eg.F) adjusts for the difference

bet ween wood and concrete extrene wi nd overload factors. The
owner will then select a standard class concrete pole which has
an ultimate nonent capacity based on the horizontal tip |oading
of at least 3,300 pounds. From Section 4.1.2, the owner selects a
class C-03.4 pole, which has a tip |oading of 3,375 pounds.

Based on the nethod shown in this exanple, Table A-2 at the end
of this section is a tabulation of wood pol e equi val enci es based
on the NESC Grade B extrene w nd | oadi ng.

Whod Pol e Equivalency - 1:1 Ratio (1.0 Eq.F)

Cccasionally, the owner may wi sh to order a concrete pole which
has the sane ultimate strength as a specified wood pol e cl ass.
One common application of this is when the owner designs a
transm ssion |line using wood pole properties, but utilizing
concrete pole overload factors. In this case, the owner has
accounted for the difference in wood versus concrete overl oad
factors during the design of the project.
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For exanple, the owner designs a transm ssion |ine for wood poles
based on NESC district wind | oading conditions. However, know ng
that concrete poles wll be utilized, the owner uses the NESC
district wwnd |oad overload factor of 2.5 (applicable to concrete
poles) in the cal culations. The owner selects a wood pole Cass 1
at a specific location. Thus, the owner w shes to purchase a
concrete pole which is equivalent in ultimte strength to a C ass
1 wood pol e. Based on ANSI 05.1, the O ass 1 wood pol e groundline
strength is derived by applying a horizontal ultimte |oad of
4,500 pounds at 2' fromthe pole tip based on a sinple
cantilever. Therefore, the owner will require a concrete pole
with an ultinmte nonment capacity based on the sane 4,500 pound
tip loading. From Section 4.1.2, the ower selects a Cass C04.7
concrete pole, which has a tip | oading of 4,700 pounds.

Based on the nethod shown in the this exanple, Table A-3 at the
end of this section is a tabulation of wood pol e equi val enci es
based on the ultimate-to-ultimte strength conparison, or 1.0
equi val ency factor.

O her Wod Pol e Equi val enci es

Usi ng the wood pol e equi val ency net hods descri bed, the owner can
devel op equi val ency tables for other ratios of wood versus
concrete overload factors.

For exanple, the design of a heavy angle or deadend transm ssion
line structure may be predom nantly controlled by the conductor
tension rather than wind on the wire. The NESC specifies an
overload factor of 1.65 to be applied to concrete pole wre

tensi ons and an overload factor of 2.0 to be applied to wood pole
wire tensions. The resulting equivalency ratio would be 1.65/2.0,
or an equival ency factor of 0.825. Froma review of the tables at
the end of this section, Table A-2 has an equival ency factor of
0.733 while Table A-3 has an equi val ency factor of 1.0. Rather

t han devel opi ng a new equi val ency table for this special
application, the owner mght prefer to select a concrete pole
equi val ency based on the Table A-3 which has an equival ency
factor greater than the required factor of 0.825.

Concl usi ons concerni ng wood pol e equi val enci es — The desi gner may
avoi d the confusing concept of wood pol e equival ency by using the
procedure bel ow to select the standard class pole from Table 2:

Cal cul ate the induced design nonent in the pole from applied
| oads with overload factors.

Determ ne the equivalent tip load for this nonent.

Select the pole fromthe standard class pole from Table 2 of
t he Specifications
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TABLE A-1
WOOD POLE EQUI VALENCY
BASED ON 2. 5:4 RATIO
(0. 625 Equi val ency Factor)
(NESC Grade B District Wnd Loadi ng)
(Equi val enci es based on approxi nate groundline strength)

Desi gn Sel ect

Wod Pol e d ass Concrete Pole d ass
Based on 4.0 OCF Based on 2.5 OCF

H6 ||l» C07.

H5 C- 06.

H4 C- 05.

H3 C- 04.

H2

H1 G 03.

1 G 02.

2 G 02.

1
2
4
7
C04.0
4
8
3
9

3 G- 01.

TABLE A-2
WOOD POLE EQUI VALENCY
BASED ON 1.1:1.5 RATIO
(0. 733 Equi val ency Factor)
(NESC Grade B Extrenme Wnd Loadi ng)
(Equi val enci es based on approxi nate groundline strength)

Desi gn Sel ect

Wod Pol e d ass Concrete Pole d ass
Based on 1.5 OCF Based on 1.1 OCF

o I )

H5 C- 08.

H4 C- 07.

H3 C- 05.

H2

H1 G 04.

1 G 03.

2 G 02.

0
0
1
4
C04.7
0
4
8
3

3 G 02.
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TABLE A-3
WOOD POLE EQUI VALENCY
BASED ON 1:1 RATIO
(1.0 Equi val ency Factor)
(Utimate-to-Utinmte Conparison)
(Equi val enci es based on approxi nate groundline strength)

Desi gn Sel ect
Wod Pol e d ass Concrete Pole O ass
" > c12.0
H5 C-10.0
H4 C-09.0
H3 C-08.0
H2 C07.1
H1 C-05.4
1 C04.7
2 C04.0
3 C-03.4

B. Section 4. Design

Loads (Section 4.1)

The primary | oads for concrete poles are weather and erection

| oads. Common handling | oads are determ ned by the manufacturer
and included in the manufacturer’s design. Wather, construction
and mai nt enance | oads need to be determ ned by the owner in order
to select the proper standard class pole.

Overload factors for NESC |light, nmedium and heavy | oadi ng
districts should be at |east equal to those given in the
applicable edition of NESC for Grade B construction. Overl oad
factors for extrene ice and extrenme wind should be at least 1.1

In addition to using the NESC district |oading requirenents, the
ASCE publication, “QGuidelines for Transm ssion Line Structure
Loadi ng” can be used to provide owners with procedures for the
sel ection of design |oads and |oad factors related to climate,
accidents, construction and mai nt enance.

Once the design | oadi ngs have been determ ned, a design of the
structure should be perforned by the owner’s engi neer or
structural designer. It is recommended that a nonlinear
structural analysis conmputer programbe utilized to consider the
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| oadi ngs, secondary nonents (p-delta effect), and effects of
foundation rotations and deflections. As a m nimum an

approxi mate nethod for determning the ultimte nmonent capacity
shoul d be utilized, such as the nethods given in RUS Bulletin
1724E- 200, Design Manual for H gh Voltage Transm ssion Lines.
Once the structural analysis has been conpleted, the owner’s
engi neer or structural designer may select a standard cl ass
concrete pole, which has the ultimte nonment capacity greater

t han the design | oading requirenents. Consideration should be
given for strength requirenents at all points along the pole, not
just at the groundline.

P- Del t a Moment

Prior to selecting a standard cl ass concrete pole, the owner
shoul d determ ne the effect of the secondary nonents due to the
vertical |oadings, including the effect of the pole weight,
during the transm ssion |ine design process.

Whenever there is a transverse or |ongitudinal |oad, the pole
wll deflect in the direction of the load. As a result, the
vertical load is no longer inits original position. The
vertical | oad noves over as the pole deflects, causing additional
moments in the pole. Al so, the pole weight can place significant
secondary nonent | oads in the pole. The additional stress caused
by this secondary nonment is dependent on the magni tude of the
vertical |oad and defl ected shape of the pole. Many pole
designs, particularly tall poles, have to be calculated for the
position of equilibriumof forces in the fully displaced
position. The solution typically takes many iterations. A ful
nonl i near analysis wll consider the change in orientation of the
| oads relative to the displaced positions of the structural
menbers.

As a mninmum an approximate nmethod for determ ning the effect of
t he secondary nonents should be utilized, such as the nethod
given in the RUS Bulletin 1724E-200.

Pole Tip Strength (Section 4.1.2)

This specification sets mninmumulti mate nonent capacity

requi renents near the pole tip for each standard pol e
classification. The simlar ANSI 05.1 requirenent is generally
over | ooked, m sunderstood or not considered by manufacturers and
ot hers who seek to standardi ze pol e sizes based on the wood pol e
classification.

Upon a careful study of the ANSI 05.1 wood pol e specification,
one shoul d understand that the horizontal |oading applied at 2
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fromthe pole tip is for the purpose of determ ning a required
groundline ultimte nonment capacity for any length pole of the
gi ven class. However, the mninmumrequired wood pole tip size is
specified apart fromthe horizontal |oading requirenent

For exanple, according to ANSI 5.1, a Cass 1 wood pol e nust
have a circunference of 27" at the tip. Wen applied to the
Douglas Fir or Southern Yellow Pine poles with a fiber stress of
8,000 psi, the resulting tip strength is calculated as 41.5 ft-
kips for the Cass 1 wood pol e.

Because the conductors and shield wre supports are typically

| ocated on crossarns away fromthe pole axis, significant nonents
can be generated in the pole near the tip. The nonents are
greatly increased whenever a braced pole top assenbly is
utilized. These nonents are not accounted for by applying the
hori zontal ultimate | oading al one. Therefore, in the design of
transm ssion poles, it is critical that a mninmumulti mate nonent
capacity be specified near the pole tip. In the absence of a
mnimumtip strength requirenment, a concrete pole tip strength
can theoretically be negligible.

The mninmumpole tip strength required by this specification
shoul d be suitable for nost transm ssion |ine applications.
However, the owner nust be sure that the tip strength is properly
eval uat ed, especially when working with wood pol e equi val enci es
and braced structures.

Point of Fixity (Section 4.1.2)

Point of fixity for this specification is defined as the |ocation
on the pol e where maxi mum nonent occurs. Maxi num nonent is

cal cul ated by the pol e designer using the |oadings provided by
the owner and nultiplying those | oadings by the appropriate
moment arns. The existing soil and backfill has to be able to
support the pole with these bending nonents applied. The

| ocation of this point of fixity could be at or bel ow the
groundline. The exact location is theoretical and depends on the
soil condition and backfill used to support the pole.

For the standard class pole, the point of fixity should remain at
the same location on the pole, regardl ess of the enbednment depth
the owner may specify for a given application. O herw se, the
requi red pole strength could vary as the location of the point of
fixity varies. Wthin the scope of this standard cl ass pol e
specification, the point of fixity is arbitrarily considered to
be | ocated at a distance fromthe pole butt, which is equal to 7%
of the pole length. This value seens to work quite well over a
range of pole lengths and is approximtely the sane value as a
point of fixity located at 1/3 of the distance bel ow the
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groundl i ne based on an enbednent depth of 10% of the pole |length
+ 2.

The reinforcing steel required at the point of fixity is required
to continue to the pole butt. However, due to the | oss of
prestressing steel strength near the pole butt, the ultimte
nmonment capacity near the pole butt will be reduced.

Tip Loading (Section 4.1.2)

The tip loading is used to develop a required ultinate nonment
capacity diagramat any point along the pole from2' bel ow the
pole tip down to the point-of-fixity. This ultimte nonment
capacity is determned by multiplying the tip | oad by the nonent
arm based on a sinple cantilever. As a result, the required
ultimate nonment diagramis linear in shape. This sanme nethod may
be utilized in structural analysis and automated transm ssion

i ne design conputer prograns to develop an array of ultimate
nmoment requirenents for standard concrete pol e sizes.

Pol e Deflection (Section 4.1.3 and 4. 1.4)

Al t hough significant horizontal pole deflection limtations are
considered to be beyond the scope of this standard cl ass concrete
pol e specification, sone allowances can be made for these

ef fects. They shoul d be considered during the analysis of the
actual | oading conditions applied to the concrete pole.

Typically, this type of analysis should be acconplished by
nonl i near structural analysis techniques. Since the electrical

cl earances nmust be assured in the operation of transm ssion
lines, deflections nust remain within an acceptabl e range.

This specification |imts the all owable pole deflection to 15% of
t he pol e hei ght above the point of fixity when the tip |oad
specified in Section 4.1.2 is applied under a horizontal testing
procedure under short term /| oading conditions. Long term | oadi ng
w Il cause continued deflection due to the plastic deformation of
t he concrete.

The owner shoul d recognize that the actual pole deflection for an
application will be less than the specified deflection |imt of
15% of the pole height. Wth the standard class pole, all of the
| oading is applied near the pole tip. In a typical transm ssion
line application, the actual horizontal |oading will be sone

di stance fromthe pole tip. As such, the actual deflection at the
conductor under short termultimate | oading conditions can be
expected to be less than 10% of the hei ght above ground.

This specification also limts the allowable pole deflection to
5% of the pole height above the point of fixity when 40% of the
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tip load specified in Section 4.1.2 is applied under a horizontal
testing procedure under long termloading conditions. This 40%

| oadi ng approxi mates the unfactored NESC | oading conditions as is
di scussed in the comrentary on cracking strength.

The NESC requires that electrical clearances be maintained under
a wnd loading of 6 psf. It is expected that the deflection of a
standard cl ass pole under this 6 psf |oading condition wll be

| ess than 3% of the height above ground.

For situations where the owner w shes to know the deflection for
a standard cl ass pole, the owner should use a suitable structural
anal ysi s conputer programin which the actual design |oading
conditions and concrete pole properties are input into the
program Anot her option would be to ask the pole manufacturer to
provi de the anal ysis.

| f the owner has special deflection limtations, it is
recommended that RUS Bulletin 1724E-206, Cuide Specification for
Spun, Prestressed Concrete Pole and Concrete Pole Structures, be
utilized instead of this specification. In doing so, there wll
be little doubt as to what the actual pole deflections will be
under all | oading conditions.

Cracking Strength (Section 4.1.5)

Cracking strength is defined as the point at which the concrete
just begins to separate due to exceeding the tensile strength of
the concrete on the tension face of the pole.

To mnimze the potential for corrosion of the reinforcing steel,
it is desirable to avoid cracking under the unfactored NESC
district | oading conditions, or any other service |oads specified
by the owner. Under this standard class concrete pole
specification, these service | oads are not specified, but are
considered to be 40% of the specified ultimte | oads.

For concrete poles designed within the limts of this
specification, the predom nant pole |oading wll be transverse

w nd | oads. The service |load is determ ned based on the ratio of
the transverse overload factor. The NESC overl oad factor applied
to district wind loads is 2.5. As such, the service load will be
equal to the ultimate | oad divided by 2.5, or 40% of the ultimte
| oad.

For typical concrete pole designs, initial cracking occurs at
about 40-55 percent of the ultimate strength of the pole.
Therefore, the requirenent for the cracking strength to be at

| east 40% of the required ultimate strength should not cause the
pol e to be stronger than when considering ultimate strength

al one.

Since it may be theoretically possible to have a cracking
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strength at |less than 40% of the ultimate strength, it is not
desirable to do so. By requiring the cracking strength to exceed
40% of the required ultimte strength, the owner is assured of an
adequate cracking strength for the standard cl ass concrete pole.

Zero Tension Strength (Section 4.1.6)

The zero tension strength is defined as the nonent at which a
crack that was previously created by exceeding the cracking
nmoment strength will open again. Under this condition, an applied
moment will not cause any tensile stress in the concrete.

It is inportant to avoid open cracks in situations of significant
unbal anced | ateral |oading and in extrenely corrosive
environnents in order to protect the steel reinforcing. Typical
structures with pernmanent unbal anced | ateral |oads are unguyed
angl e and unguyed deadend structures. Wile the design of these
structure types is generally outside the recomended scope of
this specification, this specification does require a m ninmum
zero tension strength for all pole classes.

It has been denonstrated that the zero tension strength wll
typically be 70%to 85% of the cracking strength. Wth a m ni num
cracking strength of 40% of ultimte, 70% of this value would be
equal to 28%of ultimate. Thus, it is natural for all spun
concrete poles to have a zero tension strength of at |east 28% of
ultimate. As such, this specification requires the standard cl ass
concrete pole to have a zero tension strength exceedi ng 28% of
the required ultimte strength.

For situations where the owner wi shes to select a standard cl ass
pol e based on a m ninum zero tension strength, this specification
may be utilized. A typical situation where the owner may w sh to
do this is when the owner uses a transm ssion |ine design
conputer programin which zero tension strength values are input
for each pol e type.

The owner shoul d recognize that the zero tension strength for
nost concrete poles is greater than the m ninmumrequired strength
of 28% of the ultimate strength. In fact, the zero tension
strength can be as high as 50% of the ultimte strength. Thus,

for concrete pole applications which nmust be designed for the
zero tension strength requirements, such as unguyed or unbal anced
|ateral loadings, it is quite possible for the owner to obtain
the concrete pole at a significantly |esser cost by submtting
the actual |oading conditions to the manufacturer using RUS
Bul l etin 1724E- 206.
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Foundati on Rotati on and Defl ecti on

Al t hough significant foundation rotation and deflection criteria
are considered to be beyond the scope of this standard cl ass
concrete pole specification, sonme all owances can be made for
these effects. They should be considered during the owner’s

anal ysis of the actual |oading conditions to apply to the
concrete pole. Typically, this type of analysis is acconplished
by nonlinear structural analysis techniques.

Once the structural analysis has been conpleted (including
foundation rotations and deflections, p-delta effect, etc.), the
owner may sel ect a standard class concrete pole which has the
ultimate noment capacity greater than the design | oading
requirenents.

Longi t udi nal Loads

It is recommended that RUS Bulletin 1724E-206 be utilized
whenever the |ongitudinal |oads may result in a significant

unbal anced |l ateral |oading condition. In this case, the design of
the structure based on zero tension strength is enphasi zed.
(Refer to the Commentary regarding Zero Tension Strength.)

Because concrete poles are flexible structures, there may be a
reduction in induced nonments in a pole under sone types of

| ongi tudi nal | oads due to the restraining effect of the overhead
ground wires. Traditionally, static |longitudinal |oads are
specified due to the conplexity of calculating the influence of
structure flexibility.

Quy Wres

It is generally beyond the scope of this standard class concrete
pol e specification to consider guy wires in the design of the
structure. It is recomended that RUS Bulletin 1724E- 206 be
utilized instead.

However, a typical situation where the owner nay wish to use this
specification for guyed poles is when the owner uses a

transm ssion |ine design conputer program or other structural
anal ysis program in which mninmum strength values are input for
each pole type and the programis capabl e of conbi ned bendi ng and
buckl i ng anal ysis of guyed concrete pol es.

It may al so be possible to specify certain types of guyed
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concrete pol es based on wood pol e anal ysis techni ques as detail ed
in RUS Bulletin 1724E-200. Once the wood pole class is

determ ned, a standard class concrete pole could be sel ected
based on an equivalency. In this case, it is reconmmended that the
1:1 equivalency ratio be utilized. It is generally agreed that a
concrete pole has a greater buckling strength than an

equi valently classed wood pole; therefore, the selected concrete
pol e class should be adequate for a situation in which a wood
pole would normal ly be specified. The owner should use caution in
using this equival ency nethod and its usage should be prudently

i nfluenced by the owner’s experience in simlar applications
where actual design |oadings were utilized under simlar guying
condi tions.

Any tine a concrete pole structure is guyed, the guy type, size,
nmodul us of elasticity and guy slope or angle has to be determ ned
by the owner and properly nodeled in the analysis of the concrete
structure. As is required by RUS Bulletin 1724E-206, the load in
the guy wire should be limted to 65 percent of its ASTMrated
breaki ng strength under actual ultimate |oading conditions. The
concrete pole and guy wire(s) nust be designed as a system

The guy nodul us of elasticity can increase froma m ni mum val ue
at the time of manufacture, to a maxi num val ue, which results
fromperiodic stretching and relaxing during the |oad cycles.
Ranges from 19, 000 ksi to 28,000 ksi have been stated. The ASCE
steel pole specification (ASCE Manual 72) has suggested a guy

W re nmodul us of elasticity of 23,000 ksi be used by the engi neer
whenever it is not specified.

G oundl i ne

The | ocation of the groundline for the standard cl ass pole should
be specified on the owner’s draw ngs.

While the strength of the standard class pole is not effected by
the groundline | ocation, the proper placenent of clinbing

devi ces, ground wire clips, cant hole, vent hole, nane plate, and
so forth, depends upon the |location of the groundline.

In addition, the ultimte nonment capacity at the groundline is to
be noted on the manufacturer’s drawi ngs (see Section 7.2.5) and
stanped on the pole nane plate (see Section 4.12.1).

Air Entrainnment in Spun Concrete Poles (Section 4.2)
Air entrainment in spun concrete poles is simlar to air

entrainnent in normal concrete except the fabrication processes
of punping, vibrating, and spinning causes a | arge percentage of
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the entrained air to mgrate out of the concrete. The general
effects of air entrainnent are to increase workability, decrease
density (unit weight), decrease strength, reduce bl eeding and
segregation, and increase durability. For a spun concrete pole,

t he spinning process creates a very dense concrete and
counteracts the air entrainnment effects. Since punping occurs
prior to the pole being spun, the air entrainnment effects are
present during the fabrication of spun poles. The percentage of
air entrained in a spun concrete pole after it is spun is
unknown. However, it is believed poles that have concrete
containing an air entrainnent agent will have a higher void ratio
than those without this agent. The owner has to be aware that as
the percentage of air entrainnent increases the concrete strength
decr eases.

G oundi ng (Section 4.5)

Al'l internal reinforcing should be bonded electrically to the
external pole ground wire. This wll keep the external ground and
internal reinforcing potential voltage differences | ower during
i ghtning events. There have been reports of step lugs and ot her
mat eri al s enbedded in the concrete, near or in contact with the
reinforcing, being dislodged as a result of lightning. Spliced
pol es shoul d have reinforcing on each side of the splice bonded
electrically to the external pole ground wire. This should | ower
potential voltage differences of enbedded material between each
pol e secti on.

C. Section 5.4 Structure Testing

An option is available in the specification for full scale
testing of poles. For a manufacturer, which has been designing
and fabricating concrete poles with the sanme processes for a good
nunber of years, the need for testing of a concrete pole is
questionable. Pole testing may be appropriate in cases where
there are unusual requirenments, new fabrication techniques or
when new suppliers are used to validate their design

D. Section 7 Drawi ngs and Information to be Supplied by the
Manuf act ur er

In order to properly evaluate bids, the specification requires
certain information to be supplied wth the bid. This information
may be supplied on the prelimnary drawi ngs fromthe Bidder

Using the forns in Attachnment C will allow quick review of the

i nformati on and si mul taneous conpari son of all bidders

i nformation.
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APPENDIX B

EXAMPLE POLE FRAMING DRAWINGS
EXAMPLE OF APPLICATION REQUIREMENTS
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12C° or 20" max arc
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J
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|
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4

12"

POLE BUTT FILLED
WITH GROUT FOR |2"

(Note 3)

f

12
HOLE

NOTES:

I

Provide 3/4'x7 /2" galvanized stepbolts with locknuts at
1'-" staggered spacing from 8' above designated
groundine to 2' below poletop. Step bolts onentation 1s
indicated as 'SB' in top vew.

Provide groundwire clip at |'-€" below pole top and
continue on a 5' spacing to one foot below ground line.
Orientation of clip 18 indicated as 'GC' n top view.

Pole shall have a concrete cap with dome top. Fole butt
shall be plugged with 12" grout plug. Provide a |-1/2"
diameter drain hole n the plug.

Provide ground nserts for 1/2"-13 tank ground with No.
6 copper wire securely bonded to at least one continous
steel tendon. Ground inserts shall be along the same axis
and on the same side of the pole as the ground clips.
The nserts shall be 12" to 24" below pole top and 4'
above the groundline.

Tolerances:
Pole length +2"
Pole weight + 1 0% of calculated weight

. Nameplate shall be located as shown with the mimmum

information:
Manufacturer's name
Day, month and year of manufacture
Structure number
Length and class of pole
Ultimate Groundline Moment (GLM)
Pole framing designation
Owner

7. Dimension "D" from pole butt to designated groundiine 15

given below:

70 75' | 80" | 85' | 90 | 95

e} T0 bE

5pec|ﬁefj by the enginegr--—-—--r-—-

8. Dimensions "A" and "B" are as follows:

A = 8-0"
B =8-0"

9. See TM-C3 for step bolt details, grounding clip details,

through bolt details, and steel bonding details.

10.  Mounting holes for insulator located on O-180° line.

. Vent hole shall be located top and bottom as necessary.

TRANSMISSION POLES

TPC-1 | 5 POLE FRAMING DRAWING
(Concrete)

REVISION

DATE

Mar., 2000

TPFC-115
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APPLICATION REQUIREMENTS

For appurtenance material supplied by the owner, owner shall
provi de manufacturer, connector and/or nenber |ocations,
orientations, sizes, types, and strength capacities with this
Attachnment .

1. i nbing device desired by owner STEP BOLTS
2.Delivery schedul e JAN. 15, 2000
3. Free on board destination (F.OB.) LEE'S LANDING, FL

LAYDOWN AREA NEAR
PEJMAN SUBSTATION

4. Addi ti onal requirenents
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APPENDIX C
DESIGN EXAMPLE

Exanple 1: For the TUC-1 pole structure and | oading conditions
gi ven bel ow, determ ne the “standard class concrete pole”:

CGeneral information:

Li ne vol t age: 138 kV
Desi gn by: ACME Engi neers
Structure type: TUC-1 Concrete Pole Structures

Ceonetry of the structure and | ocation of | oads:

Di stance from Pole Top, Ft.

OHGW 0.25
COND- 1 7.50
COND- 2 17. 50
COND- 3 27.50
At CGd. Line-assuned 70. 00
Pol e- End 80. 00

Overall pole length is 80 feet. The above di nensi ons assune a
10. 0 foot enbednent depth for the concrete pole (using standard
rule for wood poles of 10 percent pole length plus 2 feet).
Assune top of the pole has a 12 inch dianeter, and the groundline
di ameter is 30 inches.

Overl oad Factors (OLFs) used in this exanple:

For NESC Light, Medium or Heavy Loading District Loads

Vertical 1.50 Wnd on Pole 2.50
Transv. W nd 2.50 Transv. Line Angle 1.65
Longi t udi nal Loads 1. 65
For Extrenme Wnd Loads 1.10

Conduct or and OHGW Dat a:

OHGW 3/ 8" HSS
R B.S = 10,800 | bs.
138 kV Conduct or: Drake (795 26/7 ACSR)
R B.S = 31,500 | bs.
Vertical Span 900 ft.
Hori zontal Span 750 ft.

Li ne Angle 0 degrees
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Load Cases:
Load Case A: NESC Medi um Di strict Loads
Wth an unbal anced | ongi t udi nal
Load of 700 | bs. at each
conduct or
Load Case B: 80 Mph Extrenme Wnd Load

(1.1 OCF applied)

Loadi ng I nfornmation (summary):

NESC Medi um Loadi ng Dat a

Transver se Vertical
Cond. Tension (Kips) Ib./ft. Ib./ft.
Drake — 138 kV 7.91 . 536 1.516
OHGW — 3/ 8 HSS 2.56 . 287 . 463
Extrenme Wnd Loading Data (16 psf)
Transver se Vertical
Cond. Tension (Kips) Ib./ft. Ib./ft.
Drake — 138 kV 6. 54 . 9091 1.0940
OHGW — 3/ 8 HSS 1.23 . 4800 . 2730

Cal cul ate forces and nonents at the groundline:

NESC Medi um Di strict Loading

Load Due Load Due to Total Transv. Moment Arm Utimte
to Wnd Li ne Angl e Load W CCF Feet Moments Ft.
on Wre (ki ps) (ki ps) ki ps
@3 oundl i ne
oHGW .22 0 0.54 69. 75 37.5
COND- 1 .40 0 1.01 62.5 62.8
COND- 2 .40 0 1.01 52.5 52.8
COND- 3 .40 0 1.01 42.5 42.7
G oundl i ne 0.0
Totals for Wre Loads 3.57 195. 8
W nd on the Pole 1.23 36.8
Morment s due to unbal anced vertical Wre Load 8.2
Monment due to deflection for weight of pole and for wires (p- 29.1
del ta nmonent) ( Appr oxi nat ed)
Monents due to rise of insulators negligi bl e
Total Transverse Shear and
Moments at G oundl i ne 4.78 269. 2

For the unbal ance | ongitudinal |oad, the shear is 2.1 kips and the

| ongi tudi nal nmonent is 121 ft.-kips (.7k @each cond.)
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TOTAL RESULTANT GROUNDLI NE MOVENT = 296 ft. Kips

Extrene Wnd Load (no |ongitudinal |oad)
Simlar calculations are perforned for the extrene w nd | oad.

TOTAL GROUND LI NE MOVENT FOR THE EXTREME WND LOAD = 324.1 ft. Kips

Concl usions: The Extrene Wnd Loadi ng | oad controls design
Det ermi ne whi ch “standardi zed” concrete pole design to use:
Distance 2' fromtop to groundline = 70° — 2.0 = 68

Load 2' fromthe top to cause a 324 ft.-kip nonent
at groundline: = 324 ft-kips/68 = 4770 | bs.

Based on the above calculated tip | oad, use a C-04.7 pole
(The strength is within one percent of the required strength)

Performa quick check to verify the assuned enbednent depth using
Bul l etin 1724E- 205, “Design Guide: Enbednent Depths for Concrete
and Steel Poles”.

Exanpl e 2: An existing 115 kV single pole line is conposed of
Dougl as Fir wood poles. In several |ocations, concrete poles are
to replace wood pecker damaged wood pol es. The existing danmaged
poles are 80 ft class 1 wood poles with the TUS pole top
assenbly. Determ ne which standard size pole should be used to
repl ace the wood pole. Extrene wind design load is 16 psf (80
nmph). The line is located in the heavy |oading district. The
conductor is 795 Drake and the overhead groundwire is 3/8" HSS.

NESC heavy district |loads with an overload factor of 4 controlled
the design of the original wood pole line. A quick conparison of
the unit |oads for the extrene wind and the NESC heavy district | oad
with overl oad factors for concrete, indicates that the NESC heavy
district and not the extrene wind load will control the design of the
concrete pole. Because extrene wi nd does not control the design, the
engi neer may use Table A-1.

Table A-1 indicates that a C02.8 nay be used. However, in order to
account for the additional nonment due to deflection fromthe dead wei ght
of the heavy concrete pole and the | oaded wei ght of the conductors, the
engi neer should select a pole, one class greater in strength fromthis

t abl e. A standard class C-03.4 should be used.
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Exanpl e 3: Sane as exanple 2, except the line nmust sustain 100
nph extrenme w nd | oads.

NESC heavy district |oads with an overload factor of 4 controlled
the design of the original wood pole line. A quick conparison of
the unit |oads for the extrene wind and the NESC heavy district | oad
with overload factors for concrete, indicates that the 100 nph extrene
wind load will control the design of the concrete pole (an overl oad
factor of 1.1 is used for extrene wind | oads). Because the extrene w nd
| oad with an overload factor of 1.1 is greater than the NESC district
|oad with an overload factor of 4.0, extrene wind will control the
design. Table A-2 should be used to select the appropriate pole.

In order to account for the additional nonment due to deflection fromthe
dead wei ght of the heavy concrete pole and the | oaded wei ght of the
conductors, the engineer should select one pole class up fromthe table.
A standard class C-04.0 shoul d be sel ected.

In exanple 2, calculations for the actual Iine conditions may actually
show that a C-02.8 may be used to replace the 80 class 1 wood pol e.

Li kewi se, the engineer nmight find that a C03.4 nay be adequate for
exanple 3 if calculations are perfornmed using actual |ine conditions.



Bul letin 1724E-216
Page D-1

APPENDIX D
SELECTED SI-METRIC CONVERSIONS
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APPENDI X D
SELECTED SI - METRI C CONVERSI ONS
AREA

To Convert From To . Mul tiply by
circular mI (cml) square neter (n¥) 5.067075 E-10
square centineter (cm?) square neter (mg)  *1.000 E- 04
square foot (ft2) square meter (mg)  *9.290304 E-02
square inch (in2) square meter (mg)  *6.451600 E-04
square kilometer (kn?) square neter (nmg)  *1.000 E+06
square nile (m2) square meter (nd) 2.589988 E+06

FORCE

To Convert From To Mul tiply by
kil ogram force (kgf) Newt on (N) *9. 806650
ki p Newt on (N) 4.448222 E+03
pound force (I bf) Newt on (N) 4.44822

FORCE PER LENGTH

To Convert From To Mul tiply By
kil ogram force per

meter (kgf/m Newt on per neter (Nm *9.806650
pound per foot(lb/ft) Newton per nmeter (Nm 1.459390 E+01

DENSI TY

To Convert From To Mul tiply By
pound per cubic inch ki T ogram per _cubic

(1b/in3) nmeter (kg/ md) 2.767990 E+04
pound per cubic foot ki | ogram per _cubic

(I'b/ft3) nmeter (kg/ md) 1. 601846 E+01

LENGTH

To Convert From To Mul tiply By
foot (ft) meter (M 3. 048 E-01
inch (in) meter (M *2.540 E-02
kil ometer (km meter (M *1. 000 E+03
mle (m) meter (m *1.609344 E+03

*Exact Conver si on.
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Sel ected SI-Mtric Conversions, Cont.
LOAD CONCENTRATI ON

To Convert From To Mul tiply By
pound per square kil ograns per square

i nch (Ib/rn ) met er (kg/n?) 7.030696 E+02
pound per square kil ograns per square

foot (Ib/ft2) meter (kg/ né) 4.788026
ton per square kil ograns per square

foot (ton/ft?2) nmeter (kg/ nd) 9.071847 E+02

PRESSURE

To Convert From To Mul tiply By
kip per square I nch

(ki p/in2) Pascal (Pa) 6.894757 E+06
kip per square f oot

(ki p/ft?2) Pascal (Pa) 4.788026 E+04
Newt on per square

meter (N nd) Pascal (Pa) *1. 000
pound per square

foot (1b/ft2) Pascal (Pa) 4.788026 E+01
pound per square

inch (Ib/in2) Pascal (Pa) 6.894757 E+03

BENDI NG MOVENT

To Convert From To Mul tiply By
kil ogram force neter

(kgf-m Newt on neter (N-m *9.806650
ki p-foot (kip-ft) Newt on neter (N-m 1.355818 E+02
pound-foot (Ib-ft) Newt on nmeter (N-m 1. 355818

VELOCI TY

To Convert From To Mul tiply By
foot per second(ft/s)meter per second (m's) *3.048 E-01
kil omet er per hour

(knt h) met er per second (nis) 2.777778 E-01
mle per hour(m/h) neter per second (ns) 4.370300 E-01
meter per hour(mh) neter per second (ns) 2.777778 E-04

*Exact Conver si on.
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APPENDIX E

CONTRIBUTORS

The foll owi ng nenbers of the Transnission Line Subcomittee of the
National Rural Electric Cooperative Association, Transm ssion and

Di stribution Engineering Committee provided inval uabl e assi stance in
preparing this docunent.

Bal | ard, Dom nic, East Kentucky Power Coop., Wnchester, KY
Burch, John, Florida Keys Electric Coop., Tavernier, FL

Emmons, Doug, Hoosier Energy REC, Bl oomi ngton, |IN

Heal d, Donald, U S. D.A Rural Wilities Service, Wshington, D.C
Het herington, Bill, Lee County Electric Coop., North Fort Myers, FL
Goodnman, Dean, Arkansas Electric Coop., Little Rock, AR

Lukkarila, Charles, United Power Association, Elk R ver, M

McCal |, Charles, Georgia Transni ssion Conpany, Tucker, GA

a dham Robert, Southern Maryland El ectric Coop., Hughesville, NMD
Smith, Art, Patterson & Dewar Engi neers, Decatur, GA

Turner, David, Lower Colorado River Authority, Austin, TX

Twitty, John, Al abama Electric Coop., Andalusia, AL
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