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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 the 
average engineer in his or her everyday work, rather than fi ndings that 
may be useful only occasionally or rarely. It is not in any sense a “stan-
dard,” however; nor is it so elementary or so conclusive as to provide a 
“rule of thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which 
expresses only one person’s observations or opinions), is the work of a 
committee or group selected to assemble and express information on a 
specifi c topic. As often as practicable, the committee is under the direction 
of one or more of the Technical Divisions and Councils, and the product 
evolved has been subjected to review by the Executive Committee of the 
Division or Council. As a step in the process of this review, proposed 
manuscripts are often brought before the members of the Technical Divi-
sions and Councils for comment, which may serve as the basis for 
improvement. When published, each work shows the names of the com-
mittees by which it was compiled and indicates clearly the several pro-
cesses through which it has passed in review, in order that its merit may 
be defi nitely understood.

In February 1962 (and revised in April 1982) the Board of Direction 
voted to establish a series entitled “Manuals and Reports on Engineering 
Practice,” to include the Manuals published and authorized to date, future 
Manuals of Professional Practice, and Reports on Engineering Practice. 
All such Manual or Report material of the Society would have been ref-
ereed 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 reports of joint committees, 
bypassing of Journal publications may be authorized.
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PREFACE

Most Americans take for granted that every time they open the faucet, 
clean, clear water fl ows out. There is never any thought to the reality that 
the piping systems used to transport the water is vitally important. But 
when service is interrupted, then the importance of buried pipe systems 
to the community becomes a reality and a priority. Without a reliable 
buried pipe system, an entire community can be momentarily 
incapacitated.

The purpose of this manual is to provide information on the structural 
design and analysis of buried steel water and wastewater pipe consistent 
with the latest pipe and soil design concepts of the industry. Structural 
design of welded steel pipe ensures adequate performance for the service 
life of the pipe. Design must be based on required lifetime performance 
and on limits of performance, sometimes referred to as “failure.” This 
manual also covers the performance limits, which are based on principles 
of pipe mechanics and soil mechanics, and on the analysis of pipe–soil 
interaction. This manual, however, does not describe manufacturing pro-
cedures, which are satisfactorily addressed by standards from the Ameri-
can Water Works Association and other standards-setting organizations.

An understanding of the principles included in this manual is essential 
before applying the individual concepts to a design. Otherwise, extracting 
single design excerpts without that understanding may lead to an errone-
ous evaluation.

In 1958, Spangler and Watkins published the Modifi ed Iowa Formula 
for predicting the ring defl ection of buried fl exible pipe. Flexible pipe 
defl ects under soil load. Ring defl ection is a function of stiffness of the 
ring and support of the ring by soil at the sides of the pipe. The term E’
was fi rst promulgated in the Modifi ed Iowa Formula as a measure of that 
horizontal passive soil support at the sides of the fl exible pipe infl uenced 
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viii PREFACE

by a size factor. With adequate E’ values, predicted ring defl ection is 
“controlled” within allowable limits. Unfortunately, E’ has been used as 
the basis for design of the pipe rather than the soil, from the inception of 
the formula up to the present day. This use of E’ is improper. E’ was never 
intended as a means for pipe design. It was originally intended to be a 
method of predicting the ring defl ection that could be verifi ed by fi eld 
measurement. Furthermore, there is no procedure for testing soil to deter-
mine the value of this original E’. For the purpose of this manual, the use 
of the term E’ refers to the secant modulus of the soil, not to the E’ of the 
Modifi ed Iowa Formula.

This manual provides appropriate analytical concepts to address the 
external loading principles of steel pipe design. Since the 1950s, Dr. 
Reynold King Watkins of Utah State University—and others—developed 
these external loading design concepts.

Also, there has long been confusion as to the defi nition of fl exible pipe. 
Terms such as fl exible, semifl exible, semirigid, and rigid have been used and 
only add to this confusion. In effect, there are just two basic philosophies 
of pipe design: fl exible and rigid. What differentiates the two design 
principles is the method of analyzing resistance to internal and external 
forces.

For rigid pipe design, these forces are additive. A combination internal 
and external loading analysis is required, in which the stress in the pipe 
wall created by both thrust and bending forces is evaluated. The structural 
design of the pipe wall is developed to resist these forces.

In fl exible steel pipe design, internal and external pressures are ana-
lyzed independently. Any combination analysis would show a reduction 
of the stress to be resisted. Therefore, independent analyses develop a 
more conservative design for fl exible pipe than would a combined stress 
analysis. Flexible pipe defl ects and conforms with soil embedment as soil 
is compressed.

When designing steel pipe, the designer must consider issues beyond 
the thickness of the steel cylinder. These considerations include the type 
of coating and linings to be applied and the type of joint confi guration 
consistent with the application. Certain coatings and linings are appropri-
ate for some installation conditions and inappropriate for others. The 
same holds true for the various joint confi gurations.

As with any design, the designer should always be aware of the nature 
of the input data and the impact the results of a calculation have on the 
economics of a project. Rules of thumb do not have to be considered as 
absolute values. The designer should use discretion when evaluating 
requirements for project design. Performance limits are not synonymous 
with failures. Both performance limits and failure mechanisms must be 
recognized.
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 PREFACE ix

Pipes are an effi cient and economical means of transporting anything 
that can fl ow—fl uid, slurry, gas, wire conduits, pedestrians, traffi c, and 
so on. Pipes even provide storage.

The fi rst step for transportation of fl uids in pipe is to determine:

• What is to be transported?
• What is the rate (quantity) of fl ow?
• What are the pressure and pressure variations?

Basic fundamentals of design are pipe design, soil design, and pipe–
soil interaction.

This Manual of Practice, Buried Flexible Steel Pipe: Design and Structural 
Analysis, has been organized to provide a structured, chronological design 
or analysis process for the student or design professional. Here is an 
overview of each chapter and appendix.

Chapter 1 provides the historical sequence of events leading to our 
understanding of relationships between buried steel pipe and soil. Chapter 
2 lists the notations as used in the manual. Chapter 3 establishes the basis 
for design of the pipe, not the piping system. This is an important concept 
in understanding buried steel pipe design. Essentially, the steel pipe 
resists the internal forces, and the soil support resists the external forces. 
This chapter provides the design criteria and parameters to analyze pipe 
stresses and strains as well as explaining limitations on those strains for 
pipe lining or coating issues.

Chapter 4 provides the geotechnical principles that relate to buried 
pipe design and analysis. The project’s geotechnical report should address 
certain data to assist the design engineer in analyzing and designing the 
soil embedment. Signifi cant parameters include the soil unit weight, soil 
compressibility, and strength at soil slip. Chapter 5 begins the process of 
analyzing the relationship between pipe and soil that leads to a successful 
design, which is detailed in Chapter 6. Chapter 6 contains several design 
examples that demonstrate the design process outlined in the previous 
chapters. Chapter 7 addresses additional design and analysis topics. 
These may be uncommon to the majority of buried pipeline installations, 
such as seismic loading or pipe on supports, or they may be supplemental 
to a complete design, such as longitudinal thrust forces. There is also 
information on optional methods of obtaining passive side support, such 
as fl owable fi ll.

Appendix A is about the Iowa Formula. The Iowa Formula was origi-
nally intended to show that ring defl ection is primarily a function of soil 
embedment and was not intended for the design of pipe. This formula 
has been misused for design for many years. This appendix explains the 
proper application of the formula.
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