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European foreword

The text of ISO/TR 10400:2018 has been prepared by Technical Committee ISO/TC 67 "Materials,
equipment and offshore structures for petroleum, petrochemical and natural gas industries” of the
International Organization for Standardization (ISO) and has been taken over as
CEN ISO/TR 10400:2021 by Technical Committee CEN/TC 12 “Materials, equipment and offshore
structures for petroleum, petrochemical and natural gas industries” the secretariat of which is held by
NEN.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes CEN ISO/TR 10400:2011.

Any feedback and questions on this document should be directed to the users’ national standards body.
A complete listing of these bodies can be found on the CEN website.

Endorsement notice

The text of ISO/TR 10400:2018 has been approved by CEN as CEN ISO/TR 10400:2021 without any
modification.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso
.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore
structures for petroleum, petrochemical and natural gas industries, Subcommittee SC 5, Casing, tubing
and drill pipe.

This second edition cancels and replaces the first edition (ISO/TR 10400:2007), which has been
technically revised.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Performance design of tubulars for the petroleum and natural gas industries, whether it is formulated
by deterministic or probabilistic calculations, compares anticipated loads to which the tubular can
be subjected to the anticipated resistance of the tubular to each load. Either or both of the load and
resistance can be modified by a design factor.

Both deterministic and probabilistic approaches to performance properties are addressed in this
document. The deterministic approach uses specific geometric and material property values to calculate
a single performance property value. The probabilistic method treats the same variables as random
and thus arrives at a statistical distribution of a performance property. A performance distribution in
combination with a defined lower percentile determines the final design formula.

Both the well design process itself and the definition of anticipated loads are currently outside the scope
of standardization for the petroleum and natural gas industries. Neither of these aspects is addressed
in this document. Rather; it serves to identify useful formulae for obtaining the resistance of a tubular
to specified loads, independent of their origin. It provides limit state formulae (see annexes) which are
useful for determining the resistance of an individual sample whose geometric and material properties
are given, and design formulae which are useful for well design based on conservative geometric and
material parameters.

Whenever possible, decisions on specific constants to use in a design formula are left to the discretion
of the reader.

© 1S0 2018 - All rights reserved vii
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Petroleum and natural gas industries — Formulae and
calculations for the properties of casing, tubing, drill pipe
and line pipe used as casing or tubing

1 Scope

This document illustrates the formulae and templates necessary to calculate the various pipe properties
given in International Standards, including

— pipe performance properties, such as axial strength, internal pressure resistance and collapse
resistance,

— minimum physical properties,

— product assembly force (torque),

— product test pressures,

— critical product dimensions related to testing criteria,
— critical dimensions of testing equipment, and

— critical dimensions of test samples.

For formulae related to performance properties, extensive background information is also provided
regarding their development and use.

Formulae presented here are intended for use with pipe manufactured in accordance with ISO 11960 or
API 5CT, ISO 11961 or API 5D, and ISO 3183 or API 5L, as applicable. These formulae and templates can
be extended to other pipe with due caution. Pipe cold-worked during production is included in the scope
of this document (e.g. cold rotary straightened pipe). Pipe modified by cold working after production,
such as expandable tubulars and coiled tubing, is beyond the scope of this document.

Application of performance property formulae in this document to line pipe and other pipe is restricted
to their use as casing/tubing in a well or laboratory test, and requires due caution to match the heat-
treat process, straightening process, yield strength, etc., with the closest appropriate casing/tubing
product. Similar caution is exercised when using the performance formulae for drill pipe.

This document and the formulae contained herein relate the input pipe manufacturing parameters in
ISO 11960 or API 5CT, ISO 11961 or API 5D, and 1SO 3183 or API 5L to expected pipe performance. The
design formulae in this document are not to be understood as a manufacturing warranty. Manufacturers
are typically licensed to produce tubular products in accordance with manufacturing specifications
which control the dimensions and physical properties of their product. Design formulae, on the other
hand, are a reference point for users to characterize tubular performance and begin their own well
design or research of pipe input properties.

This document is not a design code. It only provides formulae and templates for calculating the
properties of tubulars intended for use in downhole applications. This document does not provide
any guidance about loads that can be encountered by tubulars or about safety margins needed for
acceptable design. Users are responsible for defining appropriate design loads and selecting adequate
safety factors to develop safe and efficient designs. The design loads and safety factors will likely be
selected based on historical practice, local regulatory requirements, and specific well conditions.

All formulae and listed values for performance properties in this document assume a benign
environment and material properties conforming to ISO 11960 or API 5CT, ISO 11961 or API 5D and

© ISO 2018 - All rights reserved 1
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ISO 3183 or API 5L. Other environments can require additional analyses, such as that outlined in
Annex D.

Pipe performance properties under dynamic loads and pipe connection sealing resistance are excluded
from the scope of this document.

Throughout this document tensile stresses are positive.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.or

— IEC Electropedia: available at http://www.electropedia.org/

31

Cauchy stress

true stress

force applied to the surface of a body divided by the current area of that surface

3.2

coefficient of variance

dimensionless measure of the dispersion of a random variable, calculated by dividing the standard
deviation by the mean

3.3

design formula

formula which, based on production measurements or specifications, provides a performance property
useful in design calculations

Note 1 to entry: A design formula can be defined by applying reasonable extremes to the variables in a limit
state formula to arrive at a conservative value of expected performance. When statistically derived, the design
formula corresponds to a defined lower percentile of the resistance probability distribution curve.

3.4
deterministic
approach which assumes all variables controlling a performance property are known with certainty

Note 1 to entry: Pipe performance properties generally depend on one or more controlling parameters. A
deterministic formula uses specific geometric and material property values to calculate a single performance
property value. For design formulations, this value is the expected minimum.

3.5
ductile rupture
failure of a tube due to internal pressure and/or axial force in the plastic deformation range

3.6

e

Euler's constant
2,718 281 828
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