






































Another approach used when the insulator selection is
predetermined is the calculation of structure loadings by ap-
plying a moment larger than would be produced when the
rated insulator cantilever breaking strength is applied at the
end of the insulator. This procedure should result in break-
age of the insulator before damage occurs to the structure.

Equipment loads consist of dead loads and operating
loads. Dead loads include the weight of the equipment and
associated hardware. Operating loads include dynamic
forces due to moving parts of the equipment. These loads
are given by the equipment manufacturer.

Construction and maintenance loads should be considered
to ensure the safe assembly, erection and operation of the
system. Generally, this entails accounting for workmen and
tools in addition to the system.

In addition to stress requirements, structures must be
sufficiently rigid so that deflections of members will not
exceed the limits specified by either NEMA or the equip-
ment manufacturer, whichever is more stringent. The
NEMA SG 6, Part 36, outlines deflection limits based on
structure class.

It is recommended that loading conditions be expressed as
load trees, using an orthogonal coordinate system. Bus,
equipment and insulator loads should be shown at the appro-
priate attachment points. Loads shown should be the fac-
tored loads.

4.4 Lighting Supports, Highway Sign and
Traffic Signal Structures

Lighting supports, highway sign and traffic signal struc-
tures include many types of structures. Lighting support
structures include common light standards, post top stan-
dards, high mast light structures and stadium flood lighting
poles. Highway traffic sign supports and marker support
structures include overhead and roadside sign supports.
Traffic signal support structures include structures for post
top mounted traffic control signals, structures with can-
tilever arms, bridge mounted traffic control signals and span
wire mounted traffic control signal support structures.

Because all of these support structures are included in the
AASHTO “Standard Specifications for Structural Supports
for Highway Signs, Luminaires and Traffic Signals”
(AASHTO, 1985), it is recommended that the loading crite-
ria of this standard be used. The standard discusses the loads

to be applied to each of these different support structures in-
cluding dead load, live load, ice load, wind load and combi-
nation or group loads. The term effective projected area
(EPA) is used to designate the effective surface area of
lighting fixtures. When using EPA rated fixtures, the use of
additional shape factors is not required.

4.5 Communication Structures

The Electronic Industries Associate Standard
EIA/TIA/222-E “Structural Standards for Steel Antenna
Towers and Antenna Supporting Structures” (1994) is rec-
ommended for the determination of loads, tolerances, foun-
dations, anchors, guys and allowable twist and sway values.
When using the working loads from this standard, a mini-
mum load factor of 1.25 is recommended for concrete struc-
tures. This factor is the same as that used in the AASHTO
“Standard Specifications for Structural Supports for High-
way Signs, Luminaires, and Traffic Signals” (1994).

4.6 Other Loads

Structures located in areas subject to earthquakes should
be analyzed for the effects of seismic forces. By studying
ASCE 7-95, the applicable building code and other appro-
priate standards, the designer can determine the earthquake
zone in which a particular structure is located. For very im-
portant structures, such as unguyed (dead-end or heavy
angle) structures or structures having stringent safety re-
quirements, special analyses may be required.

Handling loads should also be considered. These loads
are generated during transportation and erection of the
structures. The lifting of the entire structure from the hori-
zontal position is typically the controlling handling condi-
tion. This load is caused by the weight of the structure itself
plus the weight of any items that may be attached to the
structure.

To allow for shock loads that may occur while the struc-
ture is being lifted, an impact factor of 1.5 should be applied
to the dead weight of the structure and attached accessories.
Also, the reduced strength f,; should be considered for strip-
ping and in-plant handling. The manufacturer should indi-
cate the locations of single- or multiple-point picks, unless
otherwise specified by the user. See Section 8.1 on Handling
for further information.

CHAPTER 5 — DESIGN

5.1 General

Prestressed concrete poles may be analyzed using classi-
cal reinforced concrete theory. These poles exhibit both lin-
ear and nonlinear behavior. Prior to exceeding the tensile
strength of the concrete (below the cracking moment), the
pole has a relatively constant modulus of elasticity and de-
flects in a linear manner. Above the cracking moment, the
pole behaves mostly nonlinearly because of the altered
properties of the cracked section.
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During this state, greater deflection will occur than that of
an uncracked section for a similar increase in load. These
deflections cause secondary moments in the structure due to
the offset axial loading of the pole’s center of gravity cou-
pled with the weight of the conductors and insulators (the
so-called P-A effect).

It is important that the effects of nonlinearity be consid-
ered in the structural analysis, not only because of the sec-
ondary moments induced but also because deflection can
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become significant when an extreme wind loading causes a
structure, in combination with the swing of the conductors,
to approach the allowable clearance to the right-of-way edge
(a condition known as “blow out”).

5.2 Design Method

The design of prestressed concrete poles is a relatively
complex process that involves consideration of various load-
ing conditions, time-dependent and nonlinear material be-
havior, ultimate strength and serviceability.

Prestressed concrete poles should be designed primarily
by the ultimate strength method. Service loading conditions,
such as first circumferential crack, reopening of cracks and
deflection, should be investigated with unfactored loads.

The cross-sectional area of a pole is determined using an
iterative design process. Starting with a specified pole
height and a load tree, the designer assumes a trial pole
cross section. Then, for each section that is incrementally in-
vestigated, specified limit states must be satisfied. If not sat-
isfied, the trial-and-error process is repeated until a solution
is found.

The four distinct design conditions that may be consid-
ered in the design of a prestressed concrete pole are: (1) ulti-
mate flexural strength; (2) cracking strength; (3) zero ten-
sion strength; and (4) deflection.

5.2.1 Ultimate Strength

The ultimate flexural strength of a pole is the moment at
which the pole will fail, usually by crushing of the concrete.
The pole should be designed to have the ultimate strength at
all sections of the pole exceed the required strength calcu-
lated from the appropriate factored loads applied to the
structure. Factored loads are specified in codes (NESC,
1993), guidelines (ASCE, 1991, Loading Guide) or other
documents.

5.2.2 Cracking Strength

The cracking strength of a pole is the moment at which
the first circumferential crack will occur. Under this condi-
tion, the moment in the pole causes the tensile strength of
the concrete to be exceeded on the tension face of the pole.
The tensile strength is a function of the concrete modulus of
rupture. These cracks will close upon release of the load.
The pole should be designed to have the cracking strength
exceed the moments calculated from the service loads. A
typical service load is NESC District loading without a load
factor.

5.2.3 Zero Tension Strength

The zero tension strength is the moment at which a crack
that was previously created by exceeding the cracking mo-
ment strength will open again. Under this condition, an ap-
plied moment will not cause any tensile stress in the con-
crete. This strength will always be less than the cracking
moment strength. Structures that are subjected to a perma-
nent lateral load, such as unguyed dead-end or angle struc-
tures, or structures controlled by deflection should be de-
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signed to have the zero tension strength exceed the moments
calculated from service loads or sustained loads. This would
avoid having a crack remain open for the life of this struc-
ture type. Avoiding open cracks is important in extremely
corrosive environments, such as placement in sea water or
proximity of industrial contaminants, in order to protect the
steel reinforcement.

5.2.4 Deflection

The maximum allowable deflection of a structure, as spec-
ified by the user, may control the design of the structure. The
user should specify to the pole designer the loading condi-
tions that are to be considered in determining the pole deflec-
tion. The pole stiffness (EI) should be sized so that the pole
deflection calculated from the specified loading conditions
does not exceed the maximum allowable deflection.

5.2.5 Shear and Torsion

See Section 5.7.

5.3 Prestress Losses

The magnitude of the prestressing force in the pole is not
constant but decreases with time. This decrease in the pre-
stressing force is referred to as the prestress loss. Some pre-
stress losses are instantaneous and some are time-dependent.
Instantaneous losses are due to elastic shortening, anchorage
slippage and friction, in the case of post-tensioning. Time-
dependent losses are mainly due to shrinkage and creep of
concrete and steel relaxation.

A detailed analysis of losses is not necessary except for
unusual situations where deflections could become critical.
Lump sum estimates of losses are commonly used. Depend-
ing on the materials used, 15 to 25 percent for total losses
are common design assumptions. A good source for infor-
mation on the calculation of prestressing losses may be
found in the Fourth Edition of the PCI Design Handbook
(1992).

5.4 Principles and Assumptions of Ultimate
Moment Capacity

The ultimate moment capacity of a pole at any given cross
section is a function of the strains in the prestressing steel
and concrete. The factored design moment should not ex-
ceed the ultimate moment capacity.

The following assumptions are made in computing the ul-
timate moment capacity of poles:
¢ Plane sections remain plane.
¢ The steel and concrete are adequately bonded.
® The steel and concrete are considered in the elastic and

plastic ranges.
® The concrete compressive stress at failure is 0.85f;"

* The tensile concrete strength is neglected in flexural
computations.
¢ The ultimate concrete strain is 0.003.

While the first two assumptions become somewhat less
valid after the section has cracked, the overall behavior of
the member can still be predicted adequately.
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For circular prestressed concrete members:

y _VE B
‘ Q9
21t
where
F, = tensile strength of concrete taken as 4\/?5
fpe = effective compressive stress in concrete due to
prestress
O = moment of area above centroid
I = moment of inertia of cross section
t = wall thickness
For the shear force V, contributed by the steel:

where A, is the area of the shear reinforcement within a dis-
tance s, f, is the yield strength of the steel, and d is the dis-
tance from the compression force to the centroid of the pre-
stressing steel, or 0.8 times the outside diameter of the
section, whichever is greater.

5.7.2 Torsion

The design of concrete pole cross sections subjected to
torsion shall be based on:
T, < 9T,
where T, is the factored torsional force at the section consid-

ered, ¢ is taken as 0.85, and T, is the torsional resistance of
the prestressed concrete member.

For square or rectangular cross sections (Lin and Burns,
1981):

10
T,=6\f |1+ fffCanzy

where

0.35
0.75+2
d

and x is the shorter overall dimension of the rectangular part
of the cross section, y is the longer overall dimension of the

rectangular part of the cross section, and b is the width of
the compression face of the member.

For circular cross sections:

J
T, =—E + Efye

where J is the polar moment of inertia and r, is the outside
radius of the section.

For members subject to simultaneous flexural shear and
torsion, the following interaction equation may be used to
represent the strength of the member:

v Y (1 Y
PR I R VIS R
(o.ssv,,) [0.85@)
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5.8 Critical Buckling Loads

Although buckling of a concrete pole is Afnlikely under
normal circumstances, in some cases of guyed structures it
may be critical. A useful reference on the subject is the
ASCE “Guide for the Design of Guyed Transmission Struc-
tures” (1997).

The best estimate of buckling loads for non-prismatic
members can be obtained using numerical methods to solve
the differential equations obtained from classical elastic sta-
bility theory or using a nonlinear finite element formulation.
Such numerical or finite element techniques are not practi-
cal without computers. These methods are described in ad-
vanced analysis textbooks. Today, finite element software
programs are available at a modest cost.

For hand calculations, simplified techniques for determin-
ing buckling loads are available that give conservative re-
sults for most cases. For poles with constant cross sections
or uniform taper, the critical buckling load can be approxi-
mated using the classical Euler buckling equation with ap-
propriate effective buckling lengths. Using this approach,
the critical buckling load may be determined by:

_m°El
cr (kL)2

The most difficult aspect of applying this equation is de-
termining an appropriate value for EI. In place of a more
precise calculation, EI for computing the buckling load may
be taken as:

El= Edy
2.5

For poles of uniform cross section, I, is the gross moment
of inertia of the concrete. For uniformly tapered poles, I,
may be conservatively taken as the gross moment of inertia
at a distance of one-third L from the smaller end of the un-
braced length.

For cantilevered poles, the buckling length L to be evalu-
ated should be from the centroid of the applied external
loads to a point one-third of the setting depth below the
ground line. The pole should be assumed fixed at the lower
point and free at the upper end, giving a theoretical effective
length factor k = 2.0.

For poles guyed in both directions, the buckling length L
to be evaluated should be the distance from the bottom guy
attachment to a point one-third the setting depth below the
ground line. The pole should be considered fixed at the
lower point and pinned at the upper end, giving a theoretical
effective length factor k = 0.7. In practice, however, a value
of k = 0.8 is preferable. Single poles guyed only in one di-
rection should be treated as cantilevers for buckling pur-
poses because they are free to deflect in the unguyed plane.

For H-frames, two modes of buckling should be checked.
First, buckling in the plane of the cross brace should be
checked using a length from the bottom cross brace attach-
ment point to a point one-third of the setting depth below
the ground line. The pole should be considered fixed at the
lower point and pinned at the upper, giving a theoretical ef-
fective length factor k = 0.7 (recommended value £ = 0.8).
In addition, buckling in the plane perpendicular to the cross
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brace should be checked. This mode of buckling should be
treated the same as the cantilever.

5.9 Deflections

Structure deflections should always be checked. For loads
less than those causing the first crack, elastic deflections can
be determined using the classical structural analysis meth-
ods. For loads in excess of cracking, an inelastic pole design
method should be utilized. For the sake of appearance, ex-
cessive deflection under sustained loads should be avoided.

Additional structural deflection can occur due to concrete
creep. This is the plastic deformation of the concrete due to
application of loads over an extended time period. This
could result in increased deflections for poles used as strain
poles, self supporting dead-ends or guyed structures. For
most pole applications, creep is not a major design consider-
ation. However, it can be of significance for nonuniform
stress distribution resulting from the combined effect of sus-
tained load and prestress. Refer to ACI 318-95 for design
procedures involving creep.

5.9.1 Determination of Elastic Deflection

For loading conditions that do not exceed the cracking ca-
pacity of the pole, an elastic method may be used. This
could include virtual work, the conjugate beam method,
slope deflection, or a finite element computer analysis.

5.9.2 Determination of Inelastic Deflection

Up to the point of cracking, the deflection may be com-
puted using elastic methods previously described. After
cracking, the modulus of elasticity £ becomes both stress
and time dependent and the moment of inertia I becomes
crack dependent. Because the product EI varies with stress,
time and pole geometry, the process for computing inelastic
deflections is too complicated for hand calculations and,
therefore, lends itself to iterative computer computations.

The inelastic deflection can be approximated using re-
duced values of the elastic product EI. These values may
range from E_I, at a level of moment at cracking to E.[,/3
as the member approaches ultimate strength.

5.10 Joints and Connections

5.10.1 Connections

Connections between poles and attachments should be de-
signed such that the allowable stresses of the connecting
part and the concrete pole are not exceeded and excessive
deformation or rotation is not induced. Hardware may be at-
tached using through holes, bands or inserts, depending on
the type and magnitude of load.

Factors to be considered in connection design include the
load transfer mechanism, load factors, ductility, durability,
required tolerances, aesthetics and economics.

5.10.2 Bolted Connections

Most hardware is bolted to concrete poles with galvanized
through bolts. Good practice dictates that the bolts do not
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overload the concrete and that they be properly tightened.
Bolts such as ANSI C135.1 or ASTM A307 are commonly
used. Designing for use of lower strength bolts helps to en-
sure that the bolt loads do not exceed the allowable concrete
bearing stress. Because the low strength bolts are readily
available, those which require replacement will be replaced
with bolts of the correct strength. Sleeving of holes may be
necessary as a means of reducing concrete bearing stress,
particularly when higher strength bolts are used.

To spread the concentrated loads under the head of the
bolt and under the nut, a square curved washer or other
similar plate should be placed between the head or nut and
the pole. For A307 bolts over 1 in. (25.4 mm) in diameter
or A325 bolts over ¥4 in. (19.05 mm) in diameter, use ei-
ther two Y4 in. (6.4 mm) thick washers or a single /s in.
(9.5 mm) washer. Use of cast washers is not recommended.
The turn of the nut method is applicable only to high
strength bolts (A325 bolts). When A325 bolts are used,
they should not be pretensioned to avoid overloading the
hollow section.

For shear connections in which the bolt will bear against
the side of the through hole, the maximum bolt bearing load
will be determined by multiplying the diameter of the bolt
times the effective wall thickness times the bearing strength
of the concrete. In the absence of confirming tests, it is as-
sumed that the bolt-to-concrete interface carries all of the
load and none of it is carried through friction. The maxi-
mum effective wall thickness for calculating the bearing
load is the least of 3 in. (76 mm), four bolt diameters, or the
actual wall thickness.

5.10.3 Climbing Attachments

It is recommended that every individual part of the climb-
ing system where a lineman could conceivably place his
foot should be designed to withstand a static load of 750 lbs
(3337.5 N) without permanent deformation and a load of
500 1bs (2225 N) dropped 18 in. (457.2 mm) without break-
ing, or the most recent Occupational Safety and Health Ad-
ministration (OSHA) recommendations for any other
requirements.

5.10.4 Inserts

Inserts should be made of materials that will not deterio-
rate in the environment in which they are placed. Care
should be taken to ensure that the materials in the concrete,
the insert and the bolt do not react unfavorably with each
other.

The anchorage of the inserts in the concrete should be
such that they do not pull out under the design load. Prefer-
ably, they are designed and anchored in such a manner that
the bolts will fail first.

Consult the appropriate ACI and PCI design guides for
proper insert design loadings. It is necessary to ensure that
bolts do not bottom out in the insert. This may require coor-
dination between the user and/or one or more suppliers. In-
serts can be installed at various locations without reducing
the strength of the pole; however, in some cases the location
and quantity of strands may be affected.
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treme wind, the actual design loads should be considered
rather than equating them to a wood pole. Table 5.13.2
delineates the appropriate ultimate loads required for pre-
stressed concrete when used in conjunction with trans-
verse loads.

5.13.3 Deflections

In general, due to the relative stiffness of the concrete and
wood poles, an equivalent concrete pole will deflect much
less than a wood pole. Hence, clearance and right-of-way
due to conductor swing-out are generally not problems.

CHAPTER 6 —
MANUFACTURING AND QUALITY ASSURANCE

6.1 General

Prior to approving bids from a concrete pole manufac-
turer, the user should be satisfied that each bidder has proce-
dures in place to ensure that every pole supplied will be in
compliance with the specifications. The manufacturer
should provide either a full copy or a summary of the qual-
ity assurance program if requested. The user may inspect the
manufacturer’s equipment and process facility to ensure that
the procedures are in accordance with the quality assurance
program.

The exact contents and procedures will vary depending
on the production process (e.g., static-cast or spun-cast),
the types of poles being manufactured (e.g., mass pro-
duced street lighting poles or custom manufactured trans-
mission line poles), and the general quality control philos-
ophy of the manufacturer. There are, however, several
considerations that should be covered by all quality assur-
ance programs.

The following guidelines may serve in preparing specifi-
cations that include a quality assurance program:

6.2 Design and Drawings

The quality assurance specification should indicate the
degree of involvement by the user and the procedure for re-
view of the design concept, detailed calculations, stress
analysis and the manufacturer’s drawings. Stress analysis of
the main structure and all of its component parts, including
all attachments and connections, should be considered. The
manufacturer’s drawings should be checked to ensure that
they contain proper and sufficient information for manufac-
turing and erection in accordance with the requirements of
the user’s specification.

6.3 Manufacturing Process

Prestressed concrete poles can be spun-cast or static-cast.

6.3.1 Spun-Cast Poles

To manufacture spun-cast concrete poles, concrete is
pumped or placed into a self-stressing steel form consisting
of two separable halves equipped with rolling rings. These
rings rest on the wheels of a spinning machine that rotates
the form at high speeds. The spinning provides centrifugal
compaction to the concrete mixture and creates an inner
core void.

The high consolidation forces and low water-cement ra-
tios produce exceptionally dense concrete with a high com-
pressive strength. The spinning process also results in im-
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proved bond between steel and concrete, greater shrinkage
reduction and a smoother, denser surface finish.

6.3.2 Statically Cast Poles

Statically cast poles are typically made in tapered config-
urations that are square, octagonal or “H” shaped in cross
section. The square or octagonal shaped sections can be ei-
ther solid or made hollow by the use of retractable mandrels
or fiber tube voids. Solid poles can have a wire raceway
provided by a plastic tube extending through the center. Al-
though not as dense as spun concrete [dry unit weight of 145
to 150 1bs per cu ft (2323 to 2403 kg/m?) for static-cast
poles vs. 155 to 165 Ibs per cu ft (2483 to 2643 kg/m®) for
spun-cast poles], statically cast poles can also achieve high
compressive cylinder strengths.

6.3.3 Materials

The specification should include the requirement for re-
view and agreement on the manufacturer’s materials specifi-
cations, sources of supply, material identification, storage,
traceability procedures and acceptance of certified material
test reports.

The manufacturer should maintain records of mill certifi-
cations and test reports from material suppliers to show that
all materials used conform to applicable ASTM specifica-
tions. Tests on the concrete mix should be maintained,
whether these tests are performed by independent laborato-
ries or by the manufacturer. In either case, these tests should
be conducted in accordance with ASTM procedures.

6.3.4 Tolerances

Appendix E lists some of the recommended manufactur-
ing tolerances.

6.3.5 Sealing Strand Ends

The ends of strands must be properly sealed against
water intrusion. It has been demonstrated that the helical
prestressed strand reinforcement can act as capillary tubes
and draw water up into the member. Hence, it is extremely
advantageous to burn back the strand into the member ap-
proximately 1 in. (25.4 mm) and then seal the area with an
epoxy grout or similar impervious material. This is espe-
cially desirable for pole installations in areas with high
water tables or for those placed directly in sea water. Wher-
ever strands are terminated in a pole, care should be taken
to ensure that the strands are protected against weathering
and corrosion.
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6.3.6 Quality Control

A review should be made and agreement reached on all
quality control procedures. Rejection criteria should be es-
tablished and agreed upon prior to the start of any fabrica-
tion. All structures ready for shipment should have com-

plete and proper identification in order to avoid confusion
at the delivery point. The markings should coincide with
the type, length, strength, weight and identification (ID)
number required by the customer and approved on the shop
drawings.

CHAPTER 7 —
STRUCTURE TESTING

7.1 General

A pole structure test may be considered to verify struc-
tural design. This test is the ultimate check on the adequacy
of the entire design and manufacturing process. Poles may
be tested in either a horizontal or an upright position. If only
the pole is being tested, a horizontal test is satisfactory and
easier to carry out than an upright test (see Appendix F). In
instances where the pole is being tested as a part of an entire
structure, the entire assembled structure should be tested in
the vertical position.

The contract documents should designate the organization
that is responsible for the structural design specifications set
forth in the contract. Overall responsibility for the testing of
the structure should lie with one person representing this or-
ganization. This person should be completely familiar with
the design of the structure and approve the proposed proce-
dure for structural testing. Also, this person should be pre-
sent at all times during the testing sequence and approve
each decision made during the process. The person handling
these responsibilities should be called the Responsible Test
Engineer.

In a traditional proof test, the test setup conforms to the
design conditions (i.e., only static loads are applied), the
structure has level, well-designed foundations and the re-
straints at the load points are the same as in the design
model. This type of test will verify the adequacy of the main
components of the structure and their connections to with-
stand the static design loads specified for that structure as an
individual entity under controlled conditions.

Proof tests provide insight into the actual stress distribu-
tion of unique configurations, fit-up verification, the perfor-
mance of the structure in a deflected position and other ben-
efits. This test cannot confirm how the structure will react in
the transmission line where the loads will be both static and
dynamic, the foundations may be less than ideal and there is
some restraint from intact wires at the load points.

Sections 7.2 through 7.13 present guidelines for perform-
ing a proof test using a test frame that has facilities to install
a single structure in an upright position, to load and monitor
pulling lines in the vertical, transverse and longitudinal di-
rections and to measure deflections. Guidelines for a hori-
zontal test are presented in Section 7.14.

7.2 Foundations

It is unlikely that soil conditions at the test site will match
those at the installation site. Fortunately, if a few precau-
tions are taken, it will make very little difference to the test
results,
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7.2.1 Single Pole Structures

The primary consideration in designing and installing a
single pole foundation is to be able to control the ground
line rotation so as not to exceed the allowable design rota-
tion. For test purposes, the actual amount of rotation makes
very little difference within a wide range except under very
heavy vertical loads, where secondary moments can be
significant.

7.2.2 H-Frame Structures

Normally for an H-frame, the critical point in the structure
is at the top of the X-brace. The magnitude of the ground
line rotation has very little effect on the structure at the top
of the X-brace. It is important, however, that the uplift and
down-thrust be adequately contained so that the structure
does not suffer premature failure due to unanticipated loads
as a result of twisting the structure.

7.3 Material

The test structure should be made of materials that are
representative of the materials that will be used in the pro-
duction structures. Test results should be available for each
important member in the test structure. All test structure ma-
terial should conform to the requirements of the material
specified in design.

7.4 Manufacture

Manufacture of the prototype structure for testing should
be done in the same manner and to the same tolerances and
quality control as specified for the production structures.

7.5 Assembly and Erection

The test structure should be assembled in accordance with
the manufacturer’s recommendations. It may be desirable to
specify detailed methods or sequences for the test structure
to prove the acceptability of proposed field erection meth-
ods. Pick-up points designed into the structure should be
used during erection as part of the test procedure. The com-
pleted structure should be set within the tolerances permit-
ted in the construction specification.

After the structure has been assembled, erected and rigged
for testing, the user or his designated representative should
review the testing arrangement for compliance with the con-
tract documents. Safety guys or other safety features may be
loosely attached to the test structure and used to minimize
consequentjal damage to the structure or to the testing
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equipment in the event of a premature failure, especially if
an overload test to failure is specified.

7.6 Test Loads

The loads to be applied to the test structure should be
the loads specified for design and should include all ap-
propriate load factors. Wind-on-structure loads are nor-
mally applied in a test as concentrated loads at selected
points on the structure in a pattern to make a practical
simulation of the in-service uniform loading. The magni-
tudes and points of application of all design loads should
be developed by the structure designer and approved by
the user before the test.

7.7 Load Application

Load lines should be attached to the load points on the
test structure in a manner that simulates the in-service load
application as much as possible. The attachment hardware
for the test should have the same degrees of movement as
the in-service hardware.

V-type insulator strings should be loaded at the point
where the insulator strings intersect. If the insulators for the
structures in service are to be a style that will not support
compression, it is recommended that wire rope be used for
simulated insulators in the test. If compressed or cantilever
insulators are planned for the structures, members that will
simulate those conditions should be used.

As the test structure deflects under load, load lines may
change their direction of pull. Adjustments must be made
in the applied loads so that the vertical, transverse and
longitudinal vectors at the load point in the deflected
shape are the loads specified in the structure loading
schedule.

Test rigging should be designed with an adequate safety
factor for the specified test loads.

7.8 Loading Procedure

The number and sequence of load cases tested should be
specified by the structure designer and approved by the user.
It is recommended that those load cases having the least in-
fluence on the results of successive tests be tested first. Sec-
ondly, the sequence should simplify the operations neces-
sary to carry out the test program.

Loads are normally incremented to 4Q,. 50, 75, 90 and 100
percent of the maximum specified load and to the load at
which the concrete first cracks (usually in the range of 40 to
60 percent). If the test facility does not have the capability
for continuous recording of loads, an additional increment to
95 percent may be added. There should be a pause after
each load increment application to allow time for reading
deflections and to permit the engineers observing the test to
check for signs of structural distress. The maximum load for
each load case should be held for 5 minutes.

In most cases, loads should be removed between load
cases. In some non-critical situations, with the permission of
the Responsible Test Engineer, the load may be adjusted as
required for the next load case. Unloading should be con-
trolled to avoid overstressing any members.
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7.9 Load Measurement

All applied loads should be measured as close to the point
of application to the test structure as possible. Loads should
be measured through a suitable arrangement of load cells or
by predetermined dead weights. The effects of pulley fric-
tion should be minimized. Measurement devices should be
used in accordance with the manufacturer’s recommenda-
tions and calibrated before and after the conclusion of the
testing sequence.

7.10 Deflections

Structure deflections under load should be measured and
recorded. Points to be monitored should be selected to ver-
ify the deflections predicted by the design analysis. Deflec-
tion readings should be made for the before-load and load-
off conditions as well as at all intermediate holds during
loading. Deflections should be referenced to common base
readings, such as the initial plumb positions, taken before
any test loads are applied.

Upon release of test loads after a critical load case test, a
structure will normally not fully return to its undeflected
starting position. The testing specifications should state how
much deviation is acceptable.

7.11 Failures

The provisions of the test procedure must specify whether
failure occurs when there is: (1) structure collapse; (2) initial
cracking; (3) zero tension condition; or (4) permanent defor-
mation.

If a premature structural failure occurs, the cause of the
failure mechanism should be determined and corrected.
Failed and damaged members should be replaced. The load
case that caused the failure should be repeated. Load cases
previously completed normally are not repeated.

After the structure has successfully withstood all load
cases, and assuming that the structure was not tested to de-
struction, the structure should be dismantled and all mem-
bers inspected.

7.12 Disposition of Test Structure

The test specification should state what use, if any, may
be made of the test structure after the test is completed. Un-
damaged components are usually accepted for use in the
line. If an overload test to failure has been performed, cau-
tion should be exercised in accepting parts that appear to be
undamaged because they may have been loaded beyond the
elastic range.

7.13 Report

The testing agency should furnish a test report in the num-
ber of copies required by the job specifications. The report
should include:

1. The designation and description of the structure tested.

2. The name of the utility that will use the structure.

3. The name of the organization that specified the loading
and test arrangement of the structure.

4. The name of the Responsible Test Engineer.
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5. The name of the manufacturer.
6. A brief description and the location of the test facility.
7. The names and affiliations of the test witnesses.
8. The dates of testing each load case.
9. Design and detail drawings of the structure including
any changes made during the testing program.
10. A rigging diagram with a detail of the point of attach-
ment to the structure.
11. Calibration records of the load measuring devices.
12. A loading diagram for each load case tested.
13. A tabulation of deflections for each load case tested.
14. In the case of a failure:
(a) Photographs of the failure.
(b) Loads at the time of failure.
(¢) The remedial actions taken.
(d) The physical dimensions of the failed members.
(e) Test coupon reports of failed members, if required.
15. Photographs of the overall testing arrangement and
rigging.
16. Air temperature, wind speed and direction, any precipi-
tation and other pertinent meteorological data.
17. Mill test reports for steel and concrete cylinder com-
pression breaks taken at the time of the test.
18. Additional information specified by the purchaser.

7.14 Horizontal Testing

Horizontal testing is primarily used to test a single pole.
Most of the previous sections of this chapter also apply to
horizontal testing. A full-scale horizontal destruction test
should verify the structural integrity of the pole to with-
stand the maximum design stresses. All critical points
along the pole shaft should be tested to maximum design
load.

7.14.1 Test Arrangement

The structure is normally placed in a horizontal position
as shown in Appendix F. Location(s) along the shaft will be
selected as the load pulling point. The purpose of the load
pull will be to duplicate the maximum design stress at all
critical points in the pole shaft based on the cross-sectional
geometry of the shaft and yield strength of the materials.
Critical points are those points on the shaft with the highest
stress.

7.14.2 Equipment Used in Test

The load is pulled at a predetermined point(s) along the
shaft by a crane or other suitable pulling device. Loads
should be determined with a calibrated load instrument lo-
cated in the pulling line. A tape or transit should be used to
take deflection measurements.

7.14.3 Test Procedure for Pole Test — Horizontal Pull

The pole is placed between the reaction blocks and
locked in place. One or more wheeled support devices
should be used to support the weight of the cantilevered
end of the pole. An initial load of at least 10 percent of the
maximum test load should be applied to “set” the pole into
the blocking. When the “setting” load is removed, the zero
position is then established from which to measure subse-
quent deflections.

In order to obtain accurate results, it is very important
that the wheeled support device operates with a minimum
of friction. Ideally, the setup includes steel wheels with
bearings or steel rollers, either of which will roll on the
steel plate. All of the rolling surfaces must be kept free of
debris.

CHAPTER 8 —
ASSEMBLY AND ERECTION

8.1 Handling

One of the most critical handling phases for any pole is
lifting it clear of all supports while it is in the horizontal po-
sition because the moment generated by its own weight may
be significant. Concrete poles tend to be heavier than other
types of members; therefore, more attention must be paid to
the manner in which they are lifted.

Some poles are designed to be lifted with a single-point
pick at the center of gravity and some require multiple-
point picks. The manufacturer should provide the user
with lifting instructions for their particular poles and the
user should transmit these instructions to the construction
personnel.

The proper placement of slings will allow either two-point
handling or single-point erection without any cracking. It is
advantageous to haul, handle and erect poles without incur-
ring flexural cracks. The presence of flexural cracks indi-
cates that the concrete has already given up its initial tensile
value, leaving only the “zero tension” (repeated crack) load
for service as previously described.
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8.2 Hauling

Common sense is important in determining good hauling
practices. A particular setup that may be acceptable for
hauling over a smooth paved highway may be entirely inap-
propriate for hauling the same load over a plowed and
frozen field. In general, no more than one-third of the length
of the pole should be cantilevered and, if the terrain condi-
tions indicate that the pole will be handled roughly, the
length should be less than that value.

In instances where hauling equipment cannot be driven
adjacent to the setting location, it may be necessary to drag
the pole along the ground. As is expected with the dragging
of any pole, careful procedures are required to avoid dam-
age to the pole.

8.3 Framing

Concrete poles are generally framed using through bolts.
The turn-of-the-nut method for tightening bolts is preferred
to torquing bolts and nuts, particularly when they are galva-
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nized. In most cases, the bolt will be propetly tightened if
the nut is first tightened snugly (defined as the degree of
tightness caused by the first impacting of an impact
wrench). Then, the nut receives an additional turn depend-
ing on bolt length as follows:
* Short bolts (length less than four times the diameter) —
one-third turn
® Medium length bolts (length between four and eight diam-
eters) — one-half turn
® Long bolts (length greater than eight diameters) — three-
quarters turn
The strength of the pole is sufficient to withstand a rea-
sonable degree of bolt tightness, except near the ends of a
hollow pole that has not been plugged. If a hollow spun-cast
pole shows signs of cracking longitudinally when the bolts
are tightened, either the bolts can be tightened less, a steel
sleeve can be used in the hole or the end of the pole can be
plugged if that is where the cracks are occurring. '
This recommended tightening procedure will keep the
bolts tight and protect the pole from damage by over-
tightening. The turn-of-the-nut method should be used with
caution in order to avoid pulling out inserts or yielding
A307 bolts.

8.4 Field Drilling

Most concrete poles will be sent from the manufacturer
with the necessary holes already in place. Occasionally, it
may be necessary to field-drill holes. This can be accom-
plished with a rotary hammer drill and a carbide tipped bit
or a diamond tipped core bit. An appropriate set of instruc-
tions are given herein for the two most common types of
pole reinforcing methods.

8.4.1 Full Length Reinforcing Steel

Some manufacturers determine the amount of steel re-
quired by the ground line design moment capacity and carry
that quantity of prestressing steel throughout the entire
length of the pole, even though less steel is needed in the
upper portions. Because holes are normally drilled in the
upper portions of a pole where there is a considerable excess
of steel, it is permissible to cut a limited number of strands
in the drilling process.

The steel requirements are determined near the ground
line, the lower end of the top section of a two-piece pole,
and near an X-brace attachment in H-frame construction.
Cutting the steel in these areas may weaken the pole below
its design requirement.

If there is any question as to the advisability of cutting
prestressing steel, the pole manufacturer should be con-
tacted for guidance. By referring to the manufacturer’s
drawings, it may be possible to find areas where drilling can
occur without cutting prestressing steel.

Once permissibility to drill the pole has been determined,
the location and drill should be marked. If steel is struck
when using a carbide bit, drilling should be stopped and either
continued with a diamond tipped core or a cutting torch (to
burn the steel). It is recommended that holes be drilled from
the outside to ‘the inside. Drilling straight through the pole
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usually spalls concrete on the opposite side. Mold marks,
which are usually visible on the pole, make handy reference
points from which to locate the hole on the opposite face.

8.4.2 Drop Out Reinforcing Steel

As the need for steel decreases toward the top of the pole,
some manufacturers terminate a portion of the steel by
masking out some of the strand with plastic tubing, drop-
ping the tendons out through the side wall or installing addi-
tional steel in critical areas by use of post-tensioned strands.
When using these methods, there is not an excess of steel
near the pole tops and the steel should not be cut.

This situation does not preclude drilling these poles. It
means, however, that care should be used to ensure that the
steel is not cut. Because there is less steel in pole tops of this
type, there is more space between the prestressing steel.
Thus, it is easier to avoid the prestressing steel during the
drilling process but cutting a strand means that the pole may
be weakened below its design strength. The actual drilling
of these poles is accomplished in the same manner as stated
in the previous section.

8.4.3 Circumferential Steel

Cutting of circumferential steel (spiral reinforcement) is
difficult to avoid, but is acceptable unless the pole is to be
subjected to severe torsional loads.

8.5 Field Cutting

There will be occasions in which it is desirable to shorten
a pole in the field. This can be accomplished without dam-
age to the pole by cutting with a handheld concrete saw and
an abrasive cut-off blade. The blade will cut both the con-
crete and the steel. After cutting, the exposed strands should
be burned back and the voids sealed (see Section 6.3.5).

8.6 Erection

Concrete poles are erected in the same manner as other
poles. Assuming that the poles were properly placed before
they were framed, a single-point pick with a choker is usu-
ally permissible. The choker should be placed well above
the center of gravity. This means that as the pole is raised
from the horizontal position, much of its weight stays on the
ground until the pole is nearly in the vertical position. Once
it reaches the vertical position, it will not be damaged by
lifting its full weight with a single-point pick.

Because the surface of a concrete pole is smooth and hard,
care should be taken when using chokers. Improper use of
chokers can result in the pole slipping and causing injury or
property damage. Chokers must be tight around the pole. A
positive stop against sliding can be provided by attaching the
choker below a solid piece of hardware. (Note that ladder
clips and step bolts do not qualify as solid hardware.)

8.7 Climbing

Concrete poles are climbed with the use of step bolts and
ladders. Construction personnel may be required to install
clips and climbing provisions.
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pole to the spread footing is the use of anchor bolts and a
base plate cast to the base of the pole.

Light pole bases are usually small cast-in-place founda-
tions with anchor bolts for attachment with anchor base
style poles. These bases are designed with or without rein-
forcing bars, depending on soil conditions and base size.

For street light applications, the base may be recessed
below the sidewalk so that the finished connection may be
covered with grout. For parking lot applications, the bases
are formed extending above the pavement to protect the pole
from damage by vehicle impact loadings.

9.3.3 Precast Foundation

Precast foundations (see Fig. 9.3.3) are foundations that
are cast in a manufacturing facility or fabricated near the
site to be erected at the final structure location. The two
most common types of precast foundations are prestressed
concrete cylinder piles and prestressed concrete piles.

Prestressed concrete cylinder piles are fabricated by spin-
ning concrete in segmental molds and post-tensioning the
segments together to the length specified. These piles are

usually available in diameters ranging from 36 to 66 in.
(914 to 1676 mm). Cylinder piles may be driven, jetted or
excavated and placed to the desired embedment depth. The
concrete pole is placed inside the cylinder pile and held in
place by specified backfill.

The concrete cylinder pile may be used to obtain addi-
tional structure height without increasing the pole length.
This is accomplished by specifying a pile length that in-
cludes the embedment depth plus additional above-ground
length for the required structure height.

Precast, prestressed concrete piles may also be installed
by driving, jetting or excavation and placed to the desired
embedment length.

Lightly loaded structures may require a single pile founda-
tion. The concrete pole may be attached to the pile by plates
anchored to the end of the pile and the base of the pole. These
plates may be either bolted or welded together. The concrete
pole may also be attached to the single pile by bands or
through bolts. Heavily loaded structures may require groups
of piles connected together by a pile cap to resist the loads.
The concrete pole may be cast with the pile cap or attached to
the pile cap by a base plate and anchor bolts.

GLOSSARY

This Glossary serves as an aid to the reader in understanding the terms used in this Design Guide. Many of these terms
have more than one meaning in the technical literature. The definitions provided herein have been specifically worded so as

to be relevant to the practices used in the concrete pole industry.

Cantilevered Structure — A structure that is assumed fixed
at one end and free to translate and rotate at the other end.

Circumferential Cracks — Cracks that parallel a cross
section of a concrete pole.

Dead End Structure — A transmission or distribution
structure on which conductors are terminated. These
structures may be guyed or unguyed.

Design Bending Moment — The moment, at various points
in a structure, generated by design factored loads.

Distribution Structures — Structures used to distribute
electricity of low voltage (normally up to 50 kV).

Dynamometer — An instrument used to measure force.
Dynamometers commonly have dial type scales that allow
the reading of loads.

First Crack — The load (cracking moment) on a pole at
which the concrete extreme fibers can no longer con-
tribute tensile resistance.

Guyed Structure — A structure in which cable supports
are used to increase its lateral load resistance.

Line Designer — The engineer(s) with overall transmis-
sion/distribution line design and specification writing re-
sponsibilities. A line designer is either employed by or is
a hired consultant of a utility or company that uses trans-
mission structures.

Load Cell — A device used to measure test loads.

Longitudinal Cracks — Cracks in concrete that parallel the
long axis of the pole.
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Manufacturer — The company responsible for the fabrica-
tion of the structures. The manufacturer fabricates the
structures based on design drawings developed by the
structure designer.

Multiple-Point Picks — The process where a pole or struc-
ture is suspended or picked up from more than one point.

Overload Capacity Factor — A term used by the NESC to
designate a load factor. Service loads are multiplied by
the overload capacity factor to obtain ultimate loads.

P-A Moment — The secondary moment created by vertical
loads acting on the deflected structure.

Rake — The amount of horizontal pole top displacement
created by installing a pole tilted out of plumb. It is used
to negate the pole top deflection anticipated for everyday
loading conditions.

Responsible Test Engineer — The person assigned overall
responsibility for a structure test.

Single-Point Pick — The process where a pole is sus-
pended or picked up using a single lifting point.

Snug Tight — A term used to describe the condition of the
bolts in a connection when the plies of the joint are in
firm contact. This is normally attained by a few impacts
of an impact wrench or the full effort of a worker using an
ordinary spud wrench.

Spiral Reinforcement — Mild steel reinforcement that en-
closes the longitudinal reinforcement. In concrete poles it
is usually continuous throughout the pole length.
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Spun-Cast — Fresh concrete placed in a mold and spun to
form a pole.

Statically Cast — Fresh concrete placed by gravity and vi-
brated in a mold.

Strain Poles — Single poles subjected to permanent pull
from cables, such as poles used to support traffic signals
and highway signs.

Structure Designer — The engineer(s) with specific re-
sponsibility for the structural design of the poles. This
person is usually employed by or is a hired consultant of a
company that fabricates concrete pole structures.

Sweep — A measure of deviation from straightness.

Taper — The unit of measure describing the change in di-
ameter of a section over a unit of length.

Test Rigging — Collectively, all the ropes, chains, cables
and tackle used to apply load to a structure being sub-
jected to testing.

Transmission Structures — Single pole or H-frame structures
used to transmit high voltage electricity (above 50 kV).

Ultimate Load — A maximum design load that includes
the appropriate overload capacity factors and any addi-
tional factor of safety specified.

Ultimate Moment Capacity — The resisting strength of a
member, also referred to as ¢M,,, or the nominal strength
multiplied by the capacity reduction factor ¢.

User — The person(s) responsible for the acquisition of
concrete pole structures.

Zero Tension — The load at which a crack, having previ-
ously opened by exceeding the tensile stress, will open
again (also known as the decompression load or the re-
peated cracking load).
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NOTATION

A, = area of shear reinforcement within a distance s
A, = area of annulus of cross section
A, = gross area of section
A, = area of ith strand
b = width of compression face
b,, = web width of rectangular section or diameter of cir-
cular section
¢ = distance from extreme compressive fiber to neutral
axis
C. = concrete compression force
d = distance from extreme compressive fiber to centroid
of steel reinforcement
d; = distance of ith strand from extreme compressive
fiber
e = eccentricity
e; = distance of ith strand to neutral axis
E = modulus of elasticity of section (also MOE)
E. = modulus of elasticity of concrete
E; = modulus of elasticity of prestressing steel
EPA = effective projected area
/7= specified compressive strength of concrete
[+ = compressive strength of concrete at time of initial
prestress
fpe = effective compressive strength of concrete due to
prestress
Joy = specified yield strength of steel
f, = yield strength of mild reinforcing steel
Jou = ultimate strength of prestressing steel
f-=modulus of rupture
[iei = effective stress in ith strand after losses
F, = tensile strength of concrete
I'=moment of inertia of cross section
I, = gross moment of inertia of section
J = polar moment of inertia
K = factor relating centroid of concrete compressive
force C, to neutral axis
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k = effective buckling length factor
L = unsupported buckling length
M., = cracking moment
M,, = nominal moment strength at section
M, = zero tension moment
M, = applied factored moment
P = effective prestress
P, = critical buckling load
O = moment of area above centroid
r; = inside radius
r, = outside radius
s = spacing of shear or torsional reinforcement
¢t = wall thickness of concrete section
T, = factored torsional force
T, = strand tension force
T. = torsional resistance of concrete section
V. = nominal shear strength provided by concrete
V = volume of pole
V., = nominal shear strength
V, = nominal shear strength provided by shear reinforce-
ment
V., = factored shear force
W = weight of concrete pole
y, = distance from centroidal axis to extreme tensile fiber
€, = concrete strain corresponding to maximum stress
£, =concrete strain at level of strand due to effective
stress
&, = strand strain due to bending
&, = strand strain due to effective stress
&, = strand strain at ultimate
g, = ultimate concrete strain at rupture
¢ = capacity reduction factor
B; =reduction factor applied to ¢ to obtain depth of
equivalent rectangular stress block
¢ = torsional coefficient
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