
This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


ASCE Manuals and Reports on Engineering Practice No. 141

Wood Pole Structures 
for Electrical 

Transmission Lines
Recommended Practice for Design and Use

Prepared by the  
Task Committee on Recommended Practice for  

Wood Pole Structures for Electrical Transmission Lines of the  
Structural Engineering Institute of the  
American Society of Civil Engineers 

Edited by 
 James M. McGuire, P.E., 

 Otto J. Lynch, P.E., 
 Vicki Schneider, P.E., 

 Jaron T. Reay, P.E., S.E.,  
Timothy P. Wachholz, P.E., S.E.,  

and Nelson G. Bingel III

Published by the American Society of Civil Engineers

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


Library of Congress Cataloging-in-Publication Data

Names: Structural Engineering Institute. Task Committee on Recommended Practice for 
Wood Pole Structures for Electrical Transmission Lines, author. | McGuire, James M., 
1963– editor. | Lynch, Otto J., editor. | Schneider, Vicki, editor.
Title: Wood pole structures for electrical transmission lines: recommended practice 
for design and use / prepared by the Task Committee on Recommended Practice for 
Wood Pole Structures for Electrical Transmission Lines of the Structural Engineering 
Institute of the American Society of Civil Engineers; edited by James M. McGuire, P.E., 
Otto J. Lynch, P.E. and Vicki Schneider, P.E.
Description: Reston, Virginia: American Society of Civil Engineers, [2019] | Includes 
bibliographical references and index.
Identifiers: LCCN 2018056536 | ISBN 9780784415245 (soft cover: alk. paper) |  
ISBN 9780784415245 (print) | ISBN 9780784482056 (PDF)
Subjects: LCSH: Electric lines—United States—Poles and towers—Design and construction. | 
Electric lines—United States—Poles and towers—Installation. | Wood poles.
Classification: LCC TK3242 .S77 2019 | DDC 621.319/22—dc23
LC record available at https:  //lccn  .loc  .gov  /2018056536

Published by American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, Virginia 20191-4382
www  .asce  .org  /bookstore | ascelibrary  .org

Any statements expressed in these materials are those of the individual authors and do not 
necessarily represent the views of ASCE, which takes no responsibility for any statement 
made herein. No reference made in this publication to any specific method, product, process, 
or service constitutes or implies an endorsement, recommendation, or warranty thereof by 
ASCE. The materials are for general information only and do not represent a standard of 
ASCE, nor are they intended as a reference in purchase specifications, contracts, regulations, 
statutes, or any other legal document. ASCE makes no representation or warranty of any kind, 
whether express or implied, concerning the accuracy, completeness, suitability, or utility of 
any information, apparatus, product, or process discussed in this publication, and assumes 
no liability therefor. The information contained in these materials should not be used without 
first securing competent advice with respect to its suitability for any general or specific 
application. Anyone utilizing such information assumes all liability arising from such use, 
including but not limited to infringement of any patent or patents.

ASCE and American Society of Civil Engineers—Registered in U.S. Patent and Trademark Office.

Photocopies and permissions. Permission to photocopy or reproduce material from ASCE 
publications can be requested by sending an email to permissions@asce  .org or by locating a 
title in the ASCE Library (http:  //ascelibrary  .org) and using the “Permissions” link.

Errata: Errata, if any, can be found at https:  //doi  .org  /10  .1061  /9780784415245.

Copyright © 2019 by the American Society of Civil Engineers.
All Rights Reserved.
ISBN 978-0-7844-1524-5 (print)
ISBN 978-0-7844-8205-6 (PDF)
Manufactured in the United States of America.

25 24 23 22 21 20 19   1 2 3 4 5

Cover photo credits:
Front: Upper left and right: Courtesy of Otto J. Lynch, P.E.
Front: Lower left: Great River Energy, used with permission
Back: Courtesy of Otto J. Lynch, P.E.

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://lccn.loc.gov/2018056536
http://www.asce.org/bookstore
http://ascelibrary.org
http://ascelibrary.org
https://doi.org/10.1061/9780784415245
https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


MANUALS AND REPORTS ON  
ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930, 
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of 
facts on a particular subject, supplemented by an analysis of limitations 
and applications of these facts. It contains information useful to engineers 
in their everyday work, rather than findings that may be useful only 
occasionally or rarely. It is not in any sense a “standard,” however; nor is 
it so elementary or so conclusive as to provide a “rule of thumb” for 
nonengineers.

Furthermore, unlike a paper (which expresses only one person’s obser-
vations or opinions), the material in this series is the work of a committee 
or group selected to assemble and express information on a specific topic. 
As often as practicable, the committee is under the direction of one or more 
Technical Divisions and Councils, and the product has evolved and been 
subjected to review by the Executive Committee of the Division or Council. 
As a step in this review process, proposed manuscripts are often brought 
before the members of the Technical Divisions and Councils for comment, 
which may serve as the basis for improvement. When published, each 
work shows the names of the committees that compiled the work and 
indicates clearly the processes through which it has passed in review so 
that its merit may be definitely understood.

In February 1962 (and revised in April 1982), the Board of Direction 
voted to establish a series titled “Manuals and Reports on Engineering 
Practice,” which includes the manuals published and authorized to date, 
future Manuals of Professional Practice, and Reports on Engineering Prac-
tice. All such manuals or report materials of the Society would have been 
refereed in a manner approved by the Board Committee on Publications 
and would be bound, with applicable discussion, in books similar to past 
manuals. Numbering would be consecutive and would be a continuation 
of present manual numbers. In some cases of joint committee reports, the 
bypassing of journal publications may be authorized.

A list of available Manuals of Practice can be found at http:  //www  .asce  .org  
 /bookstore.

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

http://www.asce.org/bookstore
http://www.asce.org/bookstore
https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


This page intentionally left blank

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


v

CONTENTS

PREFACE ...........................................................................................................ix

ACKNOWLEDGMENTS ...............................................................................xi

DEFINITIONS ............................................................................................... xiii

1. STRUCTURAL CONFIGURATIONS AND  
POLE APPLICATIONS ............................................................................. 1
1.1 General ............................................................................................ 1
1.2 Configurations ............................................................................... 2
1.3 Electric Utility Applications and  

Structural Configurations ............................................................. 7

2. INITIAL CONSIDERATIONS .............................................................. 13
2.1 General .......................................................................................... 13
2.2 Physical Characteristics .............................................................. 15
2.3 Clearances and Pole Length ....................................................... 16
2.4 Loads and Pole Class................................................................... 16
2.5 Deflections .................................................................................... 18
2.6 Transportation and Erection ....................................................... 19
2.7 Attachments .................................................................................. 19
2.8 Guying ........................................................................................... 20
2.9 Climbing and Maintenance ........................................................ 21
2.10 Grounding .................................................................................... 22

3. MATERIALS ............................................................................................. 25
3.1 General .......................................................................................... 25
3.2 Physical Properties ...................................................................... 25
3.3 Preservative Treatment ............................................................... 28

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


vi CONTENTS

4. DESIGN OF WOOD POLE STRUCTURES ....................................... 31
4.1 General .......................................................................................... 31
4.2 Structural Design Objective and Methodology ....................... 32
4.3 Analysis and Design .................................................................... 34
4.4 Localized Bending Capacity Reduction Because  

of Bolt Holes or Other Defects ................................................... 39
4.5 Resiliency ...................................................................................... 39

5. CONNECTIONS ...................................................................................... 43
5.1 General .......................................................................................... 43
5.2 Through Bolts ............................................................................... 46
5.3 Banded Connections.................................................................... 51
5.4 Connection Design Considerations ........................................... 52
5.5 Connection Failure Modes ......................................................... 57
5.6 Installation Considerations ........................................................ 60

6. WOOD POLE FOUNDATIONS AND ANCHORING .................... 65
6.1 General .......................................................................................... 65
6.2 Design Considerations ................................................................ 69
6.3 Foundation Types ........................................................................ 71
6.4 Anchorage ..................................................................................... 79
6.5 Foundation Summary ................................................................. 88

7. MANUFACTURING AND QUALITY ASSURANCE ..................... 89
7.1 General .......................................................................................... 89
7.2 Manufacturing Process ............................................................... 89
7.3 Quality Assurance/Quality Control ....................................... 100

8. ASSEMBLY AND ERECTION ............................................................ 103
8.1 General ........................................................................................ 103
8.2 Storage ......................................................................................... 103
8.3 Handling ..................................................................................... 104
8.4 Transportation ............................................................................ 105
8.5 Pole Cutting ................................................................................ 106
8.6 Assembly ..................................................................................... 108
8.7 Connections ................................................................................ 108
8.8 Field Drilling .............................................................................. 109
8.9 Pole Gaining ............................................................................... 109
8.10 Erection........................................................................................ 109
8.11 Climbing...................................................................................... 110
8.12 Disposal ....................................................................................... 110
8.13 Miscellaneous Considerations ..................................................111

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


 CONTENTS vii

9. INSPECTION, ASSESSMENT, MAINTENANCE,  
AND REPAIR.......................................................................................... 113
9.1 General ........................................................................................ 113
9.2 Regulatory Inspection Requirements ..................................... 113
9.3 Agents of Deterioration and Damage ..................................... 114
9.4 Traditional Wood Pole Inspection and Assessment  

Practices....................................................................................... 120
9.5 Serviceability Decisions ............................................................ 126
9.6 Additional Nondestructive Evaluation Inspection Tools  

and Processes .............................................................................. 127
9.7 Remedial Treatments ................................................................. 127
9.8 Restoration .................................................................................. 128

APPENDIXES

A. RESILIENCY OF WOOD POLE OVERHEAD LINES ................... 133

B. TRANSMISSION POLE DESIGN EXAMPLES .............................. 139

C. LAMINATED WOOD POLES ............................................................. 169

D. QUALITY AND STRENGTH ASSESSMENT TOOLS  
AND DEVICES ...................................................................................... 177

E. FOUNDATION EXAMPLE .................................................................. 181

INDEX ............................................................................................................. 183

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


This page intentionally left blank

This is a preview of "ASCE MOP 141-2019". Click here to purchase the full version from the ANSI store.

https://webstore.ansi.org/Standards/ASCE/ASCEMOP1412019?source=preview


ix

PREFACE

The purpose of this manual is to provide the reader with a basic knowl-
edge of the principles and methods for the design and use of wood poles 
for overhead utility line structures. This manual is the result of a multiyear 
collaborative effort by engineers and technical experts from electric utili-
ties, consulting firms, academia, and manufacturers engaged in the design 
and application of these structures.

Every effort has been made to ensure the accuracy and clarity of this 
document. The user is reminded that utility line structures are an integral 
part of a larger overhead line system and therefore cautioned that the appli-
cation of these structures should come only after sound engineering judg-
ment has been applied. Furthermore, as an overall treatise covering a wide 
variety of line applications, this document cannot conceivably satisfy all 
conditions. The user should bear in mind that often there will be specific 
local conditions and requirements that may dictate design and usage con-
ditions that differ from those described herein.

The task committee is grateful for the dedicated effort of all who partici-
pated in the development of this manual.
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xiii

DEFINITIONS

ANCHOR GUY: Guy wire attached to a wood pole structure on one end 
and an anchor installed into the ground on the other end, to provide 
increased strength and/or stability to the transmission structure and 
foundation system.

ANGLE STRUCTURE: Structure where the conductor direction changes. 
This structure supports similar vertical and transverse loads as a TAN-
GENT STRUCTURE, as well as significant transverse loads resulting 
from wire tensions being applied at an angle.

BACKFILL: Material such as soil or crushed stone that is placed to fill an 
excavation and provide support to the foundation system.

BUCKLING: Failure of the wood pole or other structural member to resist 
the applied compressive stress in its current geometric shape.

CLEARANCE: The clear distance between two objects measured surface 
to surface.

CONDUCTOR: A wire or cable suitable for and intended to carry electric 
current.

CONNECTION: The method by which loads are transferred between 
structural members or components.

DEAD-END STRUCTURE: Structure designed as a termination point for 
wires and capable of supporting the full tension loads of all wires removed 
on one face.

DESIGN LOADS: The loads that the structure is designed to support, com-
prised of NOMINAL LOADS multiplied by a specified LOAD FACTOR.

DESIGN STRENGTH: The capacity of a structural member to resist 
the DESIGN LOADS. It is calculated by multiplying the NOMINAL 
STRENGTH by the appropriate STRENGTH FACTOR.

DIRECT EMBEDDED POLE: A structure that utilizes the lower section of 
the pole as the primary foundation system by setting it a specified dis-
tance below groundline.
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xiv DEFINITIONS

ENGINEER: An agent of the owner who is responsible for the design and 
is qualified by engineering education, experience, and/or professional 
registration to complete the design.

FRAMED STRUCTURE: Any multipole structure that is constructed using 
crossarms, braces, or other structural members. A simple frame structure 
uses only a crossarm that is pinned to each pole, whereas a braced frame 
structure uses knee, vee, and/or X-braces to increase the structure stiff-
ness and capacity to support the DESIGN LOADS.

GROUNDING SYSTEM: A CONDUCTOR or system of conductors 
intended to provide a path for electric current to travel to earth.

GROUNDLINE BENDING MOMENT: Moment resulting from horizontal 
and offset loads applied at heights aboveground.

GUYED STRUCTURE: Any structure that relies on SPAN GUY wires or 
ANCHOR GUY wires to provide the necessary strength and stability to 
the structure or foundation system to support the DESIGN LOADS.

INSULATOR: Structural member composed of insulating material and 
designed to support a conductor physically while providing the required 
electrical CLEARANCE to other structural members.

JOINT USE STRUCTURE: Any structure that supports the facilities of two 
or more entities.

LAMINATED UTILITY STRUCTURES: Glued laminated timber structures 
that are an engineered, stress-rated product of a timber laminating plant 
and made up of assemblies of specially selected and prepared wood lami-
nations securely bonded together with adhesives. The grain of all lamina-
tions is approximately parallel longitudinally. They may comprise pieces 
end-joined to form any length or pieces placed or glued edge-to-edge to 
make wider pieces.

LOAD FACTOR: A multiplier used with NOMINAL LOADS to introduce 
a level of reliability to the design and establish the DESIGN LOADS.

NOMINAL LOADS: Forces that result from meteorological conditions, 
physical configuration, construction activity, weight of structural mem-
bers, wires, and equipment.

NOMINAL STRENGTH: The calculated capacity of a structural member 
to resist the effects of applied loads. This capacity is multiplied by a 
STRENGTH FACTOR to determine the DESIGN STRENGTH of the 
structural member.

OVERLOAD FACTOR: See LOAD FACTOR.
OWNER: The person, entity, or designated representative responsible for 

the design, fabrication, installation, purchase, and maintenance of the 
transmission structure.

QUALITY ASSURANCE: Administrative and procedural activities imple-
mented in a quality system to minimize or prevent mistakes, problems, 
and deficiencies and fulfill quality requirements and goals for a product, 
service, or activity.
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 DEFINITIONS xv

QUALITY CONTROL: The process by which individuals or entities review 
and test the quality of each aspect of a product, service, or activity to 
uncover defects.

RAKE: The amount of horizontal pole top displacement created by installing 
a pole tilted out of plumb. It is used to visually counteract pole deflection 
such that the pole will appear plumb under a specified load condition.

SELF-SUPPORTING STRUCTURE: Any structure that is capable of provid-
ing the necessary strength and stability to support the DESIGN LOADS 
without the aid of an ANCHOR GUY, SPAN GUY, or other external 
restraint.

SHIELD WIRE: Wire installed above the conductors for lightning protec-
tion and fault current return. Other terms commonly used include static 
wire, overhead ground wire, and optical ground wire (OPGW).

SPAN GUY: Guy wire attached to a structure on one end and another sup-
porting structure on the other end, to provide increased strength and 
stability to the transmission structure.

STRAIN STRUCTURE: Structure similar to a DEAD-END STRUCTURE, 
where wire tensions are transferred directly to the structure but capable 
of resisting only unbalanced/differential tensions with all wires intact.

STRENGTH FACTOR: A multiplier used with the NOMINAL STRENGTH 
of a structural member to account for variations in the material proper-
ties, introduce a level of reliability to the design, and establish the DESIGN 
STRENGTH.

STRUCTURE FRAMING DRAWINGS: The drawing set prepared by the 
ENGINEER that contains the details and specifications necessary for the 
proper assembly and erection of the wood pole structure.

TANGENT STRUCTURE: Structure having minimal line angle. This struc-
ture primarily resists the vertical weight of the wires and any accumu-
lated ice and the transverse loads caused by wind.

THROUGH-BORING PROCESS: Process that involves boring many small 
holes through the pole in a specific pattern at the groundline zone before 
application of the wood preservative. This process allows the preservatives 
to penetrate the heartwood of the pole and saturate the wood material in 
the groundline zone, providing enhanced protection against wood decay.

WIRE: All electrical conductors, shield wires, optical ground wire (OPGW), 
messengers, and communication cables attached to a transmission 
structure.
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1

CHAPTER 1

STRUCTURAL CONFIGURATIONS 
AND POLE APPLICATIONS

1.1 GENERAL

Round wood poles have been used as structural members for centuries 
and account for most overhead utility line construction. Trees are a renew-
able resource, are readily available, and when harvested can be treated 
with preservatives that help resist decay. Utility workers can climb wood 
poles; the poles are nonconductive and easily modified in the field by drill-
ing or sawing.

Utility lines can also be constructed using poles manufactured from 
other materials. The material chosen depends on considerations such as 
cost, availability, performance, and preference. When wood poles are selected 
as the primary structural component, it is essential that the appropriate 
material properties are accounted for during the design process. The spe-
cies, original preservative treatment, pole length, class, and embedment 
depth are important aspects of design.

Consideration should also be given to the type of application and struc-
ture configuration that will be used. Designing structures based only on 
the pole’s bending strength may not be adequate for applications requiring 
guyed structures or switch structures, where buckling strength and deflec-
tion should also be considered. Different species are more readily available 
in certain areas and have unique strengths and characteristics that may 
dictate the preferred material type for specific applications.

In some instances, a rule of thumb is used to install or select poles and 
design wood pole lines. This approach does not ensure sound engineering 
practices are followed. The information in this manual is intended to give 
the reader basic knowledge of the principles and methods for the design 
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