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EN ISO 16148:2016+A1:2020 (E)

European foreword

This document (EN  ISO  16148:2016) has been prepared by Technical Committee ISO/TC  58 “Gas 
cylinders” in collaboration with Technical Committee CEN/TC  23 “Transportable gas cylinders” the 
secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by October 2016, and conflicting national standards shall 
be withdrawn at the latest by October 2016.

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

This document supersedes EN ISO 16148:2006.

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey and the United Kingdom.

Endorsement notice
The text of ISO 16148:2016 has been approved by CEN as EN ISO 16148:2016 without any modification.

Foreword to amendment A1

This document (EN ISO 16148:2016/A1:2020) has been prepared by Technical Committee ISO/TC 58 
"Gas cylinders" in collaboration with Technical Committee CEN/TC 23 “Transportable gas cylinders” 
the secretariat of which is held by BSI.

This Amendment to the European Standard EN ISO 16148:2016 shall be given the status of a national 
standard, either by publication of an identical text or by endorsement, at the latest by December 2020, 
and conflicting national standards shall be withdrawn at the latest by December 2020.

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 has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic 
of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the 
United Kingdom.

Endorsement notice
The text of ISO  16148:2016/Amd  1:2020 has been approved by CEN as EN  ISO  16148:2016/A1:2020 
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 on the meaning of ISO specific terms and expressions related to conformity 
assessment, as well as information about ISO's adherence to the WTO principles in the Technical 
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC  58, Gas cylinders, Subcommittee SC  4, 
Operational requirements for gas cylinders.

This second edition cancels and replaces the first edition (ISO 16148:2006), which has been technically 
revised. The changes include

a)	 expansion of the scope to include tubes of water capacity up to 3 000 l used for compressed and 
liquefied gases, and

b)	 addition of procedures for ultrasonic examination (UT) follow-up during periodic inspection, as 
described in the new Annex A.

﻿

iv� © ISO 2016 – All rights reserved

BS EN ISO 16148:2016+A1:2020

Full document details: BS EN ISO 16148:2016+A1:2020

http://www.iso.org/directives
http://www.iso.org/patents
http://http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://doi.org/10.3403/30049330
http://www.avadocuments.com/doc/bs-en-iso-16148-2016-a1-2020
http://www.avadocuments.com/doc/bs-en-iso-16148-2016-a1-2020


﻿

ISO 16148:2016+A1:2020

Introduction

In recent years, new non-destructive examination (NDE) techniques have been successfully introduced 
as an alternative to the conventional testing procedures of gas cylinders, tubes and other cylinders at 
the time of periodic inspection and testing.

One of the alternative NDE methods for certain applications is acoustic emission examination (AT), 
which has proved to be an acceptable test method applied during periodic inspection and testing in 
some countries.

The test method requires pressurization to a level greater than the normal filling pressure.

The pressurization medium can be either gas or liquid.

Acoustic emission (AE) measurements are used to detect and locate emission sources. Other NDE 
methods are needed to evaluate the significance of AE detected sources. One of the alternative NDE 
methods used as a follow-up to AT is ultrasonic examination (UT), which has proved to be an acceptable 
testing method applied during periodic inspection and testing. The purpose of this International 
Standard is to provide a procedure for locating, detecting and evaluating the relevance of AE indications 
such as those from longitudinally oriented crack-like discontinuities. The shear wave (angle beam) UT 
method is intended to be used immediately following AT to evaluate the significance of AE indications.

This International Standard describes two methods of AT, defined as Method A and Method B, and a 
method of follow-up UT.

With the agreement of the testing and certifying body approved by the competent authority of the 
country of approval, the hydraulic pressure test of cylinders and tubes can be replaced by an equivalent 
AT/UT Method A or B.

This International Standard is intended to be used under a variety of national regulatory regimes, but has 
been written so that it is suitable for the application of Reference.[1] Attention is drawn to requirements 
in the specified relevant national regulations of the country (countries) where the cylinders are 
intended to be used that might override the requirements given in this International Standard. Where 
there is any conflict between this International Standard and any applicable regulation, the regulation 
always takes precedence.
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Gas cylinders – Refillable seamless steel gas cylinders 
and tubes – Acoustic emission examination (AT) and 
follow-up ultrasonic examination (UT) for periodic 
inspection and testing

1	 Scope

This International Standard gives procedures for the use of acoustic emission examination (AT) and 
ultrasonic examination (UT) follow-up during the periodic inspection and testing of seamless steel 
cylinders and tubes with a water capacity of up to 3 000  l used for compressed and liquefied gases. 
This examination provides acoustic emission (AE) indications and locations that are evaluated by a 
secondary examination using UT for a possible flaw in the cylinder or tube. Methods other than UT for 
the secondary examination are not covered by this International Standard.

This International Standard does not cover composite cylinders.

CAUTION — Some of the tests specified in this International Standard involve the use of 
processes which could lead to a hazardous situation.

2	 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for is application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies.

ISO 5577, Non-destructive testing — Ultrasonic inspection — Vocabulary

  Text deleted  

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 12716, Non-destructive testing — Acoustic emission inspection — Vocabulary

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO  18119, Gas cylinders  — Seamless steel and seamless aluminium-alloy gas cylinders and tubes  — 
Periodic inspection and testing

EN  13477‑1, Non-destructive testing  — Acoustic emission  — Equipment characterisation  — Part  1: 
Equipment description

EN  13477‑2, Non-destructive testing  — Acoustic emission  — Equipment characterisation  — Part  2: 
Verification of operating characteristic

ASTM  E1419, Standard Practice for Examination of Seamless, Gas-Filled, Pressure Vessels using 
Acoustic Emission

ASNT  SNT‑TC‑1A, Recommended Practice for Personnel Qualification and Certification in 
Nondestructive Testing

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO  5577, ISO  12716 and the 
following apply.

INTERNATIONAL STANDARD� ISO 16148:2016+A1:2020
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3.1
critical flaw
imperfection or damage that is large enough to exhibit unstable crack growth under certain 
service conditions

3.2
working pressure
settled pressure of a compressed gas at a uniform reference temperature of 15 °C in a full gas cylinder

Note  1  to entry:  In North America service pressure is often used to indicate a similar condition, usually at 
21,1 °C (70 °F).

Note 2 to entry: In East Asia, service pressure is often used to indicate a similar condition, usually at 35 °C.

[SOURCE: ISO 10286:2015, definition 736]

3.3
normal filling pressure
level to which a cylinder or tube is pressurized during filling

Note 1 to entry: This is usually greater than the marked working pressure due to the heat of compression.

3.4
acoustic emission test pressure
AT pressure
maximum pressure at which acoustic emission testing is performed

3.5
acoustic emission pressure test range
range of pressure during which acoustic emission is monitored

3.6
Method A
acoustic emission testing performed using pneumatic pressurization to at least 110 % of the normal 
filling pressure

Note 1 to entry: Normally performed on an assembly of cylinders (e.g. bundle) or tubes (e.g. tube trailer).

3.7
Method B
acoustic emission testing performed during the hydrostatic proof pressurization to the re-test pressure 
on each cylinder or tube

3.8
secondary AE sources
emissions not generated by actual crack propagation and plastic deformation

Note 1 to entry: Contact between the surfaces of a discontinuity as the cylinder expands, fracture or rubbing of 
mill scale within a discontinuity as the cylinder expands are examples of secondary AE sources.

3.9
calibration ring
section cut from similar cylinder material used for the calibration of the follow-up UT

3.10
distance amplitude correction curve
DAC curve
curve generated during the standardization process that accounts for the loss of amplitude of the 
returning signal as a result of signal travel distance
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3.11
shear wave ultrasonic search unit
block of material that conforms to the curvature of the surface of the test object and orients the 
ultrasonic transducer at an angle which transmits and receives shear waves

3.12
ultrasonic couplant
fluid medium that forms a thin, bubble-free layer between the search unit and the test object

3.13
skip distance
in angle beam (shear wave) examination, distance along the test surface from the sound entry point to 
the point at which the sound returns to the same surface

Note 1 to entry: It can be considered the top surface distance of a complete wave path of sound in the test material.

3.14
modal acoustic emission
MAE
branch of AE (acoustic emission) focused on the detection and analysis of the actual sound waves 
produced at fracture sites from crack growths or surface rubbing

4	 Operational principles

When cylinders or tubes containing discontinuities are pressurized, sound waves (AE) can be produced 
by several different sources (e.g. secondary sources or actual propagation of cracks). These sources can 
produce AE indications at pressures less than, equal to or greater than working pressure. The sound 
waves travel throughout the structure.

Piezoelectric sensors mounted on a cylinder or tube surface respond to sound waves. They are 
connected to a signal processor, which records the signal parameters associated with the passage of 
the waves under the sensor. Sound waves travel at assumed constant speeds. With at least two sensors, 
one mounted at each end of a cylinder or tube, the approximate location of event sources is derived 
from the measured arrival time of sound waves at the sensors.

If measured emissions exceed the specified levels over a linear distance on the cylinder, then 
such locations shall undergo a secondary inspection (e.g. by UT) in order to verify the presence of 
discontinuities and to measure their dimensions. From this secondary inspection, if the depth of the 
discontinuity exceeds the specified limit (that is, a limit based on a number of factors, i.e. cylinder 
material, wall thickness, fatigue crack growth rate estimates, fracture critical size calculations and any 
practical experience), then the cylinder shall be removed from service.

If, after the examination, a recalibration of the AT equipment proves negative, the relevant cylinder 
shall be re-examined by a non-destructive examination (NDE) method other than AT Method A.

5	 Personnel qualification

The AT and UT equipment shall be operated, and its operation supervised, by competent personnel who 
meet the requirements of ISO 9712 or an equivalent standard (e.g., ASNT SNT TC 1A) as authorized by 
the Level III operator. The operator shall meet the requirements for Level I and shall be supervised by a 
Level II person. The testing organization shall retain a Level III operator (company employee or a third 
party) to oversee the entire AT and UT programme.
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