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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of IEEE that have expressed an interest in participating in the develop-
ment of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in
the state of the art and comments received from users of the standard. Every IEEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate responses. Since IEEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration. 

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying all patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.
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Introduction

(This introduction is not part of IEEE Std 951-1996, IEEE Guide to the Assembly and Erection of Metal Transmission
Structures.)

This guide is one of several covering all aspects of overhead transmission line construction that have been
prepared by the Working Group on Overhead Line Construction. This particular guide presents design and
construction considerations for material delivery, assembly and erection of structures, and the installation of
insulators and hardware. This guide was originally published as a standard in 1988.
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1

IEEE Guide to the Assembly and 
Erection of Metal Transmission 
Structures

1. Overview

1.1 Scope

This guide presents various good practices that will enable users to improve their ability to assemble and
erect self-supporting and guyed steel or aluminum lattice and tubular steel structures. It also covers construc-
tion considerations after foundation installation (see IEEE Std 977-19911), and up to the conductor stringing
operation (see IEEE Std 524-1992).

1.2 Purpose

The purpose of this document is to assist the parties involved with the installation of steel transmission struc-
tures. This document focuses on the design and construction considerations for material delivery, assembly
and erection of metal transmission structures, and the installation of insulators and hardware.

1.3 Application

This guide is intended to be used as a reference source for parties involved in the ownership, design, and
construction of transmission structures. Since methods will be strongly influenced by the nature of each
project, various methods that have been successfully employed are presented.

If any of the recommendations contained within this guide are to be adopted, they should be specifically
stated in the owner’s design and construction specifications. Any legal and environmental requirements of
national, state, provincial, or local regulations shall be observed.

1For information about references, see Clause 2.
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1.4 Safety

Handling, assembly, and erection of metal structures may require conducting a safety and health program
that takes all reasonable precautions to protect the safety and health of workers and members of the public.
Workers should not be allowed to work in surroundings or under working conditions that are unsanitary, haz-
ardous, or dangerous to their health or safety. Any safety requirements of national, state, provincial, or local
regulations shall be observed (see [B5]2).

1.5 Legal disclaimer

The support data for this guide were collected from a great number of sources and are believed to be reliable
and true. Care has been taken during the compilation and writing to prevent error or misrepresentations. The
authors make no warranty with respect to the accuracy, completeness, or usefulness of the information con-
tained in the guide, nor do they assume any liabilities with respect to the applicability or use of any informa-
tion, method, or process presented in this publication.

The use of trade names is for the information and convenience of the user of this guide and does not consti-
tute an endorsement by the authors.

2. References

This guide shall be used in conjunction with the following publications:

IEEE Std 977-1991, IEEE Guide to Installation of Foundations for Transmission Line Structures (ANSI).3

IEEE Std 524-1992, IEEE Guide to the Installation of Overhead Transmission Line Conductors (ANSI).

ASTM A780-93a (1996), Standard Practice Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized
Coatings.4

3. Definitions 

This clause contains key terms as they are used in this guide.

3.1 constructor: A party who undertakes the assembly and erection of a transmission structure. The con-
structor can be an owner or an agent acting for an owner. Synonyms: contractor, installer, construction
agency, construction department.

3.2 line designer: A party who develops structure loading criteria, structure types, and structure locations
based on line routing, maintenance, and construction requirements. The line designer establishes design cri-
teria for construction and maintenance that will affect the structure designer and constructor. The line
designer could be an owner or an agent acting for the owner.

3.3 owner: A party who owns the transmission line during the construction phase of the line and may
include a person who acts for or on behalf of an owner as his or her his agent or delegate.

2The numbers in brackets correspond to those of the bibliography in Annex A.
3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
4ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA.
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3.4 structure designer: A party who designs the structure based on criteria given by a line designer. The
structure designer could be an owner, an agent acting for the owner, or a fabricator.

3.5 subcontractor: A party having a direct contract with the constructor for performing work covered by the
Contract Documents, when the constructor is not the owner.

4. Project planning 

The line designer should consider all aspects of the project before proceeding with design. This includes a
review of all available options for construction techniques and equipment with respect to the specific condi-
tions of the proposed line route. Access conditions, environmental restrictions, and/or schedule constraints
may dictate the need to consider alternative, nontraditional construction techniques. If these requirements
are understood early in the project, the selection, design, and detailing of structures and foundations can be
tailored to accommodate these construction techniques. This early planning can result in a more cost-effec-
tive project.

The following factors can influence the selection of construction methods and equipment and should be con-
sidered in the early planning of a transmission line:

a) Line route and right-of-way conditions
b) Environmental constraints and public concerns
c) Accessibility of structure sites
d) Configurations, sizes, and weights of structures
e) Structure details and capability of sectionalizing
f) Foundation types and sizes
g) Availability and location of marshalling yards
h) Material delivery schedules
i) Constructor capabilities and available equipment (if known)
j) Inspection and maintenance requirements and practices

Clauses 7, 8, and 9 of this guide describe a number of different construction techniques. If the items listed
above or any other considerations indicate that a particular technique and/or type of equipment will be most
appropriate for a project, then this should be considered throughout the design and detailing of the line com-
ponents to incorporate any special provisions that will facilitate construction operations. In particular, if heli-
copter construction is planned, qualified helicopter operators should be consulted to ensure that the line
construction will be as efficient as possible.

At the time of line design, the constructor may not have been selected. However, the line designer should
consult with knowledgeable construction and maintenance personnel and utilize their experience to develop
a reasonable balance between design optimization, constructibility, and maintainability.

5. Structure design considerations 

5.1 Construction and maintenance loads

The line designer should review and define limits for acceptable methods of construction and maintenance
appropriate to the structure types, site conditions, applicable equipment, and skill level of the workers. Struc-
tural or other details that relate to the safety of construction and maintenance work should be considered in
the design of the structure.

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:01:41 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 951-1996

http://www.avadocuments.com/doc/ieee-951-1996
http://www.avadocuments.com/doc/ieee-951-1996


IEEE
Std 951-1996 IEEE GUIDE TO THE ASSEMBLY AND ERECTION

4

The line designer should anticipate the more common operations of construction and maintenance and indi-
cate the maximum allowable loads and acceptable loading or lifting points. The responsibility lies with the
contractor to confirm with the line designer any lifting practices that deviate from those indicated.

Some of these loading considerations are

a) Partially assembled lattice structure sections will be subjected to dead-weight loads, dynamic loads,
temporary guying loads for stability, worker loads, wind loads, and rigging loads during assembly
and erection. Reasonable combinations of these loads should be anticipated by the designer and dis-
cussed with potential constructors to ensure safety and efficiency and prevent structural damage.

b) Members on which one or more workers are expected to climb or stand should be designed for a mid-
span load of the workers, their equipment, and an appropriate safety factor (see [B6] and Figure 1).

c) Portions of a structure may be subjected to additional loads while they support one or more workers
during construction and maintenance (that is, the end of a cross arm or at a leg splice) (see Figure 1).
These loads, in addition to the normal wire loads anticipated during construction and maintenance,
should be considered.

d) If fall arrest systems are required, attachment points should be designed for the anticipated load.

e) Rigging attachment points should be provided for lifting the structure, hoisting insulators and travel-
ers, stringing, clipping in, deadending, and maintenance. All of these points should be explicitly
identified. A diagram giving the allowable construction loads on the erected structure should be pre-
pared and provided to the constructor.

Particular attention should be given to the following loading conditions:

— Rigging methods (see [B8]) used in hoisting may multiply the load at the attachment point.

— At the beginning and end of each conductor stringing setup, the conductors may be brought down to
stringing equipment, anchors, or both. The vertical and horizontal components of tension imposed
on the structure may become significant at these locations, and failures have occurred on both sus-

Figure 1—Portions of a structure subjected to additional loads 
due to one or more workers
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pension and deadend structures. The positioning of the stringing equipment or anchors is critical,
especially in mountainous terrain (IEEE Std 524-1992).

— Various deadending techniques will apply different loads. For example, aerial deadending techniques
may impose lower vertical loads than deadending on the ground. Temporary back-guying may be
required depending on the longitudinal strength and flexibility of the deadend structure and dead-
ending technique used.

— Short spans between deadends with high conductor tensions are sensitive to overpulling and may
result in loads in excess of maximum design tensions.

5.2 Material delivery

The design and detailing of the structures should consider limits on the length, size, and weight of individual
members due to shipping, handling, erection, terrain, and equipment restrictions as well as manufacturing
limits (see 6.4).

5.3 Constructability of structures

Construction can be enhanced by a number of considerations, both in the design of the structure and in
detailing of the connections.

It should be noted that these considerations could increase material costs, although these costs may be offset
by reduced field costs and improved safety. The following are applicable to all types of metal structures:

a) Each member should be clearly and permanently marked by stamping or welding. This mark should
be legible after any coatings are applied to facilitate identification and possible field replacement.
These permanent markings should be visible after the structure is erected. Stencilling with water-
proof paint will further facilitate field identification; however, care should be taken to avoid adverse
visual impact. See 6.4 regarding stencilling of weathering steel.
Identification marks may include the following information:
1) General location of the member in the structure by using a logical numbering sequence
2) Structure type
3) Special material types

b) The structure should be designed with a minimal assortment of bolt diameters and types.
c) Adequate clearance around nuts and bolt heads for wrenches or sockets should be provided.
d) For safety and ease of erection, a place for a worker to stand should be provided below each leg

splice. As an example, two step bolt holes could be provided 1.37 m (4 ft, 6 in) below each splice for
optional step bolts.

e) The bill of materials should provide an approximate finished (that is, galvanized or painted) weight
of each structure item (that is, members, plates, fills, bolts, and nuts) in order to determine the loads
to be lifted.

f) Legible erection drawings and data sheets for line sections should be provided. The drawings should
show the member mark identification, bolt size, and length, bolt pattern, orientation of angle mem-
bers, and whether a member is inside or outside its connecting member (that is, use hidden lines and
detailed or enlarged views). In addition, these erection drawings should show the rigging attachment
points identified in 5.1e).

g) Fabrication tolerances that are either too restrictive or too liberal can result in increased field costs.
h) Consideration should be given to the method of locking fasteners. The method selected will influ-

ence construction efficiency. Typical methods and devices are lock nuts, lock washers, pal nuts,
punched threads, weathering steel, etc.

i) Designs should be checked for worker accessibility. Design of structures sometimes results in large
spaces between members, making it difficult for workers to reach the joints. In such cases, it may be
necessary to lift workers to install or check bolts.
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5.3.1 Constructability of lattice structures

Considerations specific to lattice structures include the following:

a) Where members are connected by one bolt at each end, the detailer should require a spud hole at the
lower or main leg end. The tapered end of a spud wrench or drift pin is inserted into this hole to
facilitate positioning of the member. This hole should be indicated as a spud hole on the erection
drawing. The spud hole may indicate that the member was detailed slightly short in order to intro-
duce prestress into the member. Spud holes in weathering steel should be bolted tight.

b) Depending on the method of erection, the location of leg and crossarm splices can affect the assem-
bly and future maintenance of the structure. Leg splices located above the crossarm hanger or below
the chord of the crossarm (not between them) will facilitate aerial erection as shown in Figure 2. If
the structure is assembled on the ground, the leg splices may be located between the crossarm
hanger and crossarm chord as shown in Figure 3. Aerial erection can also be helped if leg splices are
located just above horizontal bracing as shown in Figure 4. This helps to maintain proper geometry
and structural integrity of the lower body.

Crossarm and ground wire peak splices located outside the body of the structure, as shown in
Figure 2, may facilitate aerial assembly. In addition, arm and ground wire peaks can be removed or
replaced without affecting the integrity of the remaining structure if their splices are located as
shown in Figure 2, as opposed to Figure 3.

c) When tilting up structure sections diagonal braces extending below the main legs can be damaged.
Two possible solutions are shown in Figures 5 and 6. The method shown in Figure 5 is necessary
when helicopter erection is planned. The method shown in Figure 6 has the advantage of requiring
no additional permanent material and is suitable for crane erection only.

d) When butt splices are used on main structure legs, gin pole or crane assembly may be facilitated by
bolting outside splice plates to the upper leg and inside splice plates to the lower leg as shown in Fig-
ure 7.

e) When using lap splices, assembly and erection with crane and helicopter techniques are facilitated
by providing outside splices when the structure tapers inward (see Figure 8).

f) When helicopter erection is used, temporary stops are installed in both butt and lap splices. For lap
splices, two additional holes on each face of the leg angle should be provided as shown in Figure 8.

g) Design internal structure leg bracing to facilitate its assembly and erection with each main structure
leg as shown in Figure 9.

h) In order to facilitate raising and lowering tools and equipment with handlines, it may be unsuitable
to obstruct the interior of the structure by using cross bracing for diaphragm bracing.

MEMBER TO BE INSTALLED
AFTER LEG MEMBER IS SET

Figure 5—Leg splice detail recommended for helicopter erection
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Figure 2—Splice location 
recommended for aerial erection

SPLICE 
(TYPICAL)

Figure 3—Splice location not
recommended for aerial erection or 

future maintenance

SPLICE 
(TYPICAL)

Figure 4—Recommended splice location for lower legs

SPLICE 
(TYPICAL)

Figure 6—Leg splice detail recommended for crane erection

TEMPORARY ANGLE ALLOWING
THE PANEL TO BE TIPPED
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5.3.2 Constructability of tubular steel structures

Some specific considerations to tubular structures include the following:

a) Avoid structural detailing requiring workers to insert tools or their hands between large members
during assembly.

b) Provisions for lifting eyes or pick points to minimize damage to the finish of the pole. Position of the
lifting eyes or pick points should take into account construction methods, equipment, and site
restrictions.

c) Provisions for the constructor to verify the lap joint distances and orientation as shown on the erec-
tion drawings. As an example, weld beads, inspection holes, or some other marks should be pro-
vided on the upper and lower pole sections.

Figure 7—Recommended butt splice detail

BOLTED

BOLTED

Figure 8—Leg spice recommended for helicopter or crane erection

TEMPORARY
“STOP PLATE”

ADDITIONAL HOLES
FOR “STOP”

SPLICE (TYPICAL)

RECOMMENDED NOT RECOMMENDED

Figure 9—Internal leg bracing detail
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