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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the 
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any 
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given 
situation. Users of this recommended practice should consult with the appropriate authorities having jurisdiction.

Users of this recommended practice should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information contained herein. 

API publications may be used by anyone desiring to do so.  Every effort has been made by the Institute to assure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API publications 
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any means, electronic, 
mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the Publisher, API 

Publishing Services, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Copyright © 2008 American Petroleum Institute
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Foreword

The few pipeline failures that have followed movement operations demonstrate the need for an industry 
recommended practice on movement of pipelines. A movement operation increases the longitudinal stress in the 
segment of the pipeline being moved. In most cases this additional stress has caused no significant problems. In 
1978, however, a propane pipeline failed after being moved while in service. Although the movement may not have 
contributed to the failure, the incident demonstrated the need for uniform guidelines to ensure that the movement of 
an in-service pipeline is done with reasonable safety. Consequently, the American Society of Mechanical Engineers, 
the American Petroleum Institute, and the Office of Pipeline Safety Regulation of the U.S. Department of 
Transportation jointly sponsored a study to establish guidelines for safely moving pipelines without taking them out of 
service. After the release of the “Guidelines for Lowering Pipelines While in Service” by authors at the Battelle 
Columbus Laboratories, the American Petroleum Institute solicited qualified engineers responsible for the design, 
construction, and operation of petroleum pipelines to review the Battelle work and other available work and to prepare 
an industry recommended practice on the safe lowering and/or raising of in-service pipelines.

The purpose of this recommended practice is to address the criteria, methods, values, and recommendations that 
should be considered in the design and execution of practical and safe pipeline-movement operations. However, it is 
impossible to foresee all possible pipeline-movement situations or circumstances. This recommended practice is to 
be used as a guide for moving pipelines while they remain in service. It is not a rigid standard.

This recommended practice is not intended to be an endorsement of moving pipelines as a method for addressing the 
safety of an existing pipeline at a new road crossing, railroad crossing, foreign utility crossing, or any other crossing. It 
is merely intended to provide guidance to pipeline operators and contractors who choose the alternative of moving. 

This recommended practice has been revised to reflect that the methodology used in moving pipelines can be used 
for other pipeline movement operations.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure 
the accuracy and reliability of the data contained in them; however, the Institute makes no representation, 
warranty, or guarantee in connection with this publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use or for the violation of any federal, state, or municipal 
regulation with which this publication may conflict.

Suggested revisions are invited and should be submitted to the Director of Pipelines, American Petroleum 
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Nothing contained in any API publication is to be 
construed as granting any right, by implication or otherwise, for the manufacture, sale, or use of any method, 
apparatus, or product covered by letters patent. Neither should anything contained in the publication be construed as 
insuring anyone against liability for infringement of letters patent.

This document was produced under API standardization procedures that ensure appropriate notification and 
participation in the developmental process and is designated as an API standard. Questions concerning the 
interpretation of the content of this publication or comments and questions concerning the procedures under which 
this publication was developed should be directed in writing to the Director of Standards, American Petroleum 
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests for permission to reproduce or 
translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-
time extension of up to two years may be added to this review cycle. Status of the publication can be ascertained 
from the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is 
published annually and updated quarterly by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Washington, DC 20001, standards@api.org.

iii

Full document details: API RP 1117-2008 (2024)

http://www.avadocuments.com/doc/api-rp-1117-2008-2024
http://www.avadocuments.com/doc/api-rp-1117-2008-2024


Full document details: API RP 1117-2008 (2024)

http://www.avadocuments.com/doc/api-rp-1117-2008-2024
http://www.avadocuments.com/doc/api-rp-1117-2008-2024


Contents

Page

08

Full docu
1 Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Exceptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 Safety Considerations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.4 Conventions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Normative References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 Definitions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

4 Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4.1 Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4.2 Design Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
4.3 Support Spacing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4.4 A Sample Problem and Its Solution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

5 Procedure Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
5.2 Safety Precautions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
5.3 Terrain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5.4 Soil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5.5 Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5.6 Trenching Requirements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5.7 Supports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

6 Inspection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.2 Girth Welds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.3 Inspection for External Corrosion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.4 Inspection for Mechanical Damage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.5 External Coating  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

7 Cleanup. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
7.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
7.2 Backfilling. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
7.3 Surface Restoration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

8 Documentation and Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.2 Alignment Sheets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
8.3 Files. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Annex A Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Annex B Derivation of the Equation for Longitudinal Stress Due to Bending and of the Equation 
for Trench Length. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Annex C Derivation of Trench Profile Equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

Annex D Derivation of Equation for Longitudinal Stress Due to Elongation . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Annex E Derivation of Equation for Maximum Free Span Between Pipe Supports . . . . . . . . . . . . . . . . . . . . . . 29

Annex F Equations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
ment details: API RP
v

 1117-2008 (2024)

http://www.avadocuments.com/doc/api-rp-1117-2008-2024
http://www.avadocuments.com/doc/api-rp-1117-2008-2024


Page

09

Full docu
Figures
1 Application of the Minimum Trench Length (L) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2 Preferred Trench Profile of the General Lowering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3 Preferred Trench Profile of a Sample Lowering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4 Pig Pen Method of Pipeline Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
5 Air Bag Method of Pipeline Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
6 Earth Pillar Method of Pipeline Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
8 Pipeline-movement Method Using Two Side Booms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
7 Sling Method of Pipeline Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
9 Pipeline-movement Method Using One Side Boom and One Backhoe  . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
10 Pipeline-movement Method in Which Pipe is Slide into Ditch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
D.1 Arc Length (A) of a Circular Curve  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
D.2 The Four Circular-curve Segments in the Preferred Trench Profile of the General Movement . . . . . . . . 26

Tables
1 Some Vertical Deflections (Δx) in the Preferred Trench Profile of a Sample Movement . . . . . . . . . . . . . . . 9
ment details: API RP
 1117-2008 (2024)

http://www.avadocuments.com/doc/api-rp-1117-2008-2024
http://www.avadocuments.com/doc/api-rp-1117-2008-2024


Full docu
Recommended Practice for Movement of In-service Pipelines

1 Scope

This recommended practice covers the design, execution, inspection, and safety of a pipeline-lowering or other 
movement operation conducted while the pipeline is in service. (In this document, the terms lowering and movement 
can be used interchangeably.) This recommended practice presents general guidelines for conducting a pipeline-
movement operation without taking the pipeline out of service. It also presents equations for estimating the induced 
stresses. To promote the safety of the movement operation, it describes stress limits and procedures. Additionally, it 
outlines recommendations to protect the pipeline against damage. The practicality and safety of trench types, support 
systems, and lowering or other methods are considered. Inspection procedures and limitations are presented.

The calculations in this recommended practice are based on methods developed from elastic free deflection theory to 
determine induced stresses and deflection profiles. Other calculation methods such as finite element analysis may be 
used instead. See the publications listed in Section 2 and the bibliography.

1.1 Applications

This recommended practice applies to onshore steel pipelines. Moving in-service pipelines can be a safe, cost-
effective means of relocating a pipeline without loss of service. The recommendations presented in this 
recommended practice should be applicable to any lowering or other movement of existing pipelines that is 
undertaken either to accommodate new roads, railroads, foreign utilities, ditches, or creeks or to accommodate any 
condition for which moving the pipeline is the chosen alternative.

1.2 Exceptions

The recommendations in this document should not be applied retroactively to pipelines that were moved prior to the 
effective date of this recommended practice. Also, these recommendations should not be applied to movement due to 
mining or natural subsidence. The movement of pipelines with attached appurtenances is beyond the scope of this 
recommended practice.

The following pipelines were not considered in developing the methods, criteria, values, and recommendations 
presented in this document:

a) offshore pipelines;

b) pipelines with valves, flanges, fittings, concrete coatings, or attached appurtenances in the section to be moved;

c) pipelines joined by oxyacetylene welds, mechanical joints, or girth welds of known poor quality (unless welds are 
reinforced by full encirclement sleeves or other acceptable means).

1.3 Safety Considerations

Caution—The recommendations in this document promote safety under conditions normally encountered in 
the pipeline industry. Requirements for abnormal or unusual conditions are not specified, and some details 
of engineering and construction are not provided. All movements of in-service pipelines should comply with 
applicable safety standards.

1.4 Conventions

In this document, each equation term is defined in Annex A and beneath the first equation that uses it. Also, negative 
values for stress indicate compressive stress and positive values indicate tensile stress.
1
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2 Normative References

API Standard 1104, Welding of Pipelines and Related Facilities

AISC M016 1, Manual of Steel Construction

ASME B31.4 2, Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids

ASME B31.8, Gas Transmission & Distribution Piping Systems

OSHA 29 3, Code of Federal Regulations Part 1926—Construction Industry Regulations

DOT 49 4, Code of Federal Regulations Part 192—Transportation of Natural and Other Gas by Pipeline: Minimum 
Federal Safety Standards

DOT 49, Code of Federal Regulations Part 195—Transportation of Hazardous Liquids by Pipeline

3 Definitions

3.1 
existing longitudinal stress 
Longitudinal stress in the pipe before its movement, excluding residual stress in girth welds and in bends.

3.2 
free deflection 
Design method that calculates bending stress in the pipe using elastic structural design methods.

3.3 
in-service pipeline 
Pipeline containing a hazardous fluid and is operating at normal flow conditions.

3.4 
lowering (moving) 
The controlled displacement of a pipeline segment without cutting the pipeline.

3.5 
minimum trench length 
Minimum longitudinal distance required to move a portion of a pipeline a certain distance without exceeding its 
longitudinal stress limits.

3.6 
pipe bend 
A permanent inelastic deflection of a pipe.

3.7 
slack 
Condition of a pipeline with neither longitudinal stress nor compressive longitudinal stress.

3.8 
total longitudinal stress 
Longitudinal stress in a portion of a pipeline during or after its movement.

1 American Institute of Steel Construction, One East Wacker Drive, Suite 700, Chicago, Illinois 60601, www.aisc.org.
2 ASME International, 3 Park Avenue, New York, New York 10016, www.asme.org.
3 Occupational Safety & Health Administration, 200 Constitution Avenue, NW, Washington, D.C. 20210, www.osha.gov.
4 U.S. Department of Transportation, 1200 New Jersey Avenue, S.E., Washington, D.C. 20590, www.dot.gov.
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4 Design
4.1 Design Considerations

4.1.1 General

This subsection describes design methods for estimating the longitudinal stress in a pipe due to the pressure, 
temperature, bending, elongation, and initial conditions that would be involved in any particular pipeline-movement 
operation covered by this recommended practice. It also considers mechanical influences and various loadings.

4.1.2 Total Longitudinal Stress

The total longitudinal stress in the pipe can be estimated with the following equation:

(1)

where

SL is the total longitudinal stress in the pipe, in psi;

SE is the existing longitudinal stress in the pipe, in psi;

SB is the longitudinal stress in the pipe due to bending caused by the movement operation, in psi;

SS is the longitudinal stress in the pipe due to its elongation caused by the movement operation, in psi.

4.1.3 Longitudinal Tensile Stress Due to Internal Pressure

The longitudinal tensile stress in the pipe due to internal pressure may be estimated with the following equation:

 (2)

where

SP is the longitudinal tensile stress in the pipe due to internal pressure, in psi;

P is the maximum internal operating pressure of the pipe, in psi;

D is the outside diameter of the pipe, in inches;

µ is Poisson’s Ratio for steel, 0.3;

t is the nominal wall thickness of the pipe, in inches.

4.1.4 Longitudinal Tensile Stress Due to Temperature Change

The longitudinal tensile stress in the pipe due to a change in its temperature may be estimated with the following 
equation:

(3)

where

Sr  is the longitudinal tensile stress in the pipe due to a change in its temperature, in psi;

E  is the modulus of elasticity of steel 29 × 106 psi;

α  is the linear coefficient of thermal expansion of steel, 6.5 × 10–6 in. per in. per °F;

T1  is the temperature of the pipe at the time of the installation, in °F;

SL SE SB SS+ +=

SP PD μ
2t
----=

Sr Eα T1 T2–( )=
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T2  is the operating temperature of the pipe at the time of the movement, in °F.

If the pipe’s temperature at installation time is not known, it should be reasonably estimated.

4.1.5 Longitudinal Flexural Stress Due to Existing Elastic Curvature

When a pipeline is laid to conform elastically to a given trench profile, the pipeline will experience induced flexural 
stress in amounts proportional to its curvature. In hilly terrain, where slopes are unstable, or where soils are subject to 
frost heave or liquefaction, the pipeline is likely to experience stress of unpredictable and varying magnitude. This 
stress (SC, see 4.1.6) can range from near-yield-strength levels in tension to near-buckling levels in compression. This 
existing stress should be considered prior to a movement operation.

4.1.6 Existing Longitudinal Stress

The existing longitudinal stress in a pipeline will normally be in the range of –10,000 psi to +20,000 psi. In flat or gently 
rolling terrain where soils are not subject to frost heave or liquefaction, the pipeline will experience only the 
longitudinal tensile stress due to internal pressure and temperature as discussed in 4.1.3 and 4.1.4 and the flexural 
stress to the extent that is elastically curved as discussed in 4.1.5.

The existing longitudinal stress in the pipe may be estimated with the following equation:

(4)

where

SC is the longitudinal stress in the pipe due to existing elastic curvature, in psi.

4.1.7 Longitudinal Stress Due to Bending

The longitudinal stress in the pipe due to bending may be estimated with the following equation:

(5)

where

ωT is the net uniformly distributed load required to achieve the desired mid-span vertical deflection of the pipe 
(Δ) [not the full weight of the pipe and fluid (see Annex B)], in lb/in.;

LI is the minimum trench length required to reach the mid-span vertical deflection of the pipe (Δ), in inches;

S  is the elastic section modulus of the pipe, in in.3.

4.1.8 Longitudinal Stress Due to Elongation

The longitudinal stress in the pipe due to elongation caused by the movement operation may be estimated with the 
following equation:

(6)

where

Δ is the mid-span deflection of the pipe, in ft;

L is the minimum trench length required to reach the mid-span deflection of the pipe (Δ), in ft.
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The effects of this stress may be offset by an elastic compressive stress existing in the pipeline prior to the moving 
because of slack.

4.1.9 Dynamic Effects

Dynamic effects due to impact, vibration, earthquake, subsidence of other potential dynamic load beyond the control 
of the pipeline operator should be considered in the design of movement operations. Dynamic loads from 
reconditioning, rehabilitation and any other dynamic or temporary loading under the pipeline operator’s control should 
be considered in the design of the operation.

4.1.10 Previous Movements

The effects of previous movements should be considered in the design of movement operations.

4.2 Design Criteria

4.2.1 General

This subsection defines methodology and outlines criteria and minimum values that may be used in the design of 
pipeline-movement operations.

4.2.2 Total Longitudinal Stress Limit

A total longitudinal stress limit should be established for the movement operation. This stress level is the specified 
minimum yield strength of the line pipe to be moved (SMYS) modified by a design factor (FD) determined by the 
pipeline operator. The design factor takes into account the condition and operating history of the pipeline and any 
applicable codes and regulations. Normally, it is most influenced by the condition of the girth welds.

4.2.3 Available Longitudinal Bending Stress

The longitudinal stress available for bending may be estimated with the following equation:

(7)

where

SA is the longitudinal stress available for bending, in psi;

FD is the design factor;

SMYS is the specified minimum yield strength of the pipe, in psi.

4.2.4 Trench Length

The minimum trench length required to achieve a particular mid-span deflection of the pipe without exceeding the 
longitudinal stress limit can be determined with the following equation, based on elastic free deflection theory, which 
treats the pipe as a single-span beam that is fixed at both ends and that has a uniformly distributed load (see Figure 1):

(8)

SA FDSMYS SE– SS–=

L 3.87 7×10( )DΔ 7.74 7×10( )Δ2+
FDSMYS SE–

--------------------------------------------------------------------------=
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4.2.5 Trench (or Displacement) Profile

A profile for the moved portion of the pipeline should be designed to minimize induced bending stress concentrations 
(see Figure 2). Therefore, to obtain acceptable longitudinal stress distribution due to bending, the deflection at any 
point along the trench profile can be determined with the following equation:

(9)

where

Δx is the vertical deflection of the pipe at distance x, in ft;

x is the distance along the length of the trench from the starting point of the pipe deflection, in ft.

Figure 1—Application of the Minimum Trench Length (L)

Figure 2—Preferred Trench Profile of the General Lowering
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4.3 Support Spacing

Based on a four-span, uniformly loaded beam, the maximum free span between supports can be determined with the 
following equation:

(10)

where

LS  is the maximum free span between pipe supports, in ft;

d  is the inside diameter of the pipe, in inches.

4.4 A Sample Problem and Its Solution

The following is a step-by-step solution of a sample problem using the guidelines in this recommended practice for 
determining the minimum trench length required for the desired deflection of the pipe, the preferred trench profile, and 
the maximum free span between supports.

The following information is known:

a) pipeline size is 12.75 in. O.D. by 0.250 in. W.T.—therefore, D = 12.75 in., t = 0.250 in., and d = 12.25 in.;

b) pipe material is API 5L Grade X42—therefore, SMYS = 42,000 psi;

c) desired vertical deflection of the pipe Δ = 5 ft;

d) maximum operating pressure P = 1000 psi;

e) installation temperature of pipe T1 = 100°F;

f) operating temperature T2 = 30°F;

g) the pipeline is under favorable conditions and has a favorable operating history—therefore, design factor  
FD = 0.90.

Step 1: With Equation (2), determine the longitudinal stress in the pipe due to internal pressure.

Step 2: With Equation (3), determine the longitudinal stress in the pipe due to temperature.

Sr = Eα (T1 – T2)

= (29 × 106)(6.5 × 10–6)(100 – 30)

= 13,195 psi (tension)

Step 3: With Equation (4), determine the existing longitudinal stress in the pipe, assuming that the longitudinal stress 
due to existing elastic curvature is equal to zero.

LS
0.0286 SA D4 d4–( )

D3 0.8724 d2D–
----------------------------------------------=

SP PDμ
2t

------------=

1000 12.75( ) 0.3( )
2 0.250( )

-------------------------------------------=

7650 psi=
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