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FOREWORD

xiii

The Engineering Manual and Report on Engineering
Practice No. 72 titled “Design of Steel Transmission
Pole Structures” has been used by electric transmis-
sion design professionals since 1973. The purpose of
the design guide was to provide a uniform basis for
the design, fabrication, testing, assembling, and erect-
ing of steel transmission pole structures. Because
many changes continue to take place in the steel pole
industry, in 1989 it was proposed that ASCE form a
committee to develop a standard. The proposal was
approved, and the committee was organized in 1991.
The second edition of Manual 72 served as the pri-
mary resource document for the development of this
standard. The previous work of the ASCE task com-
mittee on Manual 72 is greatly appreciated.

This standard includes commentary and appendices
that are furnished as supplemental information. The
commentary and appendices are not mandatory. 

This standard has been prepared in accordance with
recognized engineering principles and should not be
used without the user’s competent knowledge for a
given application. The publication of this standard by
ASCE is not intended as a warrant that the information
contained therein is suitable for any general or specific
use, and the Society takes no position with regards to
the validity of patent rights. Users are advised that the
determination of patent rights or risk of infringement
is entirely their own responsibility.

It is with much appreciation that we acknowledge 
the contributions of two committee members who 
are no longer with us, Jerome G. Hanson and 
Dan S. Thiemann.
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1.0 SCOPE

Design of Steel Transmission Pole Structures specifies
requirements for the design, fabrication, testing,
assembly, and erection of cold-formed tubular mem-
bers and connections for steel electrical transmission
pole structures. Structure components (members, con-
nections, guys) are selected to resist factored design
loads at stresses approaching yielding, buckling,
fracture, or any other limiting condition specified in
this standard. Distribution, substation, communication,
and railroad electric traction structures are not
included within the scope of this standard.

Units of measurement herein are expressed first 
in English units followed by the International System
(SI) units in parentheses. Formulae are based on
English units, and, thus, some formulae require a 
conversion factor to use SI units. The appropriate 
conversion factor is given following each formula.

2.0 APPLICABLE DOCUMENTS

The following standards are referenced in this 
document:

ASTM International (ASTM) Standards
A6/A6M-04 Standard Specification for General

Requirements for Rolled Structural Steel Bars, Plates,
Shapes, and Sheet Piling

A36/A36M-03a Standard Specification for
Carbon Structural Steel

A123/A123M-02 Standard Specification for Zinc
(Hot-Dip Galvanized) Coatings on Iron and Steel
Products

A143/A143M-03 Standard Practice for Safe-
guarding Against Embrittlement of Hot-Dip
Galvanized Structural Steel Products and Procedure
for Detecting Embrittlement

A153/A153M-03 Standard Specification for 
Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware 

A193/A193M-03 Standard Specification for
Alloy-Steel and Stainless Steel Bolting Materials 
for High-Temperature Service

A307-03 Standard Specification for Carbon 
Steel Bolts and Studs, 60,000 psi Tensile 
Strength

A325-04 Standard Specification for Structural
Bolts, Steel, Heat Treated, 120/105 ksi Minimum
Tensile Strength 

A325M-04 Standard Specification for Structural
Bolts, Steel Heat Treated 830 MPa Minimum Tensile
Strength [Metric]

A354-03a Standard Specification for Quenched
and Tempered Alloy Steel Bolts, Studs, and Other
Externally Threaded Fasteners

A370-03a Standard Test Methods and Definitions
for Mechanical Testing of Steel Products

A385-03 Standard Practice for Providing High-
Quality Zinc Coatings (Hot-Dip)

A394-00 Standard Specification for Steel
Transmission Tower Bolts, Zinc-Coated and Bare

A449-04 Standard Specification for Quenched
and Tempered Steel Bolts and Studs

A475-03 Standard Specification for Zinc-Coated
Steel Wire Strand

A490-04 Standard Specification for Structural
Bolts, Alloy Steel, Heat Treated, 150 ksi Minimum
Tensile Strength 

A490M-04 Standard Specification for High-
Strength Steel Bolts, Classes 10.9 and 10.9.3, for
Structural Steel Joints [Metric] 

A529/A529M-03 Standard Specification for High
Strength Carbon-Manganese Steel of Structural
Quality

A563-04 Standard Specification for Carbon and
Alloy Steel Nuts

A563M-03 Standard Specification for Carbon 
and Alloy Steel Nuts [Metric] 

A568/A568M-03 Standard Specification for Steel,
Sheet, Carbon, and High-Strength, Low-Alloy, Hot-
Rolled and Cold-Rolled, General Requirements for

A572/A572M-03 Standard Specification for High-
Strength Low-Alloy Columbium-Vanadium Structural
Steel

A588/A588M-03 Standard Specification for High-
Strength Low-Alloy Structural Steel with 50 ksi
[345 MPa] Minimum Yield Point to 4 in. [100 mm]
Thick

A595-98(2002) Standard Specification for Steel
Tubes, Low-Carbon, Tapered for Structural Use

A606-01 Standard Specification for Steel, Sheet
and Strip, High-Strength, Low-Alloy, Hot-Rolled, and
Cold-Rolled, with Improved Atmospheric Corrosion
Resistance

A615/A615M-04 Standard Specification for
Deformed and Plain Billet-Steel Bars for Concrete
Reinforcement

A633/A633M-01 Standard Specification for
Normalized High-Strength Low-Alloy Structural 
Steel Plates
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A673/A673M-02 Standard Specification for
Sampling Procedure for Impact Testing of Structural
Steel

A780-01 Standard Practice for Repair of
Damaged and Uncoated Areas of Hot-Dip Galvanized
Coatings

A871/A871M-03a Standard Specification for
High-Strength Low-Alloy Structural Steel Plate with
Atmospheric Corrosion Resistance

A1011/A1011M-03a Standard Specification for
Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural,
High-Strength Low-Alloy and High-Strength Low-
Alloy with Improved Formability

B416-98(2002) Standard Specification for
Concentric-Lay-Stranded Aluminum-Clad Steel
Conductors

E165-02 Standard Test Method for Liquid
Penetrant Examination

E709-01 Standard Guide for Magnetic Particle
Examination

American Welding Society (AWS) Standards
AWS B1.10:1999 Guide for Nondestructive

Inspection of Welds 
AWS C2.18-93 Guide for the Protection of Steel

with Thermal Sprayed Coatings of Aluminum and
Zinc and Their Alloys and Composites

AWS D1.1/D1.1M-2002 Structural Welding Code
Steel

AWS D1.3-98 Structural Welding Code—Sheet
Steel

AWS QC1-96 Standard for AWS Certification of
Welding Inspectors

American Society of Civil Engineers (ASCE)
ASCE 10-97 Design of Latticed Steel

Transmission Structures
American Institute of Steel Construction (AISC)
AISC-ASD—Specification for Structural Steel

Buildings Allowable Stress Design, and Plastic
Design, June 1, 1989

Research Council on Structural Connections
RCSC—Specification for Structural Joints Using

ASTM A325 or A490 Bolts, June 23, 2000

3.0 DEFINITIONS

Aeolian Vibration—High-frequency, low ampli-
tude vibration generated by a low velocity steady wind
blowing across the conductor or structural member.

Blast Cleaning—Cleaning and descaling of a
steel object using peening action of shot, sand, or
abrasive powder under high pressure.

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

Camber (or Precamber)—Pole curvature,
induced in fabrication, used to counteract predeter-
mined pole deflection, such that the pole will appear
straight under a specified load condition.

Circumferential Weld—A weld joint direction-
ally perpendicular to the long axis of a structural
member. Commonly used to join two closed-section
shapes of a common diameter.

Complete Fusion—Fusion that has occurred over
the entire base metal surface intended for welding and
between all adjoining weld beads.

Complete Joint Penetration—A penetration by
weld metal for the full thickness of the base metal in 
a joint with a groove weld.

Design Stress—The maximum permitted stress in
a given member. 

Direct-Embedded Pole—A structure in which
the lower section is extended below groundline a pre-
determined distance.

Edge Distance—The distance between the center
of a connection hole and the edge of the plate or 
member.

Fabricator—The party responsible for the fabri-
cation of the steel pole structure.

Factored Design Loads—Unfactored loads 
multiplied by a specified load factor to establish the
design load on a structure.

Faying Surfaces—The contacting surfaces of two
joined members.

Fusion—The melting together of filler metal 
and base metal (substrate), or of base metal only, to
produce a weld.

Galloping Vibration—Low-frequency, large
amplitude vibration that occurs when a moderate
velocity steady wind blows over a conductor covered
by a layer of ice deposited by freezing rain, mist, or
sleet.

Ground Sleeve (or Corrosion Collar)—A steel
jacket that encapsulates a portion of a direct-embedded
pole immediately above and below the groundline. 

Lamellar Tearing—Separation in highly
restrained base metal caused by through-thickness
strains induced by shrinkage of the adjacent weld
metal.

Line Designer—An agent of the owner who is
responsible for the design of the proposed transmis-
sion line.

Load Factor (or Overload Factor)—A multi-
plier used with the assumed loading condition or
unfactored load, to establish the factored design 
load.

Local Buckling—An introduction of a series 
of waves or wrinkles in one or more elements of a 
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column section or the compressive side of a beam 
section because of the inability of the section to 
resist the compressive stress in its current geometric
shape.

Loosely Bolted—Bolted connections in which 
the nuts are drawn into contact with the mating sur-
face without being tightened beyond that which 
can be obtained without the use of tools.

Owner—The owner of the proposed transmis-
sion line or the owner’s designated representative,
who may be a consulting engineer, general contractor,
or other.

Rake—The amount of horizontal pole top dis-
placement created by installing a pole tilted out of
plumb. It is used to counteract predetermined pole
deflection such that the pole will appear plumb under
a specified load condition.

Security Load—A design load used to decrease
the risk of a cascading type line failure. Loads that
could cause cascading could be weather-related or
accident-related resulting from broken conductors,
components, or failed structures.

Shield Wire—Wire installed above the conduc-
tors for lightning protection and fault current return.
Other terms used are overhead ground wire, static
wire, and optical ground wire (OPGW).

Shop Detail Drawings—Drawings that are 
usually prepared by the fabricator and that contain 
complete and detailed information necessary for 
the fabrication of the structure and components.

Slip Joint (or Slip Splice)—A telescoping 
type connection of two tapered tubular pole 
sections.

Snug-Tight—Tightness obtained manually
through the full effort of a worker using an ordinary
spud wrench or as obtained through a few impacts of
an impact wrench.

Stability—The ability of a structure or member 
to support a given load without experiencing a 
sudden change in configuration.

Structure Designer—The party responsible for
the design of the structure. May be an agent of the
owner or fabricator.

T-Joint—A joint between two members located
approximately at right angles to each other in the 
form of a “T”.

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

Through-Thickness Stress—Tensile stresses
through the thickness of the plate that can cause fail-
ure parallel to the plate or tube surface.

Truss Member—Member designed to carry only
axial force.

4.0 LOADING, GEOMETRY, AND ANALYSIS

4.1 INTRODUCTION

This section details the minimum basic information
that the Owner shall provide in a written specification
to enable the Structure Designer to design the struc-
ture. This section also details the methods of analysis
that shall be utilized by the Structure Designer to
design the structure.

4.2 LOADING

4.2.1 Factored Design Loads
Factored design loads shall be determined by the

Owner and included in the design specification, draw-
ings, or documents. 

4.2.2 Loading Considerations
The development of factored design loads shall

consider the following:

1. Conductor and shield wire properties,
2. Minimum legislated loads,
3. Historical climatic conditions,
4. Structure orientation,
5. Construction and maintenance operations,
6. Line security provisions, and
7. Unique loading situations.

4.2.3 Load Expression
Factored design loads shall be specified by the

Owner and shall be expressed in the form of load trees
or in tabular form. Factored design loads shall include
the magnitude, direction, and point of application with
respect to a single orthogonal coordinate system.

4.3 GEOMETRIC CONFIGURATIONS

4.3.1 Configuration Considerations
Tubular steel pole structures shall be designed

with geometric configurations that are based on elec-
trical, economic, and safety requirements specified by
the Owner.

4.3.2 Structure Types
Tubular steel pole structures shall be designed as

either self-supporting or guyed structures as specified
by the Owner.

ASCE/SEI 48-05
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4.4 METHODS OF ANALYSIS

The Structure Designer shall use established principles
of structural analysis to determine the forces and
moments caused by the factored design loads.

4.4.1 Structural Analysis Methods
The Structure Designer shall utilize geometrically

nonlinear elastic stress analysis methods. 

4.4.2 Analysis of Connections
The Structure Designer shall be responsible for

the analysis of all connections. This analysis shall be
substantiated by stress calculations or by test results.

4.5 ADDITIONAL CONSIDERATIONS

4.5.1 Structural Support
The Owner shall specify the type and degree of

support provided by foundations or guys that will be
utilized with the installed structure. Additional require-
ments regarding foundations appear in Section 9.2.

4.5.2 Design Restrictions
The Owner shall specify design restrictions,

including shipping length, shipping weight, diameter,
taper, deflection, finish, shaft to shaft connection 
type, foundation type, and guy attachment and 
anchor location if applicable.

4.5.3 Climbing and Maintenance Provisions
The Owner shall specify the types and positions

of climbing and maintenance apparatus. This includes
information concerning ladder or step attachment
devices, grounding connection provisions, and “hot
line” maintenance equipment attachment details,
where applicable.

5.0 DESIGN OF MEMBERS

5.1 INTRODUCTION

The design stresses for members shall be based on
ultimate strength methods using factored design loads.

5.2 MEMBERS

This section contains criteria for determining design
stress levels in tubular members and in truss members.
Ground sleeves shall not be considered as structural
members in the design.

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

5.2.1 Materials

5.2.1.1 Specifications
Materials conforming to the following ASTM

Specifications are suitable for use under this standard:

ASTM A36/A36M, Standard Specification for
Carbon Structural Steel;

ASTM A529/A529M, Standard Specification 
for High-Strength Carbon-Manganese Steel of
Structural Quality;

ASTM A572/A572M, Standard Specification for
High-Strength Low-Alloy Columbium-Vanadium
Structural Steel;

ASTM A588/A588M, Standard Specification for
High-Strength Low-Alloy Structural Steel with 50 ksi
(345 MPa) Minimum Yield Point to 4 in. (100 mm)
Thick;

ASTM A595, Standard Specification for Steel
Tubes, Low-Carbon, Tapered for Structural Use;

ASTM A606, Standard Specification for Steel,
Sheet and Strip, High-Strength, Low-Alloy, Hot-
Rolled, and Cold-Rolled, with Improved Atmospheric
Corrosion Resistance;

ASTM A633/A633M, Standard Specification for
Normalized High-Strength Low-Alloy Structural Steel
Plates;

ASTM A871/A871M, Standard Specification for
High-Strength Low-Alloy Structural Steel Plate with
Atmospheric Corrosion Resistance; and

ASTM A1011/A1011M, Standard Specification
for Steel, Sheet and Strip, Hot-Rolled, Carbon,
Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability. 

This listing of suitable steels does not exclude the 
use of other steels that conform to the chemical and
mechanical properties of one of the listed specifica-
tions or other published specifications, which establish
the properties and suitability of the materials. As a
minimum, material shall meet the requirements of
ASTM A6 or ASTM A568, as applicable.

5.2.1.2 Material Properties
The yield stress, Fy, and the tensile stress, Fu,

shall be the specified minimum values determined
according to the appropriate ASTM specification. 
The modulus of elasticity, E, for steel is defined to 
be 29,000 ksi (200 GPa).

5.2.1.3 Energy-Impact Properties
Impact properties in the longitudinal direction of

all structural plate or coil materials shall be deter-
mined in accordance with the Charpy V-notch test
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described in ASTM A370 and, at a minimum, shall
meet the requirements of 15 ft-lb (20 J) absorbed
energy at a temperature of ( ). Absorbed
energy requirements for subsize test specimens shall
be in accordance with ASTM A370 and A673.

For all plate and coil materials of any thickness,
heat-lot testing shall be used unless specified differ-
ently by the Owner.

5.2.2 Tension
The tensile stress shall not exceed either of the

following:

where (Eq. 5.2-1)

or

where (Eq. 5.2-2)

where

Ft � tensile stress permitted;
Fy � specified minimum yield stress;
Fu � specified minimum tensile stress;
P � axial tension force on member;

Ag � gross cross-sectional area; and
An � net cross-sectional area.

5.2.3 Compression
Members subjected to compressive forces shall 

be checked for general stability and local buckling.
The compressive stresses shall not exceed those per-
mitted in the following sections.

5.2.3.1 Truss Members
For truss members with a uniform closed cross

section, the actual compressive stress, fa, shall not
exceed the compressive stress permitted, Fa, as deter-
mined by the following:

when

(Eq. 5.2-3)

when (Eq. 5.2-4)

(Eq. 5.2-5)Cc � ��2E

Fy

KL

r
� CcFa �

� 2E

�KL

r �2

KL

r
� CcFa � Fy

�1 � 0.5�KL

r

Cc

�2 �

Ft � 0.83Fu

P

An

� Ft

Ft � Fy

P

Ag

� Ft

�29�C�20�F

where

Fa � compressive stress permitted;
Fy � specified minimum yield stress;
E � modulus of elasticity;
L � unbraced length;
r � governing radius of gyration; and

K � effective length factor.

is the largest slenderness ratio of any unbraced
segment.

Truss members made of angles shall be designed
in accordance with Section 3.7 of ASCE 10 (503).

5.2.3.2 Beam Members
The limiting values of and specified in

this section may be exceeded without requiring a
reduction in extreme fiber stress if local buckling sta-
bility is demonstrated by an adequate program of tests.

5.2.3.2.1 Regular Polygonal Members For formed,
regular polygonal tubular members, the compressive
stress, , on the extreme fiber shall not
exceed the following:

Octagonal, hexagonal, or rectangular members
(bend angle )

when (Eq. 5.2-6)

when (Eq. 5.2-7)

when

(Eq. 5.2-8)

Dodecagonal members (bend angle )

when (Eq. 5.2-9)

when (Eq. 5.2-10)

when (Eq. 5.2-11)
w

t
�

374�

�Fy

Fa �
104,980�

�w

t �2

240�

�Fy

	
w

t
�

374�

�Fy

Fa � 1.45Fy�1.0 � 0.00129
1

�
�Fy

w

t �
w

t
�

240�

�Fy

Fa � Fy

� 30�

w

t
�
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�Fy

Fa �
104,980�

�w

t �2

260�

�Fy

	
w

t
�

351�

�Fy

Fa � 1.42Fy�1.0 � 0.00114
1

�
�Fy

w

t �
w

t
�
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�Fy
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Hexdecagonal members (bend angle )

when (Eq. 5.2-12)

when (Eq. 5.2-13)

when (Eq. 5.2-14)

where

Fy � specified minimum yield stress;
Fa � compressive stress permitted;
w � flat width of a side;
t � wall thickness;

� � 1.0 for Fy or Fa in ksi (2.62 for Fy or Fa

in Mpa); and
� � 1.0 for Fa in ksi (6.90 for Fa in Mpa).

In determining w, the actual inside bend radius
shall be used unless it exceeds 4t, in which case it
shall be taken equal to 4t. For sections with two or
more plies, this criterion shall be satisfied for 
each ply.

Table 5-1 summarizes the equations that shall be
used to determine the compressive stress permitted
based on bend angle and axial stress.

5.2.3.2.2 Rectangular Members Eqs. 5.2-6, 5.2-7, and
5.2-8 shall be used for rectangular members. The flat
width associated with each side shall be treated sepa-
rately. If the axial stress, fa, is greater than 1 ksi
(6.9 MPa), Eqs. 5.2-9, 5.2-10, and 5.2-11 shall be used.

5.2.3.2.3 Polygonal Elliptical Members The bend
angle and flat width associated with elliptical cross
sections are not constant. The smallest bend angle
associated with a particular flat shall be used to deter-

w

t
�

412�

�Fy

Fa �
104,980�

�w

t �2

215�

�Fy

	
w

t
�

412�

�Fy

Fa � 1.42Fy�1.0 � 0.00137
1

�
�Fy

w

t �
w

t
�

215�

�Fy

Fa � Fy

� 22.5�
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mine the compressive stress permitted. See Table 5.1
to determine which equations shall be used based on
this bend angle.

5.2.3.2.4 Round Members For round members or reg-
ular polygonal members with more than sixteen sides,
the compressive stress shall not exceed the following:

(Eq. 5.2-15)

where

fa � compressive stress due to axial loads;
fb � compressive stress due to bending moments;

Fa � compressive stress permitted; and
Fb � bending stress permitted.

when (Eq. 5.2-16)

when (Eq. 5.2-17)

when (Eq. 5.2-18)

when (Eq. 5.2-19)

where

Do � outside diameter of the tubular section (flat-to-
flat outside diameter for polygonal members); 

t � wall thickness; and
� � 1.0 for Fy, Fa, or Fb in ksi (6.90 for Fy, Fa, or 

Fb in MPa).

6000�
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t
�
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t
�
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t
�
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Fy

Fa � 0.75Fy �
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t

Do

t
�
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�
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TABLE 5-1. Compressive Stress Permitted Based on Bend Angle

Bend Angle Fa Equation

ksi (6.9 MPa) 5.2-6, 5.2-7, 5.2-8
ksi (6.9 MPa) 5.2-9, 5.2-10, 5.2-11

but N.A. 5-2-9, 5-2-10, 5-2-11
but N.A. 5.2-12, 5.2-13, 5.2-14

N.A. 5.2-15, 5.2-16, 5.2-17, 5.2-18, 5.2-19	 22.5�
	 30�
 22.5�

	 45�
 30�
� 1
 45�
� 1
 45�
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5.2.4 Shear
The shear stress resulting from applied shear

forces, torsional shear, or a combination of the two
shall not exceed the following:

where (Eq. 5.2-20)

where

Fy � specified minimum yield stress;
Fv � shear stress permitted;
V � shear force;
Q � moment of section about neutral axis;
I � moment of inertia;
T � torsional moment;
J � torsional constant of cross section;
c � distance from neutral axis to extreme fiber; and
b � 2 times wall thickness (t).

5.2.5 Bending
The stress resulting from bending shall not exceed

either of the following:

(Eq. 5.2-21)

or

(Eq. 5.2-22)

where

Ft � tensile stress permitted;
Fa � compressive stress permitted;

I � moment of inertia;
M � bending moment; and
c � distance from neutral axis to extreme fiber.

5.2.6 Combined Stresses
For a polygonal member, the combined stress at

any point on the cross section shall not exceed the 
following:

or (Eq. 5.2-23)

For a round member, the combined stress at any point
on the cross section shall not exceed the following:

or (Eq. 5.2-24)Fb

��P
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Iy
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��P
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Iy
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�
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J �2�	1/2

� Ft

Mc

I
� Fa

Mc

I
� Ft

Fv � 0.58Fy

VQ

Ib
�

Tc

J
� Fv

where

Fa � compressive stress permitted by Section 5.2.3.2.1;
Fb � bending stress permitted by Section 5.2.3.2.4;
Ft � tensile stress permitted by Section 5.2.2;
P � axial force on member;
A � cross-sectional area;

Mx � bending moment about X-X axis;
My � bending moment about Y-Y axis;

Ix � moment of inertia about X-X axis;
Iy � moment of inertia about Y-Y axis;
cx � distance from Y-Y axis to point where stress is

checked;
cy � distance from X-X axis to point where stress is

checked;
V � total resultant shear force;
Q � moment of section about neutral axis;
I � moment of inertia;
T � torsional moment;
J � torsional constant of cross section;
c � distance from neutral axis to point where stress

is checked; and
t � wall thickness.

The bending stress and shear stress 
portions of these equations shall be absolute values
(i.e., always positive). The same equation shall be 
used to check tension and compression stresses. When
checking tension, is positive if the member is in
tension and negative if the member is in compression.
The converse is true when checking compression.

5.3 GUYS

5.3.1 Material Properties
The minimum rated breaking strength of guys

shall be determined according to the appropriate
ASTM specification or as specified by the Owner. The
modulus of elasticity, E, of a guy shall be as specified
by the applicable ASTM specification or as specified
by the Owner. In the absence of a specified value, E
shall be assumed to be 23,000 ksi (159 GPa).

5.3.2 Tension
The maximum design tension force in a guy shall

not exceed the following:

where (Eq. 5.3-1)

where

P � tension force in the guy;
Pmax � maximum tension force permitted in the guy;

and
RBS � minimum rated breaking strength of the guy.

Pmax � 0.65 RBSP � Pmax

P�A

	Mc�I
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5.4 TEST VERIFICATION

Design values other than those prescribed in this sec-
tion can be used if substantiated by experimental or
analytical investigations.

6.0 DESIGN OF CONNECTIONS

6.1 INTRODUCTION

The design stresses for connections shall be based on
ultimate strength methods using factored design loads.

6.2 BOLTED AND PINNED CONNECTIONS

For bolted connections, these provisions shall pertain
to holes with diameters a maximum of 0.125 in.
(3 mm) larger than the nominal bolt diameter (except
for anchor bolt holes). For pinned connections, the
ratio of the diameter of the hole to the diameter of 
the pin shall be less than 2. 

6.2.1 Materials
Materials conforming to the following standard

specifications are suitable for use under this standard:

ASTM A325, Standard Specification for
Structural Bolts, Steel, Heat Treated, 120�105 ksi
Minimum Tensile Strength;

ASTM A325M, Standard Specification for
Structural Bolts, Steel Heat Treated 830 MPa
Minimum Tensile Strength [Metric];

ASTM A307, Standard Specification for Carbon
Steel Bolts and Studs, 60,000 psi Tensile Strength;

ASTM A354, Standard Specification for
Quenched and Tempered Alloy Steel Bolts, Studs, and
Other Externally Threaded Fasteners;

ASTM A394, Standard Specification for Steel
Transmission Tower Bolts, Zinc-Coated and Bare;

ASTM A449, Standard Specification for
Quenched and Tempered Steel Bolts and Studs;

ASTM A490, Standard Specification for
Structural Bolts, Alloy Steel, Heat Treated, 150 ksi
Minimum Tensile Strength;

ASTM A490M, Standard Specification for High-
Strength Steel Bolts, Classes 10.9 and 10.9.3, for
Structural Steel Joints [Metric];

ASTM A563, Standard Specification for Carbon
and Alloy Steel Nuts; and

ASTM A563M, Standard Specification for Carbon
and Alloy Steel Nuts [Metric].

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

This listing of suitable steels does not exclude the
use of other steels that conform to the chemical and
mechanical properties of one of the listed specifica-
tions or other published specifications, which establish
the properties and suitability of the material.

6.2.2 Shear Stress in Bearing Connections
The shear stress for bolts and pins shall not

exceed the following:

where (Eq. 6.2-1)

where

V � shear force (bolt or pin);
A � either Ag or Ar;

Ag � gross cross-sectional area of the shank (bolt or
pin);

Ar � cross-sectional area at root of the threads;
Fv � shear stress permitted (bolt or pin); and
Fu � specified minimum tensile stress 

(bolt or pin).

Ar shall be used if the shear plane passes through the
threads, and Ag may be used if the threads are
excluded from the shear plane.

6.2.3 Bolts Subject to Tension
The values for tensile stress, proof-load stress, and

yield stress shall be the specified minimum values as
given in the applicable ASTM specification.

Bolts shall be proportioned so that the sum of 
the tensile stresses caused by the applied external 
load and any tensile stress resulting from prying 
action does not exceed the permitted tensile stress, Ft,
as follows:

1. For bolts having a specified proof-load stress, Ft

shall equal the lowest value of ASTM proof-load
stress by the length-measurement method, or
0.83Fu (where Fu is the specified minimum tensile
stress of the bolt).

2. For bolts with no specified proof-load stress but a
specified yield stress, Ft shall equal the lowest
value of Fy, where Fy is the specified yield stress,
or 0.83Fu (where Fu is the specified minimum ten-
sile stress of the bolt).

3. For bolts with no specified proof-load stress or
yield stress, Ft shall equal 0.60Fu, where Fu is the
specified minimum tensile stress of the bolt.

(Eq. 6.2-2)
Ts

As

� Ft

Fv � 0.45 Fu

V

A
� Fv
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The stress area, As, is given by

(Eq. 6.2-3)

where

Ts � bolt tensile force;
D � nominal diameter of the bolt; and
n � number of threads per unit of length.

6.2.4 Bolts Subject to Combined Shear and Tension
For bolts subject to combined shear and tension,

the permitted axial tensile stress in conjunction with
shear stress, Ft(v), shall be

(Eq. 6.2-4)

where

Fv � shear stress permitted defined in Section 6.2.2;
Ft � tensile stress permitted defined in Section 6.2.3;

and
fv � shear stress on effective area.

The combined tensile and shear stresses shall be
taken at the same cross section in the bolt.

6.2.5 Bearing Stress in Bolted Connections
The maximum bearing stress shall satisfy the 

following condition:

(Eq. 6.2-5)

where

fbr � bearing stress;
P � force transmitted by the bolt;
d � nominal diameter of the bolt;
t � member thickness; and

Fu � specified minimum tensile stress of the member.

6.2.6 Minimum Edge Distances and Bolt Spacing
for Bolted Connections

Minimum edge distances shall satisfy the follow-
ing conditions:

(Eq. 6.2-6)

(Eq. 6.2-7)

(Eq. 6.2-8)Le � t �
d

2

Le � 1.3d

Le �
1.2P

Fut

fbr �
P

dt
� 1.5 Fu

Ft(v) � Ft �1 � � fv

Fv
�2

As �
�

4 �d �
0.9743

n �2

and

(Eq. 6.2-9)

Minimum bolt spacing shall satisfy the following 
condition:

(Eq. 6.2-10)

where

P � force transmitted by the bolt;
Le � minimum edge distance, parallel to the load,

from the center of the hole to the edge of the
member;

d � nominal diameter of the bolt;
dh � diameter of the hole;

t � member thickness;
Fu � specified minimum tensile stress of the 

member;
Fy � specified minimum yield stress of the 

member; and
s � minimum center-to-center spacing between

bolts.

6.2.7 Bearing Stress in Pinned Connections
The maximum bearing stress shall satisfy the 

following condition:

(Eq. 6.2-11)

where

fbr � bearing stress;
P � force transmitted by the pin;
d � nominal diameter of the pin;
t � member thickness; and

Fu � specified minimum tensile stress of the 
member.

6.2.8 Minimum Edge Distances for Pinned
Connections

Minimum edge distances shall satisfy the follow-
ing conditions:

(Eq. 6.2-12)

and

(Eq. 6.2-13)Le �
1

2 � P

0.375Fut
� dh�

Ls �
1

2 � P

0.75Fyt
� dh�

fbr �
P

dt
� 1.35 Fu

s 
 2.67 d

Le �
1

2 � P

0.58Fyt
� dh�
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where

P � force transmitted by the pin;
Le � minimum edge distance, parallel to the load,

from the center of the hole to the edge of the
member;

Ls � minimum edge distance, perpendicular to the
load, from the center of the hole to the edge 
of the member;

dh � diameter of the attachment hole;
t � member thickness;

Fy � specified minimum yield stress of the member;
and

Fu � specified minimum tensile stress of the member.

6.3 WELDED CONNECTIONS

6.3.1 Material Properties
The nominal tensile strength of weld metals shall

be based on the minimum values as established in the
AWS D1.1. Weld material shall be compatible with the
base material as specified in the AWS D1.1. Welding
electrodes shall meet the same Charpy impact require-
ments as the base material.

6.3.2 Effective Area
Except for plug and slot welds, the effective area

of a weld joint shall be equal to the effective length of

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

the weld times the effective throat thickness. For plug
and slot welds, the effective area shall be considered
to be the nominal cross-sectional area of the hole or
slot in the plane of the faying surface.

The effective length of a groove weld shall be
equal to the width of the connected part. The effective
throat of a complete penetration groove weld shall be
equal to the thickness of the thinner connected part.
The effective throat thickness of partial penetration
groove welds is listed in Table 6-1. The effective
throat thickness for flare groove welds is listed in
Table 6-2.

Except for welds in holes and slots, the effective
length of a fillet weld shall be the overall length of a
full-size fillet, including returns. For fillet welds in
holes and slots, the effective length shall be the length
of the center line of the weld through the center of the
plane through the throat. In the case of overlapping 
fillets, the effective area shall not exceed the nominal
cross-sectional area of the hole or slot in the plane of
the faying surface.

The effective throat thickness of a fillet weld 
shall be the shortest distance from the root to the 
face of the diagrammatic weld. For fillets made by 
the submerged arc process, the effective throat 
shall be equal to the leg size for 0.375 in. (9.5 mm)
and smaller fillets and equal to the theoretical throat
plus 0.11 in. (2.8 mm) for fillets over 0.375 in.
(9.5 mm).

10

TABLE 6-1. Effective Throat Thickness of Partial Penetration Groove Welds

Included Angle at Effective Throat
Welding Process Welding Position Root of Groove Thickness

Shielded metal arc or submerged arc All but Depth of chamfer minus 1�8 in. (3.2 mm)
Depth of chamfer 

Gas metal arc or flux cored arc All Depth of chamfer
Horizontal or flat but Depth of chamfer
Vertical or overhead but Depth of chamfer minus 1�8 in. (3.2 mm) 

Electrogas All Depth of chamfer� 60�


 45�	 60�

 45�	 60�


 60�


 60�

 45�	 60�

TABLE 6-2. Effective Throat Thickness of Flare Groove Welds

Type of Weld Radius (R) of Bar or Bend Effective Throat Thickness

Flare-bevel-groove All 5�16R
Flare-V-groove All 1�2Ra

aUse 3�8R for Gas Metal Arc Welding (except short circuiting transfer process) when 
R 
 1�2 in. (12.7 mm). 
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6.3.3 Design Stresses
Design stresses for welds shall conform to the fol-

lowing: Table 6-3—Complete Penetration Groove Welds;
Table 6-4—Fillet Welds; Table 6-5—Partial Penetration
Groove Welds; and Table 6-6—Plug and Slot Welds.

In the case where the base metals are of different
strengths, the lowest grade of base metal shall be used
for the weld design.

ASCE/SEI 48-05
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TABLE 6-3. Complete Penetration Groove Welds

Type of Weld & Stressa Design Stress Required Weld Strength Levelb,c

Tension normal to effective area Same as base metal “Matching” weld metal must be used

Compression normal to effective area Same as base metal

Tension or compression parallel to axis of weld Same as base metal

Shear on effective area 0.50X nominal tensile strength of Weld metal with a strength level equal 
weld metal, except shear stress on to or less than “matching” weld metal 
base metal shall not exceed 0.58X may be used 
yield stress of base metal

aFor definition of effective area, see Section 6.3.2.
bFor “matching” weld metal, see Table 4.1, AWS D1.1.
cWeld metal one strength level higher than “matching” weld metal will be permitted.

TABLE 6-4. Fillet Welds

Type of Weld & Stressa Design Stress Required Weld Strength Levelb,c

Shear on effective area 0.50X nominal tensile strength of Weld metal with a strength level equal 
weld metal, except shear stress on to or less than “matching” weld metal 
base metal shall not exceed 0.58X may be used 
yield stress of base metal

Tension or compression parallel to axis of weld Same as base metal

aFor definition of effective area, see Section 6.3.2.
bFor “matching” weld metal, see Table 4.1, AWS D1.1.
cWeld metal one strength level higher than “matching” weld metal will be permitted.

TABLE 6-5. Partial Penetration Groove Welds

Type of Weld & Stressa Design Stress Required Weld Strength Levelb,c

Compression normal to effective area Same as base metal

Tension or compression parallel to axis of weld Same as base metal

Shear parallel to axis of weld 0.50X nominal tensile strength of 
weld metal, except shear stress on 
base metal shall not exceed 0.58X
yield stress of base metal

Tension normal to effective area 0.50X nominal tensile strength of Weld metal with a strength level equal 
weld metal, except shear stress on to or less than “matching” weld metal 
base metal shall not exceed 1.0X may be used
yield stress of base metal or 36 ksi 
(248 MPa), whichever is less

aFor definition of effective area, see Section 6.3.2.
bFor “matching” weld metal, see Table 4.1, AWS D1.1.
cWeld metal one strength level higher than “matching” weld metal will be permitted.
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6.3.3.1 Through-Thickness Stress
Maximum design through-thickness stress shall be

36 ksi (248 MPa) for all grades of steel.

6.3.4 Circumferential Welded Splices
Complete penetration (100%) welds shall be 

used for sections joined by circumferential welds.
Longitudinal welds within 3 in. (76 mm) of circumfer-
ential welds shall have complete fusion through the
section thickness and complete joint penetration for
processes using weld metal.

6.3.5 Flange and Base Plate to Pole Shaft Welds
Flange and base plate to pole shaft welds shall 

be complete penetration (100%) groove welds with
reinforcing fillet to satisfy the requirements for
through-thickness stresses in the flange or base plates.
Longitudinal welds within 3 in. (76 mm) of a flange
plate or base plate weld shall have complete fusion
through the section thickness and complete joint 
penetration for processes using weld metal.

6.3.6 T-joints
T-joints shall satisfy the requirements for through-

thickness stresses.

6.4 FIELD CONNECTIONS OF MEMBERS

6.4.1 Slip Joints
Slip joints shall be designed to resist the maxi-

mum forces and moments at the connection. As a min-
imum, slip joints shall be designed to resist 50% of the
moment capacity of the lower strength tube. Taper
above and below the slip joint shall be the same.

Supplemental locking devices shall be used if rel-
ative movement of the joint is critical or if the joint
might be subjected to uplift forces. In resisting uplift
forces, locking devices shall be designed to resist
100% of the maximum uplift load. The female section
longitudinal seam weld in the area of the splice shall
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have complete fusion through the section thickness
and complete joint penetration for processes using
weld metal for a length equal to the maximum lap
dimension.

6.4.2 Base and Flange Plate Connections
Flexural stress in the base or flange plate shall not

exceed the specified minimum yield stress, Fy, of the
plate material. Base and flange plate connections shall
be designed to resist the maximum forces and moments
at the connection. As a minimum, base and flange plate
connections shall be designed to resist 50% of the
moment capacity of the lowest strength tube.

6.5 TEST VERIFICATION

Design values other than those prescribed in this sec-
tion may be used if substantiated by experimental or
analytical investigations.

7.0 DETAILING AND FABRICATION

7.1 DETAILING

7.1.1 Drawings
Drawings consist of erection and shop detail

drawings. If shop detail drawings are provided by the
Owner, the Owner shall be responsible for the com-
pleteness and accuracy of these drawings. If shop
detail drawings are prepared by the Fabricator, the
Fabricator shall be responsible for conveying the
dimensions and details from the design and contract
documents, the correctness of dimensional calculations
performed in preparing the drawings, and the general
fit-up of parts to be assembled in the field.

7.1.2 Drawing Review
Drawings shall be reviewed by the Structure

Designer regarding the strength requirements of the
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TABLE 6-6. Plug and Slot Welds

Type of Weld & Stressa Design Stress Required Weld Strength Levelb,c

Shear parallel to faying surfaces 0.50X nominal tensile strength of Weld metal with a strength level equal 
(on effective area) weld metal, except shear stress on to or less than “matching” weld metal 

base metal shall not exceed 0.58X may be used
yield stress of base metal

aFor definition of effective area, see Section 6.3.2.
bFor “matching” weld metal, see Table 4.1, AWS D1.1.
cWeld metal one strength level higher than “matching” weld metal will be permitted.
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design and compliance with the Owner’s specification.
Drawings prepared by the Fabricator shall be submit-
ted to the Owner for review.

7.1.3 Erection Drawings
Erection drawings shall show the complete field

assembly of the structure, clearly indicating the posi-
tioning of the components, including fasteners. The
identification markings for each component shall be
indicated on the drawing. Fasteners shall be identified
by grade, length, and diameter for bolts and grade and
diameter for nuts and washers.

The erection drawings shall include a bill-of-
material of all components for the structure, including
the weight of each component. The erection drawings
shall provide instructions for slip joint assembly, bolt
tightening, and field welding where applicable.

7.1.4 Shop Detail Drawings
Shop detail drawings shall show all fabrication

requirements, including material, dimensions, welding,
shop applied finish, and any specific processing
requirements, including those of the contract and
applicable codes. They shall be shown either by
assembled section or as piece by piece. The drawings
shall indicate the piece mark of each component.

7.1.4.1 Material
Shop detail drawings shall specify member and

connection materials, such as ASTM specification 
and grade designation.

7.1.4.2 Dimensions and Tolerances
Dimensioning practices, including tolerances,

shall ensure compliance with clearance, appearance,
strength, and assembly requirements. Proper mating 
of components detailed and supplied by one fabricator
shall be the responsibility of that fabricator.

7.1.4.3 Welding
Welding shall be detailed in accordance with the

AWS D1.1 Code including weld symbols. Only weld
details that are prequalified or qualified in accordance
with the AWS D1.1 Code shall be used. Appropriate
detailing practices shall be used to ensure that the
required penetration is achievable.

7.1.4.4 Corrosion and Finish Considerations
When shop finish is specified in the contract 

documents, the requirements and specifications for
surface preparation, painting, galvanizing, and/or 
metallizing requirements shall be shown on the 
drawings.

Details for weathering steel structures shall 
be designed to avoid uncoated pockets, crevices, and
faying surfaces that can collect and retain water,
damp debris, and moisture. Weld backing for 
unsealed weathering steel structures shall be 
weathering steel.

7.1.4.5 Other Requirements
Specific requirements and limitations of the con-

tract documents and applicable codes shall be shown
on the drawings.

7.2 FABRICATION

Fabrication shall be performed in compliance with the
shop detail drawings. The Fabricator shall be responsi-
ble for the means, methods, techniques, sequences,
and procedures of fabrication. Safety precautions and
programs for fabrication shall be the responsibility of
the Fabricator.

7.2.1 Material
The Fabricator shall maintain a system, including

records, that will verify that the structural steel fur-
nished meets the specified requirements. Certified test
reports from the plate or coil mills and from suppliers
of bolts, welding electrode, and other materials shall
constitute sufficient evidence of conformity. The
Fabricator shall accurately identify all material to
ensure proper usage.

7.2.2 Material Preparation

7.2.2.1 Cutting
Parts shall be cut in accordance with AWS D1.1.

Burrs or sharp notches that are detrimental to the
structure or that pose a safety hazard shall be removed.
Reentry cuts shall be rounded.

7.2.2.2 Forming
Care shall be taken during forming to prevent sep-

aration of the outer surface and reduction of the cross-
sectional properties below those required by design. If
separation occurs during bending, it shall be repaired
in accordance with AWS D1.1. Loosening of mill
scale shall not be considered a separation.

When hot bending is required, heating shall be
done evenly over the entire bend area and shall be of
sufficient temperature to minimize separation and
necking down of the cross section. The temperature
used in hot bending shall be such that the physical
properties of the steel are not diminished.

ASCE/SEI 48-05
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7.2.2.3 Holes
Bolt holes shall have the correct shape and align-

ment in accordance with connection details, be free of
burrs, and be clean cut without torn or ragged edges.

7.2.2.4 Identification
All components shall be clearly marked.

7.2.3 Welding
All welding shall be performed by welders, weld-

ing operators, and tackers qualified for the type of
welding to be performed. All welding and qualifica-
tions shall be in accordance with the applicable
requirements of AWS D1.1 and AWS D1.3. Preheat
and interpass temperatures shall be in accordance with
AWS D1.1 or the steel manufacturer’s recommenda-
tions. Longitudinal seam welds shall have 60 percent
minimum penetration (except as specified in
Sections 6.3.4, 6.3.5, and 6.4.1).

8.0 TESTING

8.1 INTRODUCTION

The Owner shall specify in the contract documents
which structures or components of a structure will be
tested. If a proof test of a structure or structure compo-
nent is specified, the test shall be performed on a full-
size prototype of the structure or structure component
in accordance with the following sections.

8.2 FOUNDATIONS

The Structure Designer shall approve the support con-
ditions used for testing. 

8.3 MATERIAL

The prototype shall be made of material that is repre-
sentative of the material that will be used in produc-
tion. Mill test reports shall be available for each major
component in the test structure. When mill test reports
are unavailable, coupon tests are required. Coupon tests
shall be performed in accordance with ASTM A370.

8.4 FABRICATION

Fabrication of the prototype shall be done in the same
manner as for the production structure.
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8.5 STRAIN MEASUREMENTS

The Owner shall specify if any special strain determi-
nation methods are required for the prototype and
identify those components to be strain gaged.

8.6 ASSEMBLY AND ERECTION

The assembly method of the prototype shall be
approved by the Owner. The completed test structure
shall be erected within the tolerances established by
the Owner. 

8.7 TEST LOADS

The Owner shall specify in the contract documents
which load cases shall be tested as a minimum and if
the structure is to be tested to destruction. The test
loads shall be the factored design loads.

8.8 LOAD APPLICATION

Load lines shall be attached to the load points on the
prototype in a manner that simulates the in-service
application as close as possible. The attachment hard-
ware for the test shall have the same degrees of free-
dom as the in-service hardware. Wind-on-structure
loads shall be applied as concentrated loads at selected
points on the structure. Load application shall consider
the deflected position of the structure.

8.9 LOADING PROCEDURE

The sequence of load cases tested shall be specified by
the Structure Designer and approved by the Owner.

Loading shall be stopped at preselected load 
levels to allow time for reading deflections and to 
permit observation of the test to check for signs of
structural distress. 

8.10 LOAD MEASUREMENT

Loads shall be measured through a verifiable 
arrangement of strain devices or by predetermined
dead weights. Load-measuring devices shall be used 
in accordance with manufacturer’s recommendations 
and calibrated prior to and after the conclusion of 
testing.
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8.11 DEFLECTIONS

At the locations specified by the Structure Designer
and approved by the Owner, deflections of prototypes
under load shall be measured and recorded by the test
engineer. Deflection readings shall be made for the
“before” and “off” load conditions as well as at each
intermediate hold during loading. All deflections shall
be referenced to common base readings taken before
the first test loads are applied.

8.12 FAILURES

When failure occurs before application of 100% of the
factored design loads, the cause of the failure, the cor-
rective measures to be taken, and the need for a retest
shall be determined by the Structure Designer and
approved by the Owner.

8.13 POSTTEST INSPECTION

The prototype shall be inspected after testing. Welds
shall be inspected in accordance with the normal fabri-
cation procedures. Visual inspection for any signs of
structural damage shall be conducted by the Test
Engineer.

8.14 DISPOSITION OF PROTOTYPE

The contract document shall state the disposition of
the prototype after the test is completed.

8.15 REPORT

The testing organization shall furnish the number 
of copies of the test report as required by the con-
tract document. The test report shall describe the 
test procedure, test results, and any remedial action
taken.

9.0 STRUCTURAL MEMBERS AND 
CONNECTIONS USED IN FOUNDATIONS

9.1 INTRODUCTION

This section specifies design procedures for steel
members and connections embedded in concrete or
other backfill material. This section is not intended to

serve as a foundation design guide. It is the responsi-
bility of the Owner to ensure adequate geotechnical
design.

9.2 GENERAL CONSIDERATIONS

As applicable, the Owner shall include the following
in the specifications:

1. Foundation type,
2. Depth to point of foundation fixity,
3. Design limit for foundation rotation or 

deflection,
4. Foundation reveal,
5. Coating requirements,
6. Grounding requirements,
7. Concrete or backfill material strength,
8. Corrosion protection,
9. Other special requirements.

9.3 ANCHOR BOLTS

Anchor bolts shall be designed to transfer the tensile,
compressive, and shear loads to the concrete by ade-
quate embedment length or by the end connection.
Impact properties in the longitudinal direction of all
anchor bolt materials shall be determined in accor-
dance with the Charpy V-notch test described in
ASTM A370 and, at a minimum, shall meet the
requirements of 15 ft-lb (20 J) absorbed energy at a
temperature of ( ).

9.3.1 Bolts Subject to Tension
The tensile, proof-load, and yield stresses shall be

specified minimum values determined according to the
ASTM specification for the material involved.

Bolts shall be designed so that the sum of the 
tensile stresses caused by the applied external load
and any tensile stress resulting from prying action

does not exceed the tensile stress permitted, Ft, as 
follows:

1. For bolts having a specified proof-load stress, Ft

shall equal the lowest value of ASTM proof-load
stress by the length-measurement method or
0.83Fu, where Fu is the specified minimum tensile
stress of the bolt.

2. For bolts with no specified proof-load stress but a
specified yield stress, Ft shall equal the lowest
value of Fy, where Fy is the specified yield stress,
or 0.83Fu, where Fu is the specified minimum ten-
sile stress of the bolt.

�29�C�20�F
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For bolts with no specified proof-load stress or yield
stress, Ft shall equal 0.60Fu, where Fu is the specified
minimum tensile stress of bolt.

(Eq. 9.3-1)

where the stress area, As, is given by

(Eq. 9.3-2)

where

Ts � bolt tensile force; 
d � nominal diameter of the bolt; and
n � number of threads per unit of length.

9.3.2 Shear Stress
The shear stress for anchor bolts shall be deter-

mined as follows:

(Eq. 9.3-3)

where

V � shear force on bolt;
As � , tensile stress area of 

bolt;
Fv � shear stress permitted;
Fy � specified minimum yield stress of bolt material;
d � nominal diameter of the bolt; and
n � number of threads per unit of length.

9.3.3 Combined Shear and Tension
For bolts subject to combined shear and tension,

the permitted axial tensile stress in conjunction with
shear stress, Ft(v), shall be

(Eq. 9.3-4)

where

Fv � shear stress permitted defined in Section 9.3.2;
Ft � tensile stress permitted defined in

Section 9.3.1; and
fv � shear stress on effective area.

The combined tensile and shear stresses shall be taken
at the same cross section in the bolt.

9.3.4 Development Length
The Owner shall provide a minimum of 3 in.

(76 mm) clear concrete cover. The development length

Ft	v
 � Ft�1 � � fv

Fv
�2

��4	d � 0.9743�n
2

V

As

� Fv � 0.65 Fy

AS �
�

4 �d �
0.9743

n �2

Ts

As

� Ft
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for the threaded reinforcing bar used as anchor bolts
shall be calculated as follows:

(Eq. 9.3-5)

where

Ld � minimum development length (embedment) of
anchor bolt; and 

ld � basic development length of anchor bolt.

The basic development length for the bolt shall be as
follows:

for bars up to and including #11 (35M), use the larger of

(Eq. 9.3-6)

or

(Eq. 9.3-7)

for #14 (45M) bars

(Eq. 9.3-8)

for #18 and #18J (55M) bars

(Eq. 9.3-9)

where

Ag � gross area of anchor bolt;
As(req’d) � required tensile stress area of bolt;

Fy � specified minimum yield stress of anchor
bolt;

f�c � specified compressive strength of concrete;
d � anchor bolt diameter;

 � 1.00 for Fy and f�c in ksi and Ag in in.2,

and 0.0150 for Fy and f�c in MPa and Ag

in mm2;
� � 1.00 for Fy in ksi and d in in., and 0.145 for

Fy in MPa and d in mm;
� � 1.00 for Fy and f�c in ksi and 9.67 for Fy and

f�c in MPa;
� � 1.0 if Fy � 60 ksi (414 MPa), or 1.2 if 

Fy � 75 ksi (517 MPa);
� � 0.8 if the bolt spacing up to and including

6 in. (152 mm) on center, or 1.0 if the bolt
spacing less than 6 in. (152 mm) on center;
and

� � .As	req'd
�Ag

ld �
3.52�Fy

�f�c

ld �
2.69�Fy

�f�c

ld � 0.400�dFy

ld �
1.27
AgFy

�f�c

Ld � ld���
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9.4 DIRECT-EMBEDDED POLES

The embedded section shall be designed to resist the
overturning moment, shear, and axial loads. The length
of the section of the pole below the groundline shall
be determined using a lateral resistance approach. The
Owner shall be responsible for supplying the Structure
Designer information regarding the embedment depth,
allowable foundation rotation, and design point of fix-
ity of the embedded section.

9.5 EMBEDDED CASINGS

The casing shall be designed to resist all design loads.
The length of the embedded casing below the ground-
line shall be determined using a lateral resistance
approach. The Owner shall be responsible for supply-
ing the Structure Designer information regarding the
embedment depth, allowable foundation rotation,
design point of fixity of the embedded section, vibra-
tory installation forces, vibratory device attachment,
and method of steel pole attachment. 

9.6 TEST VERIFICATION

Design values other than those prescribed in this sec-
tion may be used if substantiated by experimental or
analytical investigations.

10.0 QUALITY ASSURANCE/QUALITY 
CONTROL

10.1 INTRODUCTION

The contract between the Owner and the Fabricator shall
state the responsibility of each party and the conditions
under which the work will be accepted or rejected.

10.2 QUALITY ASSURANCE

Quality assurance (QA) is the responsibility of the
Owner. The specifying and implementation of quality
assurance requirements by the Owner shall not relieve
the Fabricator of responsibility in producing a product
in accordance with this standard.

10.2.1 Design and Drawings
The quality assurance specification shall indicate

the procedure for review of the design concept, design

calculations, stress analyses, and the Fabricator’s
drawings.

10.2.2 Materials
The quality assurance specification shall specify

the requirements for review and agreement on the
Fabricator’s material specifications, supply sources,
material identification, storage, traceability proce-
dures, and acceptance of certified mill test reports.

10.2.3 Welding
The quality assurance specification shall include

requirements for the review of, and agreement on,
welders’ qualification and certification procedures,
including a list of welders certified for the work to be
performed. The quality assurance specification shall
establish the process for acceptance of welding proce-
dures for each type of weld and the method used to
determine that the procedure will be performed with
satisfactory quality control.

10.2.4 Nondestructive Testing
The quality assurance specification shall indicate

the requirement for acceptance of the type and 
procedure of nondestructive testing and inspection
programs employed during each step in the fabrica-
tion processes.

10.2.5 Tolerances
Fabrication tolerances shall be specified and

agreed upon by the Owner and the Fabricator.

10.2.6 Surface Coatings
When painting is specified, the paint system, pro-

cedures, and methods of application shall be agreed
upon by both the Owner and the Fabricator. The
selected paint system shall be suitable for both the
product and its intended exposure.

When galvanizing is specified, the procedure and
facilities shall be agreed upon by the Owner and the
Fabricator. Inspection rights and privileges, proce-
dures, and acceptance or rejection of galvanized steel
material shall conform to ASTM A123, A143, A153,
and A385 as applicable. When metallizing is specified,
the procedure and facilities shall be in accordance with
the coating vendor’s recommendations and be accept-
able to both the Owner and the Fabricator. When bare
weathering steel is specified, the need for and degree
of blast cleaning the steel shall be agreed upon by the
Owner and the Fabricator.

The quality assurance specification shall establish
inspection rights, privileges, and procedures for evalu-
ating the surface coating.
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10.2.7 Shipping
When receiving material, all products shall be

inspected for shipping damage prior to accepting
delivery. If damage is apparent, the Owner shall imme-
diately notify both the delivering carrier and the
Fabricator.

10.3 QUALITY CONTROL

Quality control (QC) is the responsibility of the
Fabricator. The Fabricator shall have a QC program
consisting of a written document that establishes the
procedures and methods of operation that affect 
the quality of the work. The QC functions shall be
clearly defined and available for review and approval
by the Owner. The QC program shall verify that the
product meets the level of quality established by the
Fabricator’s standards and the Owner’s specification.
The QC program shall establish procedures for 
maintaining records of all pertinent information 
on all components.

10.3.1 Materials
The quality control program shall specify the

review requirements of all materials that are used in
the fabricating and coating of the complete structure,
all mill test reports for material compliance, all mate-
rial suppliers for their manufacturing procedures and
quality control programs, and all welding electrodes.

The Fabricator shall maintain a system, including
records, that will allow verification that the structural
steel meets the specified requirements. Certified test
reports from the plate mills and from the supplier of
bolts, welding electrodes, and other materials in accor-
dance with the governing specification shall constitute
evidence of conformity. Certified tests by the
Fabricator or a testing laboratory shall also constitute
evidence of conformity.

10.3.2 Visual Inspection
Structural components and 100 percent of all

welds shall be visually inspected to determine con-
formance to drawings, procedures, overall workman-
ship, weld contour, weld size, and any other pertinent
items.

10.3.3 Dimensional Inspection
Structural components shall be inspected for

dimensional compliance to determine conformance
with detail drawings and established tolerances. When
applicable, the Owner shall specify shop assembly
requirements.
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10.3.4 Surface Coating Inspection
The Fabricator shall check product preparation

and coating thickness to ensure that the minimum dry
film thickness requirements of the coating specifica-
tion are met. Visual inspection shall be performed for
the purpose of detecting pinholes, cracking, and other
undesirable characteristics.

10.3.5 Weld Inspection
Quality control supervisory personnel shall be

certified welding inspectors (CWI) in accordance with
the provisions of AWS QCI. Weld inspection shall be
performed in accordance with the requirements of
Section 6, Inspection, Part C, of AWS Dl.1. Personnel
qualification for nondestructive weld testing shall be in
accordance with Section 6.14.6.1 of AWS Dl.1.

Complete penetration welds shall be 100%
inspected by either ultrasonic (UT) or radiographic
(RT) methods. Appropriate inspection practices shall
be used to ensure that required penetration is achieved.

For galvanized members with large T-joint connec-
tions, such as base plates, flange plates, etc., ultrasonic
nondestructive weld testing shall be performed on 
100% of all such joints, not only before, but also after
galvanizing to ensure no cracks have developed. Any
indications found with this test shall be ground 
smooth and inspected with magnetic particle methods.
Any positive indications following this inspection shall
be repaired and reinspected, and the finish shall be
repaired per ASTM. This requirement may be waived 
if the Fabricator can demonstrate through study and
quality assurance records that it can control its material,
forming, welding, and galvanizing processes to the
degree that such continued inspection is unnecessary.

10.3.6 Shipment and Storage
The quality control program shall provide proce-

dures that will prevent damage, loss, or deterioration
to the structure during storage and shipment.

11.0 ASSEMBLY AND ERECTION

11.1 INTRODUCTION

This section covers the assembly and erection require-
ments for steel transmission pole structures.

11.2 HANDLING

Poles, pole sections, crossarms, and other structural
elements shall be lifted and stored in such a manner as
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to prevent excessive deflection, stresses, and buckling.
Sections that are distorted, buckled, or permanently
deflected shall not be installed. The Owner shall 
contact the Structure Designer to verify acceptability
of members with suspected damage.

11.3 SINGLE POLE STRUCTURES

Assembly shall be in accordance with the erection
drawings and requirements of the Owner.

11.3.1 Slip Joints
Slip joints shall be assembled in accordance with

the Structure Designer’s requirements as to method,
equipment, and minimum and maximum permissible
assembly force, as well as within the Fabricator’s
specified tolerance for maximum and minimum over-
lap length. In the event an assembled slip joint is not
within the specified tolerance for overlap length, the
actual overlap shall be reported to the Structure
Designer for review of acceptability.

11.3.2 Bolted Flange Joints
Mating surfaces shall be cleaned of all foreign

matter prior to assembly. The bolts shall be installed to
snug-tight condition in a sequence to ensure the proper
alignment of the two pole sections. Following snug
tightening, the bolts shall be tensioned in accordance
with the Structure Designer’s recommendations using
a similar tightening sequence. In the absence of spe-
cific tightening recommendations, the “turn-of-nut”
method as described in Research Council on Structural
Connections “Specification for Structural Joints Using
ASTM A325 or A490 Bolts,” Section 8.2.1, shall be
employed for fastener tensioning.

11.3.3 Attachments to Pole Sections
Installation of crossarms and other attachments 

to the pole structure shall be in accordance with the
Fabricator’s recommendations.

11.3.4 Erection of Assembled Structures
Assembled structures with slip joints shall have

the slip joints temporarily secured prior to lifting to 
prevent the pole sections from separating during the
erection operation.

11.4 FRAME TYPE STRUCTURES

The assembly and erection procedure for frame 
structures shall be in accordance with the Fabricator’s

recommendations and the requirements listed in
Section 11.3 except as modified by this section.

11.4.1 Slip Joints in Frames
Slip joint connections shall be assembled as

described in Section 11.3.1. On multiple leg structures,
the assembled leg-length differential shall not exceed
the practical adjustment length of the foundation 
system.

11.4.2 Erection
Erection of frame structures shall be in accor-

dance with the Fabricator’s recommendations, includ-
ing the use of temporary braces or members as
required to prevent damaging or overstressing mem-
bers and connections during the installation procedure.
All slip joints shall be restrained to prevent separation
of the joint during structure erection.

11.4.3 Bolted Frame Connections
Bolted frame joints shall be assembled with fas-

teners loosely bolted to permit movement in the joint
during installation of additional framing. Bolted 
joints shall be tightened after completion of structure
erection in accordance with the Structure Designer’s
recommendation.

11.5 INSTALLATION ON FOUNDATION

11.5.1 Anchor Bolt and Base Plate Installation
Installation shall be made in such a manner as to

ensure that all anchor bolt nuts are tightened to both
the top and the bottom of the pole base plate in accor-
dance with the Structure Designer’s recommendations.

11.5.2 Direct-Embedded Poles
The annular opening around the embedded pole

shall be backfilled with soil or concrete. Soil shall 
be compacted in accordance with the Line Designer’s
requirements.

11.6 GUYING

11.6.1 Guy Anchor Location
Guy anchors shall be installed at the locations

specified by the Structure Designer and approved by
the line designer. If field conditions prevent the instal-
lation of any anchor at the specified location, the
Structure Designer shall be consulted to provide 
an acceptable alternate location or other specific 
measures.
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11.6.2 Guy Installation
Installation and tensioning of guys shall be in accor-

dance with the requirements of the Structure Designer.

11.7 POSTERECTION PROCEDURES

11.7.1 Inspection
Structures shall be inspected for proper tightening

of all bolted joints, condition of protective coating,
and vertical alignment (plumb or rake).

11.7.2 Grounding
Installation of all required structure grounding

shall be completed promptly following structure 
erection.

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

11.7.3 Coating Repair
Per the Owner’s approval, all damaged areas of

protective coating shall be repaired in accordance with
the coating manufacturer’s recommendations.

11.7.4 Unloaded Arms
Unloaded arms shall be evaluated by the Structure

Designer for susceptibility to damage from wind-
induced oscillations. Remedial measures to reduce
oscillation magnitudes shall be employed if damage is
considered likely.

11.7.5 Hardware Installation
Conductor dampening devices and/or spacers for

bundled conductors, if required, shall be installed after
conductor stringing is completed.
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This commentary is not a part of ASCE/SEI 48-05. It is
intended for informational purposes only. This informa-
tion is provided as explanatory and supplementary mate-
rial to assist in applying the recommended requirements.

The sections of this commentary are numbered to
correspond to the sections of the standard to which
they refer. Since it is not necessary to have supplemen-
tary material for every section in the standard, there are
gaps in the numbering sequence of the commentary.

C4.0 LOADING, GEOMETRY, AND ANALYSIS

C4.2 LOADING

C4.2.1 Factored Design Loads
The overload factors specified by the National

Electrical Safety Code (NESC) are load factors accord-
ing to the terminology of this standard. The ASCE 
has developed information to aid in the selection of
loads for transmission line structures. “Guidelines
for Electrical Transmission Line Structural Loading,”
ASCE Manuals and Reports on Engineering Practice
No. 74, presents a reliability-based methodology for
developing transmission line structure loads. Other
methods for selecting loads also may be acceptable
where utility companies have established procedures
that are based on years of successful operating 
experience.

C4.2.2 Loading Considerations
Prevailing practice and most state laws require

that transmission lines be designed, as a minimum, to
meet the requirements of past or current editions of 
the NESC.

When evaluating potential structure loading crite-
ria, the Owner should consider the following sources
of information:

1. Individual utility planning criteria will usually dic-
tate specific conductor and shield wire sizes.

2. Minimum legislated loading conditions are speci-
fied in applicable national, state, and local codes,
e.g., NESC, California GO-95, and Canadian
Standards Association (CSA-22.3).

3. Historical climatic conditions in the utility’s service
area may indicate loads in excess of legislated
loads. These may include wind or ice, or any com-
bination thereof, at a specified temperature.

4. Local terrain and line routing procedures will deter-
mine the individual structure orientation criteria.

5. Individual utility policies and procedures will
determine specific construction and maintenance
requirements such as structure stability prior to
conductor/shield wire installation, the potential for

unbalanced longitudinal loads during conductor/
shield wire stringing, the need for attachment pro-
visions for structure lifting and hoisting material
such as insulators, stringing blocks, etc., or the
need for “hot line” maintenance capability.

6. Individual utility planning criteria and experience
may require the need for a load condition to pre-
vent progressive line failure (cascading).

7. Utilities may need to consider unique loading situa-
tions that are applicable to their service area or created
by joint use of their structures. Examples of service
area loading conditions include galloping and/or 
aeolian vibration of wires, as well as seismic events.
Typical electrical transmission structure designs pro-
vide adequate strength to resist loadings from seismic
acceleration forces. Tubular frame type structures may
need to consider the effects of foundation movement
caused by earthquake ground motions. Examples of
joint-use loads are telecommunication applications and
other nonelectrical apparatuses (such as traffic signals).
The Owner should determine the applicable design
code for joint-use applications.

C4.2.3 Load Expression
The Owner should transmit specific loading crite-

ria to the Structure Designer in the form of load trees,
utilizing a single orthogonal coordinate system as
shown in Fig. C4-1. These loading criteria should
express the magnitude, direction, and point of applica-
tion for each load and load case. Conductor and shield
wire loads should be shown at their appropriate attach-
ment points. The weight of insulators and hardware
should be included in these loads.

FIGURE C4-1 Recommended Load Tree Format.
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The magnitude and direction of wind on the struc-
ture should be defined by the Owner. Shape and height
coefficients should be included in the wind loading or
listed separately in tabular form. One reference for
these coefficients is ASCE Manual of Practice No. 74,
“Guidelines for Electrical Transmission Line Structural
Loading.” If listed separately, the use of these coeffi-
cients should be defined by a formula.

When necessary, design loads for attachment
plates should be shown separately.

All special loading considerations that may affect
the design of the structure should be clearly communi-
cated to the Structure Designer (e.g., reverse wind on
bisector of a guyed small angle structure, temporary
construction guying, or installation of single circuit
conditions for double circuit structures).

C4.3 GEOMETRIC CONFIGURATIONS

C4.3.1 Configuration Considerations
The Owner should determine the preliminary

structure geometry based on an appropriate technical
and economic evaluation of the electrical and mechan-
ical performance requirements.

Generally, transmission structures may be classi-
fied as one of three types: suspension, strain, or 
dead-end.

Suspension structures are those in which conduc-
tors and shield wires pass through and are suspended
from support points.

Strain structures are those in which conductors
and shield wires are attached to the structure by 
means of bolted or compression dead-end fittings.
These structures are designed to support intact, basi-
cally equal, longitudinal loads on both sides of the 
structure.

Dead-end structures utilize similar conductor and
shield wire attachment methods as utilized on strain
structures. However, dead-end structures are designed
to support intact unbalanced longitudinal loads
because of differing conductor and shield wire ten-
sions and/or sizes on opposite sides of the structure.

Additional nomenclature for the basic structure
types is used to help identify structure orientation with
respect to the center line of the transmission line. The
term “tangent” denotes a basic structure type with lit-
tle or no line angle. The term “angle” denotes a basic
structure type that is subjected to various degrees of
line angle. Therefore, the following terminology is
recommended: tangent suspension, angle suspension,
tangent strain, angle strain, tangent dead-end, and
angle dead-end.

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

C4.3.2 Structure Types
The previously described structure types may also

be categorized as either “self-supported” or “guyed.”
Self-supported structures have sufficient strength and
stiffness to support the design loads without any guy
support. Guyed structures rely on guys for load distri-
bution, stiffness, and stability.

C4.4 METHODS OF ANALYSIS

The response of a tubular structure subjected to fac-
tored design loads is generally nonlinear. Geomet-
ric nonlinearity (also called second order effect or 
P-Delta effect) results from displacements that can 
be substantial. Material nonlinearity may occur in the
behavior of the steel material, with localized yielding
taking place. Localized yielding may even take place
at load levels less than design loads because of
stresses induced during manufacturing.

Three states of behavior can be described for a
tubular structure: elastic state, inelastic or damage
state, and ultimate or collapse state. A structure is in
the elastic state if it does not sustain permanent defor-
mation under loading conditions. A structure is in the
inelastic or damage state if it can safely carry the loads,
but sustains permanent deformation. Repair or replace-
ment may be required depending on the extent of dam-
age sustained. A structure is in the ultimate or collapse
state when the loads cannot be supported. Geometric
nonlinearities are present in all three states. Material
nonlinearity becomes significant only in the damage or
ultimate states. It is not significant in the elastic state.

C4.4.1 Structural Analysis Methods
The philosophy adopted by this standard is to

design a structure so that it will not be permanently
damaged under the design climatic, construction, and
maintenance loads. For security loads, the Owner may
allow permanent damage as long as ultimate collapse
is prevented. Allowing permanent damage takes
advantage of the fact that tubular structures can exhibit
additional strength beyond the onset of ultimate load-
ing or collapse state.

For design conditions where permanent damage 
is prohibited, a geometrically nonlinear elastic analysis
is required. For the rare design conditions where dam-
age is tolerated, a nonlinear analysis with both geo-
metric and material nonlinearities is required. The
elastic method of analysis, with geometric nonlinearity
included, is the most common analysis method being
used by structure designers.
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The analysis should have the ability to predict
elastic instability phenomena; i.e., the analysis should
indicate increasingly large deformations, even under
small lateral loads, for vertical loads approaching the
buckling load of the structure.

The analysis should include the axial and shear
forces, as well as the bending and torsional moments
at the critical locations of the structure. With geomet-
ric nonlinearity included, all forces and moments
should be in equilibrium in the deformed state of the
structure.

The structure should be modeled with a sufficient
number of elements to ensure that locations of maxi-
mum stresses coincide with the origin or the end of an
element, and the effects of deflection on amplification
of moments are included. All structural members,
including interpole ties, bracing, and guys should be
included as elements.

The inherent flexibility of most unguyed tubular
structures can have a substantial effect on the magni-
tude of the loads and conductor and shield wire sags
caused by an unbalanced longitudinal condition. 
For example, conductors and shield wires that remain
intact may be able to provide some support for a struc-
ture adjacent to a single conductor break. When the
loads on a flexible structure are considered to be
affected by their connection to other structures through
conductors and shield wires, a system analysis may be
performed. As a minimum, the system should include
several spans in either direction and their supporting
structures. The conductors and shield wires in the
spans should be modeled as catenary elements.

Cross-sectional properties of commonly used
tubular members can be approximated by the formulae
in Appendix II.

Guys may be modeled as straight tension-only
bars, prestressed if desired, or as a cable element
including the actual prestress in the guy. If the struc-
ture is designed utilizing the reduced moments result-
ing from prestressing the guys, the Owner’s assembly
and erection specifications should require compliance
with these assumptions. For further information see
Chapter 5 of “Design of Guyed Electrical Transmis-
sion Structures,” ASCE Manuals and Reports on
Engineering Practice No. 91.

If foundation movement is of concern, the model
should be able to accommodate specified displacement
or rotation at the structure base, or connection to foun-
dation elements.

The effects of aeolian vibration of the structures
or members and the resulting fatigue stress on the
structure or members should be considered. Damping
options or recommendations should be provided to the

Owner where appropriate. In lieu of a comprehensive
engineering analysis of a structure or member, the
installation of the conductor or shield wire can nor-
mally be considered as an effective means of suppress-
ing these vibrations.

C4.5 ADDITIONAL CONSIDERATIONS

C4.5.1 Structural Support
The degree of support provided by structure foun-

dations can have a significant effect on the design of 
a structure because of foundation rotation or displace-
ment. If foundation rotation/displacement allowances
are specified, the Owner should establish the perform-
ance requirements for the structure, guys, and founda-
tions. In determining this value, aesthetics, electrical
clearances, and the ability to replumb a structure
should be considered.

C4.5.2 Design Restrictions
Structure shipping length and weight restrictions

are usually influenced by construction site conditions
and material handling limitations.

Structure diameter, taper, and deflection restric-
tions are usually influenced by the desired appearance
of installed structures. Line angles and unbalanced
phase arrangements can create loading situations that
will cause a structure to deflect noticeably. There are
several methods that can be used to minimize these
effects. One method is to camber the structure during
fabrication to offset the anticipated deflection under
load so that it will appear straight and plumb after
installation. Another method is to rake the structure
during installation. The deflection at the top of the
structure is determined, and the pole is tilted a corre-
sponding amount so that the top of the structure is 
at a specified position in relation to the structure at
groundline.

To camber or rake a structure, a special load case,
usually the “normal” or “everyday” load on the struc-
ture, should be specified by the Owner.

The structure finish is a factor that influences the
design and fabrication of the structure. The most com-
mon structure finishes are hot dip galvanized, weather-
ing, painted, zinc silicate coated, and metallized. 
The selection of a finish is normally influenced by 
environmental exposure, appearance, and regulatory
requirements.

The determination of the shaft-to-shaft connection
is normally based on the type and magnitude of struc-
ture loading. Shafts loaded in bending or compression
are normally designed utilizing a slip joint connection,
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whereas shafts loaded in uplift, or guyed structures
with axial loads greater than the Structure Designer’s
recommended jacking force, normally utilize a bolted
flange connection.

The type of foundation is usually based on eco-
nomic factors influenced by geotechnical conditions,
construction material costs, and structure loads. The
drilled shaft and anchor bolt, direct-embedded pole,
and embedded casing foundations are the most com-
mon types used for tubular steel pole structures.

Guy attachment and anchor locations are usually
determined by structural support, electrical clearance,
and right-of-way considerations.

C4.5.3 Climbing and Maintenance Provisions
Generally, provisions should be made so that all

portions of structures, and insulator and hardware
assemblies, are accessible for maintenance purposes.
Where steps and/or ladders are required, they should
be sufficiently strong so they do not deform perma-
nently under the weight of maintenance personnel 
with tools and equipment.

All climbing devices should be oriented to pro-
vide adequate clearance between maintenance 
personnel and energized parts, allowing for conduc-
tor movement under specified climatic conditions.
Detachable ladders should be fabricated in lengths 
that can be handled by maintenance personnel on the
structure. Additional information on climbing can 
be obtained in IEEE’s Standard 1307, “IEEE Standard
for Fall Protection for Utility Work.”

C5.0 DESIGN OF MEMBERS

C5.1 INTRODUCTION

The American Institute of Steel Construction (AISC)
and, to a lesser extent, the American Iron and Steel
Institute (AISI) Specifications [C5-1], [C5-2] are the
basis for the design requirements of this standard.
Transmission structures have traditionally been
designed based on ultimate strength methods using
factored loads. The design stresses of this standard 
are derived from the American Institute of Steel
Construction Allowable Stress Design Specification,
9th Edition. AISC allowable stresses are applicable to
equations where the member forces are the result of
unfactored loads. The design stress values in this sec-
tion are based on the allowable stresses in the AISC
specification, with the values adjusted upward (by fac-
tors ranging from 1.5 to 2.0) for use in ultimate

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

strength design and to compensate for the equivalent
safety factors built into the AISC values.

These design requirements are applicable only to
tubular members, truss members, and guys. For design
of other members, the user should refer to ASCE
Standard 10 [C5-3] or to the AISC Specification 
[C5-1], with appropriate conversions from allowable
stress to ultimate strength design.

The AISC has published design criteria [C5-4]
based on the Load and Resistance Factor Design
(LRFD) methodology. Additional testing to determine
probability-based factors for details unique to tubular
transmission structures is required prior to adopting
the LRFD method.

C5.2 MEMBERS

The formulae used in this section historically have
been used in the industry to design members with
cross-sectional shapes shown in Appendix II and
members with elliptical or rectangular cross sections
that have maximum major to minor dimension ratios
of 2 to 1.

C5.2.1 Materials

C5.2.1.1 Specifications
Steel pole structures are typically manufactured

from high-strength structural steel with a yield
strength of 65 ksi (448 MPa). The suitable materials
listed include some that are not specifically referenced
in the AISC or AISI specifications, but have been
proven acceptable through in-service performance.

C5.2.1.2 Material Properties
Cold working in forming tubes increases the yield

stress of the steel. However, increasing the design
yield stress over the minimum yield stress specified 
in the applicable ASTM specification is not recom-
mended. Since the difference between the yield stress
(Fy) and the tensile stress (Fu) of the high-strength
steels from which these structures are normally fabri-
cated is relatively small, the beneficial effect of cold
working would also be relatively small. Furthermore,
this benefit would likely be offset to some extent by a
reduction in the notch toughness.

C5.2.1.3 Energy-Impact Properties
Generally, brittle fracture can occur in structural

steel when there is a sufficiently adverse combination
of tensile stress, temperature, strain rate, and geometri-
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cal discontinuities (notches). Other design and fabrica-
tion factors may also have an important influence.
Because of the interrelation of these effects, the exact
combination of stress, temperature, strain rate,
notches, and other conditions that will cause brittle
fracture in a given structure cannot be readily calcu-
lated. Consequently, designing against brittle fracture
primarily involves proper steel selection and minimiz-
ing geometric discontinuities.

The impact requirements of this section are based
on historical experience of structure performance.
These requirements exceed those listed in Table 3.1 
of ASCE Manual No. 72 [C5-5] for certain plate
strengths and thicknesses, but the added cost of pro-
viding this testing is minimal. More stringent tempera-
ture requirements may be necessary in some areas
because of the expected climatic conditions. Energy-
impact requirements are applicable only to plate mate-
rial, not to hot-rolled shapes.

This standard requires only heat-lot testing to be
used. The requirement contained in ASCE Manual
No. 72 [C5-5] for plate testing of controlled rolled or
as-rolled plates over 0.5 in. (13 mm) in thickness was
eliminated based on experience with the plate quality
currently produced by steel manufacturers. 

C5.2.2 Tension
For tension members with holes or slots, yielding

of the net area may become a serviceability limit state
warranting special consideration and exercise of engi-
neering judgment. These conditions can result when
the length of the hole or slot along the longitudinal
axis of the member exceeds the member depth or con-
stitutes an appreciable portion of the member length.

C5.2.3 Compression

C5.2.3.1 Truss Members
As discussed in Section C4.4.1, the elastic stabil-

ity of beam elements in tubular structures is numeri-
cally checked during the nonlinear analysis and need
not be checked by manual methods. However, when
nonlinear analysis methods are used, the stability of
truss elements, which by definition can carry only
axial loads, is not checked. These members must be
manually checked for stability using Eqs. 5.2-3 and
5.2-4.

Typically, truss members, made from round or
polygonal tubes or angles, are used as bracing in a
tubular transmission structure (cross braces in an 
H-frame, arm braces, etc.). The K factor for a truss
member depends on the connection design for the

member. Theoretically, for a member pinned
at both ends [C5-1]. In practice, these members are
attached to the structure with a single bolt installed
perpendicular to the plane of the truss member. This
connection may not act as a pin for loads out-of-plane
with the member (such as longitudinal or torsional loads
on an H-frame structure). This is especially important
in the design of nonsymmetrical members, such as
angles. Engineering judgment should be used in the
selection of the K factor for this type of connection.

Truss members used for cross bracing are usually
connected at the point of intersection by means of a 
U-bolt or through bolt. This connection changes the
effective length of the compression brace, based on 
the amount of rotational support provided by the con-
nection. The effective length for tubular members has
been shown to be dependent upon the relative load
levels between the compression brace and the tension
brace [C5-6], [C5-7]. Assuming no rotational support
is provided by the bolt and the point of intersection 
is at the midpoint of the cross bracing, the K factor
varies from 0.5 (tension load � 60% to 100% of the
compression load) to 0.72 (no tension). This K factor
applies to the overall length of the compression mem-
ber. Ref. [C5-6] provides suggested K factors for other
bracing configurations. If the connection between the
braces provides sufficient rotational support, K � 0.8,
based on the length of the compression member from
the intersection of the braces to the main support 
[C5-1].

values for tubular truss members should 
be limited to prevent potential vibration problems.
Typically, these members are limited to values of 
200 for compression members and 300 for tension
members [C5-1].

C5.2.3.2 Beam Members
This section determines the design compressive

stress based on what is commonly referred to as local
buckling. When testing is performed to determine
local buckling stability, actual yield strengths and
dimensions of the test specimens should be used in 
the calculations.

C5.2.3.2.1 Regular Polygonal Members Eqs. 5.2-6
through 5.2-14 are based on research conducted by the
Electric Power Research Institute (EPRI) for tubes in
bending and were published in a report [C5-8] in
1987. Full scale testing [C5-8], [C5-9] demonstrates
that regular polygonal shaped tubes with different
numbers of sides have different buckling capacities.

KL�r

K � 1.0
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Thus, different equations are provided for octago-
nal, dodecagonal, and hexdecagonal tubes. These
equations are summarized graphically in Figs. C5-1,
C5-2, C5-3, and C5-4.

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

Based on this testing, less conservative criteria
than were previously used have been established for
polygonal tubes with eight or fewer sides (Eqs. 5.2-6,
5.2-7, and 5.2-8). However, these equations should be 
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used only when the primary loading is bending. If the
axial stress, fa, is greater than 1 ksi (6.9 MPa), then
Eqs. 5.2-9, 5.2-10, and 5.2-11 should be used for tubes
with eight or fewer sides.

Eqs. 5.2-8, 5.2-11, and 5.2-14 are the elastic 
local buckling stresses based on E � 29,000 ksi

(200 GPa) and a plate buckling coefficient of 4.0. 
The use of polygonal shapes in these ranges of is
uncommon.

C5.2.3.2.4 Round Members Eq. 5.2-17 is the Plantema
formula [C5-10], [C5-11] where E � 29,000 ksi

w�t
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(200 GPa). Fig. C5-5 [Ref. C5-12] shows it to be a
good lower bound on the test results of axially com-
pressed manufactured round tubes.

Manufactured tubes are classified as tubes pro-
duced by piercing, forming and welding, cupping,
extruding, or other methods in a facility devoted
specifically to the production of tubes. 

Eq. 5.2-19 is a modification of the Plantema 
formula derived from the test results shown in
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Fig. C5-6 and provides a good lower bound. The 
tests shown herein are from Refs. [C5-11] and 
[C5-12].

The use of circular tubes with values 
exceeding the upper limits established by Eqs. 5.2-17
and 5.2-19 is uncommon, and no allowable stress
equations are provided for them. To establish such
equations, an adequate test program would be 
needed.

Do�t
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FIGURE C5-5. Local Buckling Test Data for Round Tubes in Compression.

FIGURE C5-6. Local Buckling Test Data for Round Tubes in Bending.
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C5.2.4 Shear
Eq. 5.2-20 is a rounded value of the yield stress 

in shear based on the distortion-energy 
criterion.

C5.2.5 Bending
A reduction in the design stress to account for 

lateral-torsional buckling is not necessary for tubular
members because of their superior torsional stiffness.

Fa is based on local buckling only since stability
will have been verified by nonlinear analysis.

C5.2.6 Combined Stresses
Combinations of shear stresses and normal

stresses have been evaluated by the distortion-energy
(Hencky-Mises) yield criterion. More conservative cri-
teria may be used. Stresses should be properly com-
bined at a given point on the cross section. They are
not necessarily the addition of the maximum stresses.
For example, the maximum normal stress occurs at an
extreme fiber, while the maximum shear stress occurs
at the neutral axis. Normally, the highest stress results
from combining the maximum normal stress with the
shear stress occurring at the same point.

C5.3 GUYS

C5.3.1 Material Properties
Zinc coated steel wire strand per ASTM A475 and

aluminum clad steel strand per ASTM B416 are com-
monly used for guys. Capacities of these strands are
stated as the minimum rated breaking strength.

Physical properties, such as minimum rated break-
ing strength and modulus of elasticity, for other types
of wire strands or ropes should be specified by the
Owner.

C5.3.2 Tension
The level of force represented by 65% of the rated

breaking strength of a guy is a reasonable measure of
the point at which the deformation rate begins to
become nonlinear. This is analogous to the yield
strength of other steel members.

Forces greater than 65% of the rated breaking
strength of a guy have been permitted (NESC).
However, when stressed above 65% of the rated break-
ing strength, inelastic stretching of the guys may
occur, which is outside the scope of this standard. For
further information see Chapter 6 of “Design of Guyed
Electrical Transmission Structures,” [C5-13].
Additionally, the guys should be retensioned or

	Fy��3 


replaced after the occurrence of such an event to pre-
vent excessive structure deflections or stresses as a
result of the inelastic stretching of the guys.
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C6.0 DESIGN OF CONNECTIONS

C6.1 INTRODUCTION

Transmission structures have traditionally been
designed based on ultimate strength methods using
factored loads. The design stresses of this specifica-
tion are derived from the American Institute of 
Steel Construction Allowable Stress Design Specifi-
cation, 9th Edition. AISC allowable stresses are 
applicable to equations where the member forces 
are the resultant of unfactored loads. The design stress
values in this section are based on the allowable
stresses in the AISC specification, with the values
adjusted upward (by factors ranging from 1.5 to 2.0)
for use in ultimate strength design and to compensate
for the equivalent safety factors built into the AISC
values.

C6.2 BOLTED AND PINNED CONNECTIONS

Bolted connections for steel transmission pole struc-
tures are normally designed as shear, slip-critical, or
tension type connections.

Pinned connections are ones in which the attach-
ments should be free to rotate about at least one axis,
while under load. 

The minimum end and edge distances determined
by the provisions of this section do not include
allowances for fabrication tolerances.

Typical anchor bolt holes in base plates are
0.375–0.5 in. (10–13 mm) oversized. 

C6.2.1 Materials
Commonly used fastener specifications for 

steel transmission pole structures are A325, A354,
A394, A449, and A490 for bolts, and A563 for 
nuts.

C6.2.2 Shear Stress in Bearing Connections
An average shear stress at failure for A325 and

A490 bolts is 65% of the specified minimum tensile
stress of the bolt. The approximate level at which the
deformation rate begins to increase significantly is
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70% of the average shear stress. Thus, the value of
0.45Fu results from (70%)(65%)Fu.

C6.2.3 Bolts Subject to Tension
The specified tensile stress approximates the point

at which the rate of elongation of the bolt begins to
significantly increase. The ASTM proof-load stress is
approximately equal to the yield stress. Where a proof-
load or yield stress is not specified, 0.60Fu provides a
conservative estimate.

Permanent elongation will occur in bolts if 
design stress exceeds the yield stress. This could 
cause the nuts to loosen and affect the integrity of 
the joint.

C6.2.6 Minimum Edge Distances and Bolt Spacing
for Bolted Connections

The provisions of this section are applicable to
sheared and mechanically guided flame cut edges.

The first equation (6.2-6) provides the edge dis-
tance required for strength. The required edge distance
is a function of the load being transferred by the bolt,
the tensile strength of the connected part, and the
thickness of the connected part. Test data confirm that
relating the ratio of end distance to bolt diameter to
the ratio of bearing stress to tensile strength gives a
lower bound to the published test data for single fas-
tener connections with standard holes [C6-1]. The
edge distance required by the above expression has
been multiplied by 1.2 to account for uncertainties in
the edge distance strength of the members (Kulak
et al. 1987). For adequately spaced multiple bolt 
connections, this expression is conservative.

The second equation (6.2-7) is a lower bound on
edge distance that has been successfully used in prac-
tice in stressed members.

Latitude is provided to use the minimum edge 
distances and to determine the allowable bearing 
stress for this condition. The first and second equa-
tions (6.2-6 and 6.2-7) determine which combination
of bearing value and edge distance satisfies the engi-
neering and detailing requirements. The third equation
(6.2-8) places an edge distance restriction on thick
members such that punching the holes does not create
a possible breakout condition. If the holes are drilled
in members where the edge distance would be gov-
erned by the third equation (6.2-8), this requirement 
is not necessary. Satisfactory punching of the holes 
in thick material is dependent on the ductility of the
steel, the adequacy of the equipment (capability of 
the punching equipment and proper maintenance 
of punches and dies), the allowed tolerance between
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the punch and die, and the temperature of the steel.
The following guidelines have been satisfactorily used:

For 36 ksi (248 MPa) yield steel, the thickness of
the material should not exceed the hole diameter;

For 50 ksi (345 MPa) yield steel, the thickness of
the material should not exceed the hole diameter
minus 1/16 in. (1.6 mm); and

For 65 ksi (448 MPa) yield steel, the thickness 
of the material should not exceed the hole diameter
minus 1/8 in. (3.2 mm).

The fourth equation (6.2-9) provides a check for
shear (tearout), with shear planes developing at each
side of the bolt through the end of the member.

The fifth equation (6.2.10) provides a requirement
for minimum bolt spacing.

The minimum bolt spacing is the minimum allowed by
the American Institute of Steel Construction Allowable
Stress Design Specification, 9th Edition. This require-
ment is not intended for tension-type connections.

C6.2.7 Bearing Stress in Pinned Connections
Single bolt framing connections and insulator or

guy shackle attachments are considered to be pinned
connections. The design stress is less than that for
bolted connections to account for the rotation that is
typical of a pinned-type connection.

C6.2.8 Minimum Edge Distances for Pinned
Connections

The first equation (6.2-12) provides a check for
tension across the net section, perpendicular to the
load. The second equation (6.2-13) provides a check
for shear (tearout), with shear planes developing at
each side of the pin through the end of the member.
Here the ratio of the diameter of the hole to the 
diameter of the pin must be less than 2. This ratio 
represents the range of experience over which the
equation (6.2-13) has been used in practice. 

Oversized holes are commonly used as load attach-
ment points for insulator strings, overhead ground
wires, and guys. These holes are not used where 
connections are designed for load reversal. Factored
design loads should be used with Eqs. 6.2-11, 6.2-12,
and 6.2-13 of Sections 6.2.7 and 6.2.8. These recom-
mendations do not exclude the use of other attachment
holes or slots designed by rational analysis. No adjust-
ment to the equations is required for slight chamfering
of the holes. For attachment plates subject to bending,

additional analysis is required to determine the plate
thickness.

To avoid indentation and excessive wear of the
material under everyday loading, the following should
be met:

(Eq. C6.2-1)

where

P � force transmitted by the pin;
d � nominal diameter of the pin;
t � member thickness; and

Fu � specified minimum tensile stress of the 
member.

Everyday loading can be defined as the sustained load-
ing resulting from the bare wire weight at 

final sag. If the location is subject to steady
prevailing wind, the everyday loading can be consid-
ered to be the resultant load caused by the bare 
wire weight and the prevailing wind at 
final sag.

C6.3 WELDED CONNECTIONS

C6.3.3 Design Stresses
The design stresses in Tables 6.3, 6.4, 6.5, and 6.6

for welds are those of the AISC Allowable Stress
Design Specification, 9th Edition, multiplied by 1.67.
Punching shear stress should be considered in connec-
tion designs.

C6.3.3.1 Through-Thickness Stress
This restriction is applicable to plates welded per-

pendicular to or near perpendicular to the longitudinal
axis of members (e.g., baseplates, flange plates, arm
bracket, etc.) and takes into consideration the possible
deficiencies in the tensile strength through the thick-
ness of the plates, which may result in lamellar tear-
ing. Lamellar tearing can occur in a plate of any 
thickness and is often caused by improper weld joint
detailing and/or improper welding methods.

C6.4 FIELD CONNECTIONS OF MEMBERS

C6.4.1 Slip Joints
Fabrication and erection tolerances should be

included when establishing lap length requirements.
Experience has shown that an overlap of 1.42 to 

	16�C
60�F

	16�C

60�F

P � 0.5 dt Fu
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1.52 times the maximum inside diameter (across flats)
of the outer section is sufficient to develop the
required strength of the connected 12-sided polygonal
sections, provided there are no significant gaps
between the mating sections and the manufacturer’s
recommended assembly force has been used.

Maximum lap should be restricted by practical
factors such as maintaining the minimum height of the
assembled structure, minimum clearances between
crossarms, interference with climbing devices, etc. For
frame structures where leg-length tolerances are criti-
cal, the structure designer may consider using bolted
flange connections as a substitute for slip joints. 

C6.4.2 Base and Flange Plate Connections
Theoretical methods of analysis for base plate

design have not been published. It is recommended
that details and practices proven through testing be
used. Appendix VI provides a proposed method to
determine the plate thickness for a base plate sup-
ported by anchor bolts with leveling nuts.

In certain types of structures (e.g., guyed poles or
frame structures), the calculated design loads may be
significantly less than the load capacity of the tubular
member at the base plate or flange joint. It is not con-
sidered good engineering practice to size the base or
flange plate connection for loads significantly lower
than the tube capacity. Thus 50% of tube capacity has
been established as a minimum strength requirement
for such welded joint connections.

C6.5 TEST VERIFICATION

Theoretical methods of analysis for arm connections
have not been published. It is recommended that
details and practices proven through testing be used.
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C7.0 DETAILING AND FABRICATION

C7.1 DETAILING

C7.1.1 Drawings
The design of steel transmission poles, including

the preparation of shop detail and erection drawings, is
typically performed by the Fabricator. Occasionally,
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the Owner provides shop detail drawings as part of the
contract documents, and their correctness is the
responsibility of the Owner. Differences between the
Owner’s drawing requirements and the Fabricator’s
shop practices need to be resolved prior to commence-
ment of fabrication.

C7.1.2 Drawing Review
The Structure Designer’s review of drawings

includes responsibility for the strength of members
and connections. The correctness of dimensional detail
calculations is the responsibility of the Fabricator.
Review of drawings does not include approval of
means, methods, techniques, sequences, procedure 
of construction, or safety precautions and programs.

The Owner’s review is for determining confor-
mance with the contract requirements. It does not
relieve the Fabricator of the responsibility for the
accuracy of the structural detailing.

C7.1.3 Erection Drawings
The erection drawings are prepared as an aid in

assembly and erection. They can be used with, but do
not eliminate the need for, a construction specification.
Erection drawings should show the position and lead
of all guys.

C7.1.4 Shop Detail Drawings
The shop detail drawings are prepared as the com-

munication, or link, between the design and the fabri-
cation processes. As such, comprehensive detailing of
fabrication requirements is very important.
Sections 7.1.4.1 through 7.1.4.5 provide standard
requirements of the shop detail drawings. Shop detail
drawings facilitate quality assurance checks both
before and after fabrication.

C7.1.4.2 Dimensions and Tolerances
Clearance and appearance requirements are nor-

mally established by the Owner, while strength and
assembly requirements are established by the Structure
Designer. Foundation type, structure design, and con-
struction methods are factors that should be considered
when establishing tolerances.

The Owner should coordinate dimensioning of
mating parts obtained from different sources. The
Structure Designer or the Owner should either impose
tolerances that will ensure ease of assembly or require
preassembly and match marking of mating parts by the
Fabricator. The Structure Designer should establish
tolerances to control critical cross-section properties
and to control the magnitude of the internal reactions.
For example, a maximum variation of �5% for 
section modulus is recommended. This is within 
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tolerances set for standard structural members covered
by the ASTM A6 specification.

C7.1.4.4 Corrosion and Finish Considerations
Surface preparation should reference a Steel

Structures Painting Council (SSPC) specification when
possible. Drawings should show painting requirements
including the paint system, surface preparation, mil cov-
erage, number of coats, and color. Paint manufacturer’s
application recommendations should be available.

Galvanizing should reference the applicable ASTM
specification. ASTM A123 is typically referenced for
plates and shapes. ASTM A153 is referenced for hard-
ware. Venting and draining details should be indicated.

Metallizing requirements should be shown includ-
ing type of metallizing (e.g., zinc, aluminum, etc.),
surface preparation, mil coverage, and sealing.
Application instructions should be documented and
available. AWS C2.18 Guide for the Protection of
Steel with Thermal Sprayed Coatings of Aluminum
and Zinc and Their Alloys and Composites is a good
reference.

C7.1.4.5 Other Requirements
Examples of specific requirements include the 

following:

1. “Drilled-hole” for holes specified as drilled and not
punched;

2. “Hot-bend” when forming is to be done hot and not
cold; and

3. “Acceptable welding processes” when one or more
processes are unacceptable.

C7.2 FABRICATION

C7.2.1 Material
A wide variety of steels are used for steel pole

structures. This requires the Fabricator to carefully
maintain the material identity throughout fabrication.

C7.2.2 Material Preparation
Material preparation includes cutting, bending,

and machining. This standard defines the performance
requirements, but does not specify the methods to be
used to accomplish these operations.

C7.2.2.1 Cutting
Cutting includes operations such as shearing,

torch cutting, and sawing. Material that is to have
straight edges can be cut to size with a shear; however,
care must be taken to prevent cracks or other defects
from forming at the sheared edge. Limitations of sec-

tion size and length of the shear must be considered to
ensure a good cut.

Any curved or straight edge can be cut with a
burning torch. Care must be taken to prevent cracks or
other notch defects from forming at the prepared edge,
and all slag must be removed. Wherever practical, the
torch should be mechanically guided. Edges prepared
for welding or subject to high stresses should be free
from sharp notches. Reentrant cuts should be rounded.
Edges cut with a handheld torch may require grinding
or other edge preparation to remove sharp notches.
Steel can be cut with a reciprocating band saw–type
blade, circular stone saw, or friction saw.

C7.2.2.2 Forming
Braking, rolling, stretch bending, or thermal 

bending (cambering) are forming processes. Tubes 
of various cross sections, as well as open shapes 
(clips and brackets, for example), can be produced 
by braking. 

Roll forming is normally used for circular cross
sections. In roll forming, the plate is either formed
around an internal mandrel or rolled by forcing with
external rolls. Either constant cross-section or tapered
tubes can be made this way.

Tubes of various cross sections and tapers can be
made by pressing plates in specifically profiled punch
and die sets. Completed straight or tapered tubes can
also be pressed into a die set to form curved
crossarms.

Members may be straightened or cambered by
mechanical means or by carefully supervised appli-
cation of a limited amount of localized heat. The 
temperature of heated areas as measured by approved
methods shall not exceed 1,100°F (593°C) for
quenched and tempered steel or 1,200°F (649°C)
for other steels.

There are limits on the tightness of a bend that
can be made in a piece of steel. They are usually
expressed as a ratio of the inside radius of the bend to
the material thickness. Some of the factors that affect
the limits for a particular plate are the angle and the
length of the bend to be made, the mechanical proper-
ties and direction of the final rolling of the plate, the
preparation of the free edges at the bend line, and the
temperature of the metal. Separation of the steel can
occur during forming because of the method used,
radii and temperature, and/or imperfections in the
material.

Hot bending will allow smaller bend radii to be
used than cold bending. Improper temperature during
bending can adversely affect the material. Proper tem-
peratures can be obtained from the steel producer, test-
ing, or various AISC publications.
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C7.2.2.3 Holes
Typically holes may be punched in steel when the

relationship between the material thickness and the
hole diameter meets the recommendations of C6.2.6.
If the steel is to be galvanized, precautions against
steel embrittlement listed in ASTM A143 should be
followed.

Holes can be drilled in plates of any thickness.
Care should be taken to maintain accuracy when
drilling stacks of plates. Holes can be torch cut. The
torch should be machine-guided, and care should be
taken that the cut edges are reasonably smooth and
suitable for the stresses transmitted to them.

C7.2.2.4 Identification
Piece marks are typically at least 0.50 in. (13 mm)

in height. They are generally made either by stamping
or by a weld deposit, prior to any finish application.

C7.2.3 Welding
Welding may be performed using many different

processes and procedures, but should be in confor-
mance with AWS D1.1. AWS D1.1 applies to steels
equal to or greater than 0.12 in. (3 mm), while
AWS D1.3 applies to steel less than or equal to
0.188 in. (5 mm) thick. The shielded metal arc weld-
ing (SMAW), flux cored arc welding (FCAW), gas
metal arc welding (GMAW), submerged arc welding
(SAW), and resistance seam welding (RSEW) are the
weld processes most commonly used. 

Workmanship and quality of welds are critical to
the integrity of transmission pole structures. These
structures often have large base and/or flange plate to
shaft thickness ratios; thus, it is important that preheat-
ing be performed correctly. Improper preheating can
result in significant base/flange plate distortion and
premature weld failures.

If field welding is required, it should conform to
the requirements of shop welding, except that the weld
process may vary.

C8.0 TESTING

C8.1 INTRODUCTION

In a traditional proof test, the test setup is made to
conform to the design conditions; that is, only static
loads are applied, the prototype has level, well-
designed foundations, and the resultants at the load
points are the same as in the design model. This type
of test will verify the adequacy of the main compo-
nents of the prototype and their connections to with-
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stand the static design loads specified for that structure
as an individual entity under controlled conditions.
Proof tests provide insight into actual stress distribu-
tion of unique configurations, fit-up verification, per-
formance of the structure in a deflected position, and
other benefits. The test cannot confirm how the struc-
ture will react in the transmission line where the loads
may be more dynamic, the foundations may be less
than ideal, and there is some restraint from intact
wires at load points.

The Structure Designer is responsible for ensuring
that the structural design meets the loading, deflection,
clearance, and other design specifications set forth in
the contract. The Structure Designer should approve
the proposed procedure for prototype testing. Also, the
Structure Designer or designated representative should
be present at all times during the testing sequence and
approve each decision made during the process. The
Owner should review the testing arrangement for com-
pliance with the contract documents and the intent of
the test. The number, location, direction, holding time,
sequence, and increments of the test loads and the
number, location, and direction of deflection readings
should be specified by the Owner. The method of
attaching the test loads to the prototype, applying the
test loads, measuring and recording the test loads,
locations and type of strain gages, and measuring and
recording the deflections should be approved by the
Owner before testing begins.

Testing is commonly performed with the proto-
type in an upright position. Horizontal tests may be
useful for component development and may be used
for full prototype testing, providing all gravity loads
are added or deducted as appropriate. Horizontal test-
ing of full-scale structures may be used to prove the
ability of a pole to withstand maximum design stress.
All critical points along the pole shaft should be tested
to this maximum stress level. Horizontal testing is 
primarily used to verify the structural integrity of 
freestanding, single pole structures. One method of
horizontal testing is shown in Appendix III.

C8.2 FOUNDATIONS

The type, rigidity, strength, and moment reactions of
the actual attachments of a prototype to a test bed may
affect the ability of the members to resist the applied
loads. Therefore, the restraint conditions of the test
foundation should be as close as possible to the
expected design conditions.

Pole structures that are designed to be attached to
foundations through anchor bolts should be tested on
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an anchor bolt arrangement attached to the test facility
foundation in a manner that will best simulate the
design conditions. Leveling nuts, if used, should be set
at approximately the same height that will be used
during line construction.

Normally, for direct-embedded structures, only
the above-ground portion of the structure is tested by
having all of the controlling design load cases applied.
The prototype should be furnished with special base
sections that can be attached to the test facility founda-
tion through anchor bolts or by direct welding. If the
structure has been designed for a point of fixity below
ground line, the length of the main shaft or shafts
should be extended to ensure the point of maximum
moment on the shaft is tested.

Since soil properties at a test facility probably will
not match the properties of the soil on the transmission
line, foundation tests, when required, should be done
at the line site. For most structures, a simplified, one-
load case test that develops the critical overturning
moment and associated vertical load will be sufficient.

C8.3 MATERIAL

All prototype material should conform to the mini-
mum requirements of the material specified in the
design. Because of the alloying methods and rolling
practices used by the steel mills, all steel plates have
yield strength variations. Although desirable, it is
impractical to limit the maximum yield strengths of
the materials used for the fabrication of a prototype.
Test loads should not be increased as a means of
accounting for material yield strengths that are in
excess of the specified minimum values.

C8.4 FABRICATION

Normally, the finish is not applied to the prototype for
the test unless specified by the Owner. Nonstructural
hardware attachments such as ladders, step bolts, etc.,
are not normally installed on the prototype.

C8.5 STRAIN MEASUREMENTS

Stress determination methods, primarily strain gaging,
may be used to monitor the loads in individual mem-
bers during testing. Comparison of the measured 
unit stress is useful in validating the proof test and
refining analysis methods. Care must be exercised
when instrumenting with strain gages, as to both 

location and number, to ensure valid correlation with
design stress levels.

C8.6 ASSEMBLY AND ERECTION

It may be desirable to specify detailed methods or
sequences for erecting the prototype to prove the
acceptability of the proposed field erection method.
Pick-up points designed into the structure should be
used as part of the test procedure.

After the prototype has been assembled, erected,
and rigged for testing, the Owner should review the
testing arrangement for compliance with the contract
documents.

Safety guys or other safety features may be
loosely attached to the prototype. They are used to
minimize consequential damage to the prototype or 
to the testing equipment in the event of a failure, espe-
cially if a test-to-destruction is specified. Load effects
of the safety guys should be minimized during the test.

C8.7 TEST LOADS

Destruction is defined as the inability of the prototype
to withstand the application of additional load. The
destruction case should have a maximum percent over-
load established prior to testing.

C8.8 LOAD APPLICATION

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
strut or post insulators are planned for the structures,
members that will simulate the insulators should be
used.

As the prototype deflects under load, load lines
may change their direction of pull. Adjustments should
be made in the applied loads so that the vertical, trans-
verse, and longitudinal vectors at the load points in the
deflected shape are the loads specified in the loading
schedule.

C8.9 LOADING PROCEDURE

It is customary that load cases having the least influ-
ence on the results of successive tests be tested first.
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Another consideration should be to simplify the opera-
tions necessary to carry out the test program.
Normally loads are applied to 50%, 75%, 90%, and
100% of the factored design loads. The 100% load 
for each load case should be held for 5 minutes.
Unloading should be controlled to avoid possible 
damage or overload to the prototype.

Loads should be reduced to a minimum level
between load cases except for noncritical load cases
where, with the Structure Designer’s approval, the
loads may be adjusted as required for the next load
case.

C8.10 LOAD MEASUREMENT

All applied loads should be measured as close to the
point of attachment to the prototype as practical. 
The effects of pulley friction should be minimized.
Load measurement by monitoring the load in a 
single part of a multipart block and tackle should be
avoided.

C8.11 DEFLECTIONS

Points to be monitored should be selected to verify the
deflections predicted by the design analysis. 

Also, it should be realized that measured and cal-
culated deflections might not agree. There are two
main reasons for this. First, the calculations for deflec-
tions generally do not include the effect of deflection
and distortion within the joints and connections.
Second, the actual stresses reached during testing
often approach the yield strength of the material,
which, by definition, includes some permanent set in
the steel. 

Upon release of test loads after a critical test case,
a prototype normally will not return fully to its unde-
flected starting position. 

C8.12 FAILURES

The prototype is normally considered acceptable if it
is able to support the specified loads with no structural
failure of prototype members or parts and has no visi-
ble local deformation after unloading. If a retest is
required, failed members affected by consequential
damage should be replaced. The load case that caused
the failure should then be repeated. After completion
of testing, the prototype should be dismantled and
inspected.
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C8.13 POSTTEST INSPECTION

The Owner should indicate any special inspection
requirements in the contract documents.

C8.14 DISPOSITION OF PROTOTYPE

An undamaged prototype is usually accepted for use in
the transmission line after all components are
inspected in accordance with the test procedure and
are found to be structurally sound and within the fabri-
cation tolerances.

C8.15 REPORT

The following information is typically included in the
test report:

1. The designation and description of the prototype
tested.

2. The name of the Owner.
3. The name of the person or organization (Line

Designer) that specified the loading, electrical
clearances, technical requirements, and general
arrangement of the prototype.

4. The name of the Structure Designer.
5. The name of the Fabricator.
6. A brief description and the location of the test

facility.
7. The names and affiliations of the test witnesses.
8. The dates of each test-load case.
9. Design and detail drawings of the prototype,

including any changes made during the testing 
program.

10. A rigging diagram with details of the attachment
points to the prototype.

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 case of failure:

a. Photographs of prototype and all failed 
members.

b. Loads at the time of failure.
c. A brief description of the failure.
d. The remedial actions taken.
e. The measured dimensions of the failed 

members.
f. Test coupon reports of failed members.

15. Photographs of the overall testing arrangement
and rigging.
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16. Air temperature, wind speed and direction,
any precipitation, and any other pertinent 
meteorological data.

17. Mill test reports submitted in accordance with
Section 8.3.

18. Foundation condition information.
19. Additional information specified by the Owner.

C9.0 STRUCTURAL MEMBERS AND CONNEC-
TIONS USED IN FOUNDATIONS

C9.1 INTRODUCTION

The material in Section 9.0 covers structural members and
connections normally supplied by the steel pole fabricator.
Numerous factors enter into the selection of a foundation
type, including, but not limited to, the following:

• geotechnical considerations; 
• foundation loading; 
• base size of structure; 
• rotation and deflection limitations; 
• economics;
• aesthetics;
• contractor experience; 
• available equipment; 
• site accessibility; and 
• environmental concerns.

Many different foundation systems have been devel-
oped to meet the variety of steel pole support needs.
Three foundation types have become prevalent and 
are addressed in this standard: drilled shaft with
anchor bolts (Fig. C9-1); direct-embedded founda-
tion (Fig. C9-2); and embedded casing foundation

(Fig. C9-3). Other types of foundations (spread, pile,
rock anchor foundations, etc.) may be considered for
specific applications and should be designed according
to an appropriate engineering standard.

FIGURE C9-1. Drilled Shaft Foundation with
Anchor Bolts.

FIGURE C9-2. Direct-Embedded Pole.
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C9.2 GENERAL CONSIDERATIONS

In selecting the type of foundation, the Owner should
consider the type of structure, importance of the struc-
ture, allowable foundation movement or rotation, and
geotechnical conditions.

Foundation type, point of design fixity, rotation,
deflection, and reveal have a significant impact on
structure loading and cost and are of particular impor-
tance to the Structure Designer. 

The following should be considered in foundation
design:

Soil Characteristics: Adequate geotechnical
exploration is necessary to determine the best type and
size of foundation for the given soil or rock character-
istics. The geotechnical report developed from the
exploration should include design criteria for assessing
the axial and lateral capacity as well as displacements.
Chemical tests also are appropriate if corrosion is 
a problem. The cost of additional exploration should
be compared against a more conservative foundation
design. The savings realized from optimally designed
foundations can more than offset the cost of the 
geotechnical evaluation.

Displacements: Foundation displacement and
rotation should be considered in the line and structure
design. Excessive displacement or rotation can create
an undesirable appearance, cause load redistribution,
impact conductor sag adversely, and require future
plumbing or adjustment of the structure.

Loads: All foundation loads are to be supplied by
the Structure Designer. Foundation designs should
provide for all dead and live loads, horizontal shear,
overturning moment, torsion, uplift, or compression
loads. The Owner has the responsibility for selecting
minimum factors of safety used in the foundation
design. Care should be taken to avoid combining 
load factors used in the structure design and addi-
tional factors of safety applied in the geotechnical
analysis.

Corrosion protection: Embedded steel shafts/
casings may require special protection. In some cases,
it may be necessary to apply an additional protective
coating, such as a bitumastic compound, polyurethane
coating, galvanizing, or paint to the steel. Cathodic
protection can be used to inhibit corrosion. Consid-
eration may also be given to adding a ground sleeve 
or to increasing the thickness of steel members
exposed to corrosive ground conditions. Concrete
encasement or reinforced concrete foundations are
often used for poles located in highly corrosive envi-
ronments, such as ash pits, industrial drainage areas,
and oil refineries. 
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C9.3 ANCHOR BOLTS

The drilled shaft is a type of foundation that is used
extensively with anchor bolts. The minimum founda-
tion diameter is determined by the diameter of the bolt
circle, bolt diameter, and the necessary concrete clear
cover. The minimum length of the anchor bolts should
be determined by the Structure Designer in accordance
with the number and size of bolts used. Typical rein-
forcing methods include development-length anchor
bolts plus reinforcing steel as well as full-length
anchor bolt cages, either with or without additional
reinforcing steel. Depending on the geotechnical con-
ditions and the foundation loads, the use of full-length
anchor bolts can provide cost savings.

Most design codes do not address the design of
anchor bolts and anchor bolt embedment. Typically the
Structure Designer designs the anchor bolt to resist the
groundline forces. The Foundation Engineer designs
the foundation for the same groundline forces plus any
additional loads that would produce a maximum foun-
dation bending moment. 

Threaded reinforcing bar is the most common
type of anchor bolt used for connecting steel transmis-
sion pole structures to concrete foundations. For
threaded reinforcing bar, the anchor bolt material
should be limited to ASTM A615, grade 60 for 
bars #5 through #18 and grade 75 for bars #11 
through #18 and #18J (ASTM A615M, grade 400 for
bars 10M–55M and grade 500 for bars 35M–55M).

C9.3.1 Bolts Subject to Tension
The load factor(s) applied to the structure loads,

and the ratio of will provide some additional
factors of safety above that computed by the equations.

C9.3.2 Shear Stress
The shear is transmitted from the bolt to the con-

crete through the bearing of the bolt at the surface,
forming a concrete wedge approximately of the
bolt diameter in depth.

C9.3.3 Combined Shear and Tension
For steel transmission poles, anchor bolts are

bearing-type connections that should include threads
in the shear plane when sizing the bolt. The literature
presents various equations for approximating the shear
and tension interaction. For the interaction equation to
be valid, the anchor bolts should have no more than
2 bolt diameters separating the bottom of the base
plate and the top of the concrete. If the distance is
greater than 2 bolt diameters, then bending in the 
bolt should be included when sizing the anchor bolt.

1�4
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C9.3.4 Development Length
The #18J (55M) reinforcing bar meeting

ASTM A615 grade 75 (500) has been successfully
used for anchor bolts by the industry for many years.
Until 1989, anchor bolt embedment length calculations
have been based upon the ACI 318 development-
length provisions for the deformed reinforcing bar.
Revisions to ACI 318 in 1989, 1995, and 1999 first
increased and then decreased the development-length
requirements. The committee decided to continue the
industry practice of using the development-length 
provisions of ACI 318-83 for determining embedment
length threaded, deformed reinforcing bars used as
anchor bolts.

The development-length calculations are applica-
ble only to uncoated reinforcing bars. Development
length and anchorage value calculations for headed
anchor bolts are shown in Appendix IV.

C9.4 DIRECT-EMBEDDED POLES

Direct-embedded pole foundations utilize the bottom
portion of the steel pole as the foundation member
reacting against the soil, rock, and/or backfill.

A direct-embedded pole foundation typically is
designed to transfer overturning moments to the in situ
soil, rock, or backfill by means of lateral resistance.
Axial loads can be resisted by a bearing plate installed
on the base of the pole. Additional bearing capacity
can be realized by installing base expanding devices.
The quality of backfill, method of placement, and the
degree of compaction greatly affect the strength and
rotation of the foundation system and, thereby, the
design of the embedded pole. Direct-embedded pole
foundations have become popular because of their 
relatively low installation cost. When using direct-
embedded poles where there is a high water table,
buoyancy of the pole should be considered.

C9.5 EMBEDDED CASINGS

Embedded steel casing foundations are round or regu-
lar polygonal tubular steel members that serve as the
foundation to which the bottom of the steel pole is
attached.

The bottom of the steel pole structure is attached
to the casing by either a “socket” or “base plate” type
connection. In a “socket” type connection, the above-
ground structure is set inside the steel casing. The
annular space, usually from 3 to 9 in. (76 to 229 mm)
between the structure and the steel casing, is then
filled with either grout or concrete. 

In a “base plate” connection, the flange of the
above-ground structure is bolted to a flange on 
the steel casing. Bolting can be done on either 
the inside or the outside of the casing. The structure
can be plumbed by adjusting leveling nuts.

Vibratory steel caisson foundations have been
used to support steel structures. The steel caisson is
vibrated into the ground by the use of a vibratory ham-
mer. The steel caisson is commonly fitted with rein-
forcing plates or “driving ears” for the purpose of
attaching the vibratory hammer.

The wall thickness of the vibratory steel caissons
should be sized not only to resist the stresses due to
the groundline reactions, but also to prevent buckling
or fatigue cracking during installation. A minimum
wall thickness of 3/8 in. (10 mm) is common. The
geotechnical design parameters for the design of 
vibratory steel caissons in looser soils are improved
because of densification caused by the vibratory 
installation.

C10.0 QUALITY ASSURANCE/QUALITY 
CONTROL

C10.1 INTRODUCTION

A well-planned and executed quality assurance
(QA)–quality control (QC) program is necessary to
ensure delivery of acceptable material in a timely
manner. The objective of the program is to establish
that materials are in conformance with the specifica-
tions of the purchase contract. A clear and concise
contract between the Owner and the Fabricator is an
important part of the procedure necessary to obtain
acceptable steel transmission pole structures. The
responsibilities of the Owner and the Fabricator should
be defined in the contract so that no part of the process
used to purchase, design, manufacture, inspect, test,
construct, or deliver material is omitted.

C10.2 QUALITY ASSURANCE

The Owner’s bid documents should outline the QA
methods, types of inspections, and records that will be
required to determine the acceptability of the product
at each stage of the design, manufacturing, structure
testing, and field construction process.

Quality assurance is responsible for the methods
followed to establish appropriate review and interface
with the Fabricator’s quality control procedures. This
will ensure that the contract can proceed smoothly,
that proper communication channels are established
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with the responsible personnel to minimize confusion,
that the Owner’s requirements are properly met, and
that proper guidance and adequate technical support
are provided throughout the period of the contract.

The Owner should determine, by site visit if
required, that the Fabricator’s equipment and process
facilities are adequate to meet the requirements of the
quality assurance specification, that fabrication proce-
dures are satisfactory, that tolerances are within speci-
fied limits, and that the existing quality control pro-
gram is satisfactory.

C10.2.1 Design and Drawings
The quality assurance specification should specify

the procedure for reviewing the stress analyses of the
main structure and all component parts, including
attachments and connections. The Fabricator’s draw-
ings should be checked to ensure that they contain
proper and sufficient information for fabrication and
erection in accordance with the requirements of the
Owner’s specification.

C10.2.4 Nondestructive Testing
The Owner may specify that the Fabricator fur-

nish copies of testing and inspection reports. The
Owner may also perform independent random sample
testing to verify results of the Fabricator’s testing.

C10.2.5 Tolerances
Dimensional variations can affect the structural

performance, ease of assembly, electrical clearances,
and structure appearance. The Fabricator and the
Owner should agree on the fabrication tolerances that
will achieve the specified performance.

C10.2.6 Surface Coatings
Blast cleaning of weathering steel structures may

be specified if a clean and uniformly weathered
appearance is important in the structure’s initial years
of exposure. In time, even a nonblast cleaned steel
structure will usually develop a uniform oxide coating.

C10.2.7 Shipping
Prior to the start of fabrication, the Owner should

review the Fabricator’s methods and procedures for
packing and shipping and agree upon the mode of
transportation.

When receiving materials, the Owner is responsi-
ble for checking to see that all materials listed on the
accompanying packing lists are accounted for. When a
discrepancy is detected, both the carrier and the
Fabricator should be notified.
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C10.3 QUALITY CONTROL

A quality control program should be established in 
a manner that provides open avenues of communica-
tion throughout the Fabricator’s plant. It should be
headed by a manager with the overall authority and
responsibility to establish, review, maintain, and
enforce the program. As a minimum, the QC program
should identify key personnel who are responsible for
planning and scheduling, engineering, drafting, pur-
chasing, production, testing, shipping, and appropriate
quality control checks. The quality control inspectors
are responsible for determining that the product meets
the level of quality established by the Fabricator’s
standards and the specific requirements of the 
Owner.

C10.3.1 Materials
The Fabricator’s records should show all pertinent

information on all component parts. This may take the
form of a “traveler” on major components. The trav-
eler generally contains pertinent information on items
such as materials, welding procedures, welder’s identi-
fication, type of inspection, inspector’s test results,
records of all visual and nondestructive testing, inspec-
tor’s identification, and other items agreed upon by the
Owner and the Fabricator.

C10.3.3 Dimensional Inspection
Any structure that is of unique and/or complex

design should be shop assembled prior to shipment.
Mating parts should be matchmarked.

C10.3.4 Surface Coating Inspection
The surface of structural steel prepared for 

spraying should be inspected visually. The metallized
coating should be inspected for thickness by a mag-
netic thickness gauge. Any metallized surface that
exhibits visible moisture, rust, scale, or other contami-
nation should be reblasted before spraying. Defective
areas should be sandblasted clean prior to respraying,
except where the rejection results from insufficient
thickness.

C10.3.5 Weld Inspection
Not all inspection personnel need to be qualified

to AWS QCI. Visual inspection may be performed by
noncertified inspectors under the supervision of a cer-
tified welding inspector (CWI).

After galvanizing, nondestructive weld testing
should be considered to ensure that there have been no
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adverse effects to the finished product. This is espe-
cially important for large “T” type weld joints such as
base plate welds.

The Fabricator should establish written nonde-
structive testing procedures and train nondestructive
testing personnel in accordance with the guidelines of
The American Society for Nondestructive Testing
Recommended Practice No. SNT-TC-IA.

Nondestructive testing can be used to detect mate-
rial and welding flaws. Present methods include
visual, magnetic particle, dye penetrant, ultrasonic,
radiographic, and eddy current. Each of these methods
has inherent limitations.

Magnetic particle (MT) is a practical method for
detecting tight surface cracks. MT inspection should
be in accordance with ASTM E709.

Dye penetrant (PT) is a very reliable method for
detecting any cracks or porosity that are open to the
test surface. PT inspection should be in accordance
with ASTM E165.

Ultrasonic (UT) is the only practical method of
determining weld quality in the base and flange con-
nection welds. It is also very reliable in detecting
small cracks and internal flaws in other complete pen-
etration welds. It should be noted that AWS D1.1/
D1.1M does not provide any specific guidelines for
ultrasonic testing of plate less than 5�16 in. (8 mm )
thick or for welds using backing bars. It is recom-
mended that the Fabricator follow the procedure 
established by AWS D1.1/D1.1M, Section 6.27.1, in
developing a specific inspection procedure.

Radiographic (RT) is a method that provides a
permanent record of the test results. However, its use
is limited on many types of weldments (e.g., base and
flange connections) where it is difficult, if not impos-
sible, to position the film to record the entire weld
joint. It is also possible to miss tight cracks that lie
normal to the RT source and film.

Eddy current (ET) techniques have limited appli-
cation in the determination of weld penetration and the
detection of cracks.

Additional information on the limitations and
complementary use of each method is explained in
ANSI/AWS B1.10, Guide for Nondestructive
Inspection of Welds.

C10.3.6 Shipment and Storage
The quality control program should establish pro-

cedures that specify the methods, materials, documen-
tation, and Owner’s special requirements for handling,
storing, preserving, packaging, packing, marking,
material releasing, and shipment.

C11.0 ASSEMBLY AND ERECTION

C11.1 INTRODUCTION

This commentary provides information supporting and
explaining the requirements of Section 11.0.
Additional relevant information on assembly and erec-
tion of steel transmission pole structures can be found
in Appendix V. Section 11.0 identifies assembly and
erection practices that are required to ensure adherence
to structure design assumptions and to prevent actions
that could compromise structural integrity, but does
not address all aspects of structure installation. The
formulation of a complete installation specification is
the responsibility of the Line Designer. Additional
information and recommendations for structure assem-
bly and erection may be obtained from the IEEE
Guide to the Assembly and Erection of Metal
Transmission Structures (IEEE Publication 951). 

C11.2 HANDLING

The specifications, design, and detailing of pole struc-
tures should consider limits to length, size, and weight
of individual members because of shipping, handling,
terrain, and equipment restrictions. In setting weight
limits, the Owner should consider that actual structure
weights can deviate by as much 15% from the
Fabricator’s calculated weights because of mill and
fabrication tolerances.

Pole sections can be stored at a centralized mar-
shaling yard or at the installation site. Poles stored at a
marshaling yard can be partially or fully assembled
prior to transportation to the installation site.

Care to prevent damage to protective coatings
should be taken in both the shipping and the handling
of pole members. Pole sections should be protected
from chain tie-downs on trucks by plastic or nylon
sheets. Slings for lifting should be nylon or other non-
metallic material.

Pole sections should be stored on blocks and crib-
bing to prevent contact with the ground. The amount
and spacing of the cribbing should be arranged to pre-
vent excessive deflection during storage.

C11.3 SINGLE POLE STRUCTURES

The decision to use aerial or ground assembly depends
on individual site considerations and the Owner’s pref-
erence. To minimize the need to install equipment in
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the air, davit arms, line hardware, insulators, stringing
blocks, ropes, and grounds as applicable are usually
installed on the structure prior to erection.

C11.3.1 Slip Joints
Poles assembled on the ground should have sec-

tions blocked level prior to joint assembly. Care
should be taken to properly align the sections using
marks specified by the Fabricator and as shown on the
Fabricator’s drawings, and proper orientation of arms,
brackets, and climbing accessories should be verified.
The maximum and minimum lap lengths should be
marked on the lower section. The sections should 
be overlapped as far as possible prior to application of
jacks or other mechanical assembly equipment. Final
assembly should be made using jacking force or other
means as specified. Movement of one section during
final assembly using a boom or other effective means
will aid in the successful assembly of the slip joint.

When slip joints are assembled in the air, the bot-
tom pole section is set on the foundation, or embedded
in the excavation, and plumbed. The section being
added should be as plumb as possible during lowering
so as to prevent binding of the sections during overlap-
ping. The upper section should be slowly lowered onto
the lower section. Mechanical means to complete the
joint assembly should be employed as specified by the
Structure Designer. The weight of the upper section
alone can produce a slip joint that is difficult to disas-
semble, so it is especially important to ensure proper
alignment of sections when assembling in the air.

Special lubricants to aid in the assembly of slip
joints are generally not required. If used, the lubricant
should be nonstaining and water-soluble. The use and
type of lubricant should be approved by the Structure
Designer.

Sections should be carefully aligned to produce a
tight, even joint without major gaps between the two
sections. The use of shims to fill gaps between poorly
mated sections in a slip joint is not recommended. Slip
joints transfer load through friction between the sec-
tion surfaces, and the use of shims will interfere with
the load transfer and reduce the load transfer capacity
of the joint.

C11.3.2 Bolted Flange Joints
The flange bolts should be brought to a snug-tight

condition. As flange bolts are brought to a snug-tight
condition, all of the faying surface may not be in 
contact.

Final bolt tensioning should follow a sequence to
provide for even tensioning of all bolts and to ensure
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section alignment. A pair of bolts on opposite sides of
the joint should be tensioned followed by a similar
pair until all bolts are tensioned.

Proper bolt tensioning in flange joints is required
because of the cyclic nature of the loading. High-
strength bolts are susceptible to cracking when sub-
jected to high stress fluctuations, and pretensioning of
the bolts by the turn-of-nut or other approved method
ensures a more constant bolt stress and prevents bolt
failure.

Flange plates used for pole joints are relatively
thick as compared to material common to joints in
other types of structures, and acceptable fabrication
misalignments or plate distortion can result in small
gaps between the flanges, even after final bolt tension-
ing. These gaps, within permitted limits, are not injuri-
ous to the load transfer capability of the joint. Larger
gaps may be filled by shims.

C11.3.3 Attachments to Pole Sections
Some attachments to pole sections, such as 

arms that use box or bracket type connections in
which the bolts act as pin connectors, do not have 
true faying surfaces and are intentionally loose-
fitting.

C11.3.4 Erection of Assembled Structures
The structure should be laid out at the installation

site to minimize erection effort and ensure safety. A
temporary link between slip-jointed sections should be
installed to prevent loosening or separation of the sec-
tions during lifting. The jacking attachment nuts can
often be used for attachment of the link.

Poles may be erected using lifting lugs (if
installed) or a choker. The lift point for the choker will
be field-determined and is dependent upon the assem-
bled arrangement of the pole, including accessories
such as line hardware. Tall, slender poles, such as
guyed structures, can require two-point lifting or other
special rigging to prevent excessive deflection and/or
stress during the lift.

C11.4 FRAME TYPE STRUCTURES

The most common type of frame structure is the
H-frame. Another typical frame structure is the four-
legged A-frame commonly used as a substation termi-
nation structure. The assembly process for frame
structures is similar to that used for single pole struc-
tures, and the same discussion and recommendations
given in Section C11.3 apply.
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C11.4.1 Slip Joints in Frames
Slip-jointed legs of frame structures should be

assembled on the ground to allow variations in leg
lengths caused by slip tolerance to be compensated for by
adjusting the anchor bolt system or embedment length.

C11.4.2 Erection
Crossarms and cross bracing, if used, can be

installed on the ground and the structure erected as a
unit. Special care should be taken to maintain structure
geometry. The correct distance between the legs
should be ensured before tightening the connections.

A spreader bar or yoke should be used between
the two legs of an H-frame type structure during lift-
ing. Tag lines or equipment such as bulldozers, trucks,
or tractors can be used to guide the structure to the
foundation.

Installation on anchor bolt foundations could
require installing one leg on its foundation, and then
moving the second leg to position for installation on
its foundation. Chain hoists, winches, or other means
may be employed for this alignment as permitted by
the Owner. Care should be taken to protect the anchor
bolt threads from damage during erection and align-
ment of the structure. Once placed on the foundation,
the structure should be plumbed and the anchor bolts
tightened.

Frame structures with single-piece legs, or flange-
bolted leg joints, are recommended for aerial assembly
applications. H-frame structures can be erected one leg
at a time, followed by the top section consisting of the
crossarm and static masts either assembled and lifted
as a unit or lifted and assembled individually. Cross
bracing can be added as the final pieces in the struc-
ture assembly.

Routine fabrication and construction tolerances
will require adjustment and alignment of members
during assembly. Assembly of larger frames can
require mechanical aid to deflect or rotate members to
align connections. To facilitate the erection and assem-
bly process, maximum adjustability should be main-
tained in a frame structure during assembly by leaving
all connections loosely bolted. When assembly is com-
plete, connection bolts should be tightened and the
structure checked for vertical alignment (either
plumbed or raked as required by the Line Designer).

C11.5 INSTALLATION ON FOUNDATION

For related information concerning helicopter erection,
see Appendix V.

C11.5.1 Anchor Bolt and Base Plate Installation
The anchor bolt and base plate foundation system

typically uses two nuts to attach each anchor bolt to the
pole base plate. One nut is set below the base plate,
and the other nut is set above the base plate. The base
plate does not directly bear on the foundation surface,
and bearing is not considered in the structure design.

Prior to structure erection, one nut is installed on
each anchor bolt and turned down on the bolt to allow
installation of the pole base plate and the top nut. The
pole is lifted and set on the anchor bolts and bottom
nuts, and the top nuts are installed and hand tightened.
The pole is checked for alignment and plumb or, if a
compensating deflection is being set, the pole is
leaned to provide the desired deflection by adjusting
both top and bottom nuts as required. For frame struc-
tures being assembled in the air, the anchor bolt nuts
should be left snug tight to allow for movement until
assembly is complete.

Tightening of anchor bolt nuts is accomplished by
snug tightening all top nuts first, and then snug tight-
ening all bottom nuts. Bottom nuts are checked to
ensure firm contact with the base plate, and then all
top nuts are tightened in accordance with the
Fabricator’s requirements.

Following installation, anchor bolt nuts can be
secured to prevent loosening during service. The nuts
may be secured by mechanically damaging the bolt
threads, using a mechanical locking system, using a
jam nut, or applying a tack weld between the anchor
bolt nut and the base plate. Welds should not be
applied to the bolt.

C11.5.2 Direct-Embedded Poles
The pole section is placed in the excavation,

aligned, and oriented. Then the excavation is back-
filled. Care should be taken during the backfilling and
compaction process to prevent damage to the protec-
tive coating of the embedded pole section.

Specific recommendations and requirements
should be made by the Line Designer as to the type of
material and method of placement of backfill. This
helps ensure that the in-service behavior of the pole
will be in accordance with design assumptions regard-
ing pole rotation at groundline.

C11.6 GUYING

C11.6.1 Guy Anchor Location
The accurate location of guy anchors is critical to

the proper distribution of loads in the structure.

ASCE/SEI 48-05

43

This is a preview of "ASCE/SEI 48-05". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCESEI4805?source=preview


Changes in guy angles, either horizontal or vertical,
and guy lengths can cause dramatic changes in struc-
ture forces from those predicted in design. It is vital
that any field conditions that require a change in guy
geometry be referred to the Structure Designer for
review.

C11.6.2 Guy Installation
The Structure Designer should identify to the Line

Designer the need for timely guy installation and any
temporary guying required to provide structure stabil-
ity prior to line completion. Some designs require
immediate guy installation to resist even routine wind
loading, while other designs use guys only to resist
applied conductor and ground wire loads. Additional
information for installation of guys can be found in
Chapter 7, “Design of Guyed Electrical Transmission
Structures,” ASCE Manuals and Reports on
Engineering Practice No. 91.

C11.7 POSTERECTION PROCEDURES

For additional information concerning recommended
maintenance practices, refer to Appendix V.

C11.7.1 Inspection
Structures assembled in the air, where joints were

initially assembled loosely bolted, should have all
joints tightened and inspected for conformance with
the Fabricator’s requirements. Damage to protective
coatings should be noted and touch-up repairs should
be made. Final checks of alignment and plumb 
should be made.

C11.7.2 Grounding
In some cases bonding jumpers may be required

to provide electrical continuity across structural 
joints to ensure a continuous ground path through 
the structure.

C11.7.3 Coating Repair
The damaged area of a galvanized coating should

be cleaned using a wire brush and solvent, if neces-
sary, to remove rust, grease, and other foreign matter.
When dry, the area should be coated with a cold galva-
nizing product, as approved by the Owner, with as
many coats applied as necessary to reach the required
dry film thickness. Refer to ASTM A780 for addi-
tional information.

The damaged areas of paint coatings should be
cleaned using a wire brush, scraper, and/or solvent as

DESIGN OF STEEL TRANSMISSION POLE STRUCTURES

necessary to remove rust, grease, and other foreign
matter. It might be desirable to lightly sand the edges
of the repair area to feather the touch-up paint into the
existing coating. The damaged areas should be dry
prior to coating. If damage is limited to the finish or
top coat, apply one coat of properly mixed paint to 
the required dry film thickness. If damage includes the
primer, the appropriate touch-up primer should be
applied to the required dry film thickness and allowed
to properly cure prior to application of the top coat.
Care should be taken to ensure that the paint manufac-
turer’s recommendations are followed during field
application.

C11.7.4 Unloaded Arms
Conductors or ground wires attached to arms pro-

vide a vibration dampening effect to the arms. When
conductors or ground wires will not be installed on the
arms integrally with the line construction, the arms
might be susceptible to damage from wind-induced
oscillations of the unloaded arm. The symmetrical
shape of the arms and the absence of the vibration
dampening effect of attached conductors, ground
wires, and assemblies can result in damaging oscilla-
tory movements, even in relatively low wind veloci-
ties. The tension-compression cycling of the arms can
cause fatigue cracking and arm failure.

When arms are installed without the planned con-
ductor or ground wires, it may be necessary to provide
remedial measures, either in the original design and
fabrication or after installation in the field, to dampen
the oscillations. Examples of these measures are inter-
nal or external dampening devices, internal cables,
installing weights, temporary tiebacks, and insulator
assemblies. The Structure Designer should be con-
sulted to determine what measures, if any, should be
employed for each specific circumstance.

For additional information concerning wind-
induced vibration and oscillation of structures and
members, see Appendix V.

C11.7.5 Hardware Installation
Aeolian vibration of conductors and static wires is

a common occurrence. The severity of the vibration 
is dependent upon the tension-to-strength ratio of the
installed conductors, span lengths, wind speed, and
average annual minimum temperature. It is common
practice to require installation of vibration dampers
within two weeks of conductor installation. Without
damper installation, wind-induced oscillations could
be transmitted from the conductors and cause vibration
of the structure components. 
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APPENDIX I NOTATION

The following symbols are used in the standard:

A � cross-sectional area, in.2 (mm2);
ABC � total anchor bolt cage net cross-sectional

area, in.2 (mm2);
Aeff � foundations effective projected stress area

of concrete, in.2 (mm2);
Ag � gross cross-sectional area, in.2 (mm2);
An � net cross-sectional area, in.2 (mm2);
Ar � cross-sectional area at root of the threads,

in.2 (mm2);
As � tensile stress area of bolt, in.2 (mm2);

As(req’d) � required tensile stress area of bolt, in.2 (mm2);
At � tensile stress area, in.2 (mm2);

BR � effective bend radius, in. (mm);
c � distance from neutral axis to point where

stress is checked, in. (mm);
cx � distance from Y-Y axis to point where stress

is checked, in. (mm);
cy � distance from X-X axis to point where stress

is checked, in. (mm);
Cc � column slenderness ratio separating elastic

and inelastic buckling;
d � diameter of bolt, in. (mm);

dh � diameter of hole, in. (mm);
Do � outside diameter of tubular section, in. (mm);
E � modulus of elasticity, 29,000 ksi (200 GPa );
fa � stress, in tension or compression, on a

member, ksi (MPa);
Fa � permitted compressive stress, ksi (MPa);
fb � bending stress on a member, ksi (MPa);
fbr � bearing stress, ksi (MPa);
Fb � permitted bending stress, ksi (MPa);

� specified compressive strength of concrete
at 28 days, ksi (MPa);

Fc � effective concrete tensile capacity, ksi (MPa);
Fcr � critical stress for local buckling, ksi (MPa);
Ft � permitted tensile stress, ksi (MPa);

Ft(v) � permitted axial tensile stress in conjunction
with shear stress, ksi (MPa);

Fu � specified minimum tensile stress, ksi (MPa);
fv � shear stress, ksi (MPa);

Fv � permitted shear stress, ksi (MPa);
Fy � specified minimum yield stress, ksi (MPa);

I � moment of inertia, in.4 (mm4);
IBCx � anchor bolt cage moment of inertia about 

X-X axis, in.4 (mm4);
IBCy � anchor bolt cage moment of inertia about 

Y-Y axis, in.4 (mm4);
Ix � moment of inertia about X-X axis, in.4 (mm4);

f�c

Iy � moment of inertia about Y-Y axis, in.4 (mm4);
J � torsional constant of cross section, in.4

(mm4);
K � effective length factor;

KL�r � slenderness ratio;
L � unbraced length, in. (mm);
ld � basic development length of anchor bolt,

in. (mm);
Ld � minimum development length (embedment)

of anchor bolt, in. (mm);
Le � minimum distance, parallel to the load,

from center of hole to edge of the member,
in. (mm);

Ls � minimum distance, perpendicular to the
load, from center of hole to edge of the
member, in. (mm);

M � bending moment, in-kip (mm-N);
Mt � resultant groundline moment, in.-kip 

(mm-N);
Mx � bending moment about X-X axis, in.-kip

(mm-N);
My � bending moment about Y-Y axis, in.-kip

(mm-N);
n � number of threads per unit length, in. (mm);

total number of bolts;
P � axial load, tension, or compression, on

member or guy, kips (N); actual force trans-
mitted by bolt or pin, kips (N);

Pmax � maximum tension force permitted in the
guy, kips (N);

RBS � minimum rated breaking strength of guy,
kips (N);

Q � moment of section about neutral axis, in.3

(mm3);
r � governing radius of gyration, in. (mm);
s � center-to-center spacing between bolt holes,

in. (mm);
t � thickness of element, in. (mm);

T � torsional moment, in-kip (mm-N);
Ts � bolt tensile force, kips (N);
V � shear force, kips (N);
w � flat width of element, in. (mm);
xi � distance of bolt from Y-Y axis, in. (mm);
yi � distance of bolt from X-X axis, in. (mm);

� unit factor as specified in the text;
� unit factor as specified in the text;
� ratio of required tensile area to the gross

area of the anchor bolt;
� unit factor as specified in the text;
� unit factor as specified in the text;
� unit factor as specified in the text; and
� unit factor as specified in the text.�
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APPENDIX II PROPERTIES OF VARIOUS TUBULAR SECTIONS

FIGURE A-II–1. Properties of Round Sections.

FIGURE A-II–2. Properties of Hexdecagonal (16-Sided Polygon) Sections.

FIGURE A-II–3. Properties of Dodecagonal (12-Sided Polygon) Sections.

FIGURE A-II–4. Properties of Octagonal (8-Sided Polygon) Sections.
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a � 22.5�

Max.
C

J
�

0.603 � 	D � t

	D3 � t
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FIGURE A-II–5. Properties of Hexagonal (6-Sided Polygon) Sections.

FIGURE A-II–6. Properties of Square Sections.
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FIGURE A-II–7. Typical Dimensions of 
Polygon Sections.

NOTE: For polygon sections of Figs. A-II–1 to 6, all 
properties except flat width (w) assume sharp 
cornered section.

Notation for Appendix II
Ag � gross area;
a � angle between the x-axis and the corner of

the polygon;
BR � effective bend radius (actual or 4 times t,

whichever is smaller);
Cx � distance from y-axis to point;
Cy � distance from x-axis to point;
D � mean diameter (measured to mid-

point of thickness across flats on polygonal
sections);

Do � outside diameter (measured across flats on
polygonal sections);

I � moment of inertia;
J � polar moment of inertia;

Q�It(max) � value for determining maximum flexural
shear stress;

C�J(max) � value for determining maximum torsional
shear stress;

r � radius of gyration;
t � thickness; and

w � flat width of a side of a polygon.

Do � t �
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APPENDIX III HORIZONTAL TESTING

The structure is normally placed in a horizontal posi-
tion as shown in Fig. A-III–1 below. An assem-
bled pole is typically bolted to an identical bottom 
section. This bottom section is secured near the base
plate to an uplift foundation while the other end rests
on a compression pad. One or more locations along
the shaft will be selected as the load pulling points.
The purpose of the load pull(s) will be to duplicate
maximum design stress at all critical points in the
shaft based on the cross-sectional geometry of the
shaft and yield strength of the material. (Critical points
are those points on the shaft with the highest stress.)
Axial, shear, and torsional stresses cannot be directly
applied to the structure because of the test configura-
tion. To develop comparable maximum stresses, the
applied moment may be greater than the design
moment.

Test Equipment
The vertical loads are pulled at predetermined

points along the shaft by cranes or other suitable
pulling devices. Loads may be measured using cali-
brated load cells located in the pulling lines. A transit
set up a safe distance away from the test structure 
may be used to measure deflections.

Test Procedure for Pole Test
Dead Load Increase. Calculation of test loads

should compensate for the dead weight of the structure
in its horizontal position.

Design Load Test. Incremental loads should be
pulled, as indicated in the test requirements, with
deflection readings being taken at predetermined
points along the structure and at the uplift and com-

pression points. Each incremental load should be 
held for the required time before proceeding to the
next load increment. After testing the structure, it
should be unloaded to the dead load so final deflection 
readings can be taken. A final inspection should be
made of the structure.

APPENDIX IV HEADED ANCHOR BOLTS

For headed bolts, materials used should be limited to
ASTM A36, A193 (grade B7), A307 (grade B), A325,
and A354 (grade BC).

Headed Bolts Development Length
The development length for headed bolts is

defined as the following:

(Eq. A IV-1)

where

ld � embedment length of anchor bolt; and
d � bolt diameter.

Headed anchor bolts should have as a minimum a
clear cover of two bolt diameters and 3 in. (76 mm)
clear cover between the anchor bolts and reinforcing
steel.

Background
In lieu of following ACI’s methodology, where

one must ensure that there is sufficient concrete area to
resist the tensile forces, the object is to get the tensile
load from the bolt to the adjacent vertical reinforcing
bars.

Twenty-five diameters for a development length
for a headed anchor bolt will closely approximate the 

ld � 25d

FIGURE A-III–1. Horizontal Test Setup.

This is a preview of "ASCE/SEI 48-05". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCESEI4805?source=preview


development length for the rebar following ACI 318
plus 3 in. for top cover and 3 in. for cover between
rebar and anchor bolt. In this way the Structure
Designer will provide the Foundation Designer 
adequate bolt length to provide sufficient vertical 
reinforcement for calculating reinforcing requirements.

APPENDIX V ASSEMBLY AND ERECTION

Introduction
This appendix provides supplemental information

to Section 11 concerning the assembly and erection of
steel transmission pole structures.

Helicopter Erection
Helicopter erection requires coordination between

the Owner and the Fabricator as to the techniques to
be employed, weight limitations, special brackets, and
other similar items unique to helicopter lifts. Special
guides, which can be provided by the helicopter con-
tractor, can eliminate the need for workers to be under
the structure as it is being set or as sections are being
added.

Helicopters can be used to transport pole sections
from the marshaling yard to the structure site, or they
can be used to erect structures already transported to
the site. This latter technique can be employed when
restrictions limit the size of construction equipment 
at the pole site.

To lift the structure, a sling is attached to an 
electrically operated hook on the underside of the 
helicopter. A load cell is normally used to monitor 
the effective weight of the payload, which includes the
effects of the aerodynamic drag and rotor downwash.
The hook is controlled by the helicopter pilot, who can
release the load if necessary. The slings should be
attached to the structure so as to not overstress or
excessively deflect or distort the structure.

Structures to be guyed can be flown with guys
attached to the structure. Guys should be coiled and
attached to the structure in such a manner as to pre-
vent contact with the ground, trees, fences, or other
objects during flight. Coils should be reachable from
the ground once the structure is set, and each guy
should be marked to identify the proper ground anchor
for attachment.

Unguyed structures should be secured on the
foundation prior to release of the structure by 
the helicopter. Guyed structures should also have 
guys secured to the anchors prior to release by the 
helicopter.

In-Service Structure Maintenance and Inspection
After installation, a routine program of structure

inspection is recommended for all steel transmission
pole structures. This program should be designed to
guard against structural degradation resulting from
environmental wear, corrosion, accidental damage,
and vandalism. Included among the items in a typical
routine inspection program are the following:

1. Inspection of protective coatings and touch-up of
damaged areas;

2. Inspection of self-weathering structures for local-
ized areas of continual moisture and excessive 
corrosion;

3. Visual inspection of bolted connections and spot
check of bolt tightness in selected connections;

4. Visual inspection of welded connections and seams
to detect cracks;

5. Visual inspection of the groundline area to ensure
that soil and vegetation are not in contact with or
otherwise creating a corrosive environment for the
steel structure; and 

6. Inspection of climbing hardware and attachments
for continued integrity and to ensure inaccessibility
to unauthorized climbing.

Wind-Induced Vibration

Structures and members. Vortex shedding of wind
forces by structures and structure members can result
in oscillation of slender arms, poles, or other elements.
Tall steel pole structures used for substation lightning
masts are examples of a structure type commonly sub-
jected to noticeable wind oscillations. Where such
movement is predicted or observed with a pole or a
structure member, the installation of vibration damp-
ing devices might be considered to prevent fatigue
damage. When the potential for such movement is
anticipated by the Structure Designer, decreasing 
the slenderness ratio of the member (L�r) can be 
considered as an alternative to the installation of
damping devices.

Attached Conductors and Static Wires. Aeolian vibra-
tion of aerial conductors and static wires is a common
occurrence. The severity of the vibration is dependent
upon the tension to strength ratio of the installed con-
ductors, span lengths, wind speed, and average annual
minimum temperature. Where such vibrations are cal-
culated to be of such a magnitude range that wire
damage could occur, it is common practice to install
vibration dampers. The use of these dampers should
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