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About EEMUA

The Engineering Equipment and Materials Users Association is usually known by its initials, 
EEMUA.  EEMUA is governed by a Council of members.  This Council is responsible for the policies, 
fi nancing, membership, and strategy of the Association.  Any organisation that is a substantial user 
or purchaser of engineering products may apply to become a member of EEMUA. Membership is 
subject to the approval of Council.

EEMUA Aims

EEMUA aims to improve the safety, environmental and operating performance of industrial 
facilities in the most cost-eff ective way, pursuing and promoting leadership in industrial asset 
management by sharing engineering experiences and expertise, and by the active, enlightened 
promotion of the distinct interests of users of engineering products.  These aims are achieved by 
various means, including:

• Providing the organisation within which networking, information sharing and collaboration 
among users on non-competitive technical matters can take place.

• Infl uencing the way written regulations are interpreted and applied in practice.
• Promoting and presenting members’ views, and encouraging the application of good sound 

engineering practices. 
• Developing user guides, specifi cations, training and competency schemes. 
• Facilitating members’ participation in national and international standards making. 
• Infl uencing relevant national and European legislation and regulation.

The income and resources of EEMUA are applied solely towards the promotion of the aims of the 
Association.  No profi t is transferred by way of dividend, bonus or otherwise to members.  The 
work of the Association is mainly carried out by members’ representatives on EEMUA Technical 
Committees, Working Groups, and Forums, supported by EEMUA staff .

Incorporation, Membership and Other Information

For the purposes of conducting its business, EEMUA is incorporated in England and Wales 
as a company, limited by guarantee, not having share capital.  All usual aspects of company 
management and business administration are dealt with by the EEMUA Chief Executive, including 
policy implementation and leadership of the Executive team (the staff ).

A list of EEMUA publications for sale is given at the end of this Publication.  The full list is also on the 
Association’s website, including details of on-line shopping facilities.

To enquire about corporate Membership, write to enquiries@eemua.org or call +44 (0)20 7488 0801.
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Legal Aspects

All rights, title and interest in this Publication belong to EEMUA.  All rights are reserved.  No part of 
this Publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any 
means: electronic, mechanical, photocopying, recording or other, without the express prior written 
agreement of the EEMUA Executive Director.  Infringement of copyright is illegal and also reduces the 
Association’s income thereby jeopardising its ability to fund the production of future publications.

It has been assumed in the preparation of this Publication that: the user ensures selection of those 
parts of its contents appropriate to the intended application; and that such selection and application 
is correctly carried out by appropriately qualifi ed and competent persons for whose guidance 
this Publication has been prepared.  EEMUA and the individual members of the Work Group that 
prepared this EEMUA publication do not, and indeed cannot, make any representation or give any 
warranty or guarantee in connection with material contained herein. EEMUA and the individual 
members of the Work Group that prepared this EEMUA Publication expressly disclaim any liability 
or responsibility for damage or loss resulting from the use or reliance on this Publication.  Any 
recommendations contained herein are based on the most authoritative information available at 
the time of writing and on current good engineering practice, but it is essential for the user to take 
account of pertinent subsequent developments and/or legislation.

Any person who encounters an inaccuracy or ambiguity when making use of this Publication is asked 
to notify EEMUA without delay so that the matter may be investigated and appropriate action taken.

Consultation and Feedback 

EEMUA encourages constructive comments on this Publication from both Members of the 
Association and others. 

Comments should be sent on the standard feedback form, a copy of which is provided towards the 
end of this Publication.  An electronic version of the feedback form is available from EEMUA:

e-mail your request for a copy to:
enquiries@eemua.org

or telephone your request to:
+44 (0)20 7488 0801

or download the form from the EEMUA website at:
www.eemua.org.

Submit comments by e-mail (preferred) or post.

Comments are considered by the relevant EEMUA Technical Committees and may be incorporated 
in future editions of this Publication.  New editions are publicised on the EEMUA website.

Cover photographs reproduced with kind permission of Mike Covill, Bluelimit Surveys, Great Yarmouth, UK.
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Foreword

The ASME Code for Pressure Piping, B31.3-2014(1), and later versions, are diff erent from the 2012 
and earlier editions(2) with regard to rules for post-weld heat treatment (PWHT). Specifi cally, there 
is no longer a defi ned thickness threshold for P1 (CMn) steels above which PWHT is required.
EEMUA member companies identifi ed a concern of brittle fracture associated with the relaxation 
of the pre-2014 edition PWHT thickness thresholds(3). They were concerned that there was no 
suitable industry standard guidance available to assist designers in determining whether PWHT 
should be required.

The aim of this publication is to provide guidance to designers of piping systems on the threshold 
thickness for PWHT of P1 steels. Guidance is also provided on the benefi t of PWHT of P1 steels 
when selected for low temperature applications.
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Abbreviations/Acronyms used in this Guide

a  crack depth

c half crack length

CMn Carbon / Carbon-Manganese

ECA Engineering Critical Assessment

MDMT Minimum Design Metal Temperature, same as ‘Design Minimum Temperature’ as 
defi ned by ASME B31.3 para. 301.3.1 

P1 ASME Steel P-No 1 (steel grouping)

PWHT Post Weld Heat Treatment

SMYS Specifi ed Minimum Yield Stress

s Specifi ed Minimum Yield Stress

t Control Thickness, as defi ned by ASME B31.3 para. 331.1.3

TCV Charpy Impact Reference Temperature (to achieve 27J minimum average)

TDEP Charpy Impact Test Temperature Depression (expressed as a positive number where it 
corresponds to a lower required Charpy test temperature than the MDMT)

x Steel Thickness Parameter,

 x = (1⁄t )0.25  for control thickness (t) in inches
 x = (25.4⁄t )0.25  for control thickness (t) in mm
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The susceptibility of CMn steels to low-temperature brittle fracture has been observed since the 
early 1900’s. Current industry knowledge recognises that there are a number of factors which 
increase this susceptibility. These include:

• low temperature
• low material toughness
• large wall thickness
• high applied and/or residual tensile stresses
• the presence of fl aws in the weld or base metal

Whilst the underlying mechanisms were not fully understood until the development of fracture 
mechanics principles into mature technology in the 1960s, specifi cations were developed to 
counter these risks, including the ASME Boiler and Pressure Vessel Code in 1914 and the forerunner 
to ASME B31.3, the American Tentative Standard Code for Pressure Piping in 1935. 

These design codes specifi ed PWHT for CMn steels above certain thickness thresholds to avoid 
brittle fracture along with Charpy impact test requirements for steels and weld procedures.
The 2012 edition of ASME B31.3(2) and earlier editions set this threshold at 0.75 inch (equated to 
19mm or 20mm depending on edition).

The 2014 edition of ASME B31.3(1), and later editions, waived this requirement subject to two 
constraints: multiple layer welding for steel thickness > 5mm, and a minimum preheat of 95°C 
(200°F) prior to welding steel thickness > 25mm (1 in). EEMUA members(3) and others(4) raised 
concerns about the technical justifi cation for these changes.

Other design codes for pressure vessels and pipework, eg. PD5500, EN ISO 13445, & EN ISO 13480 
followed similar principles and included relationships between Charpy impact test temperature, 
minimum design temperature and material thickness in a series of design curves for as-welded 
and PWHT applications. These design curves showed a common trend: as the material thickness is 
increased, the margin between the minimum design temperature and the (normally lower) Charpy 
impact test temperature also increases. This relationship is illustrated schematically in Figure 1.

1  Background
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The requirements of ASME B31.3 were often supplemented by end users, including EEMUA 
publication 153 which included a detailed appendix outlining “Requirements for Carbon, Carbon 
Manganese and some low Alloy Steel Piping for Applications below 0°C”. This appendix was based 
on the requirements of BS 5500:1994 which necessitated several changes to material specifi cations 
and design rules which were also covered in the publication. EEMUA 153 was withdrawn in 2010.

The removal of mandatory PWHT for P1 steels thicker than 0.75 inch prompted EEMUA to develop 
this publication 235.

Adoption of design curves from other codes for use on pipework designed to ASME B31.3 was 
considered problematic because of the diff erent underlying design assumptions. Therefore, 
EEMUA commissioned fracture mechanics work to be carried out by Equity Engineering Group Inc. 
to create a new set of design curves for P1 steels based on ASME B31.3 and API 579(5). This work 
provides the technical justifi cation for the guidance contained in this publication.

This publication meets the intent of the ASME B31.3 code, when the obligations of the designer 
and owner, as described in B31.3 para. 300 (c) (3), are met.

Figure 1: MDT Vs CVN Impact test temperature
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This publication applies to design of new P1 pipework when also designed in accordance with 
ASME B31.3.

2.1 Exclusions

The guidance in this publication does not apply to:

•  Severe cyclic service
•  Mechanical and/or thermal shock loading
•  Hydrogen-charged service
•  Materials outside the thickness and SMYS ranges used in this publication
•  Any materials that are not P1 group steels

2.2 Alternative Criteria

The guidance in this publication is the result of a generic ECA(6). The method is based, amongst 
other things, on statistical fracture toughness correlations with the results of Charpy Impact testing 
according to the Master Curve approach which is the current best industry practice. 

This publication uses a particular set of underlying assumptions. If the results are found to be 
unacceptable, then alternative routes based on specifi c ECA may be considered. Such calculations 
should be based on directly measured fracture toughness data, e.g. by CTOD testing, J testing etc. 
These alternative criteria are in line with the principles of ASME B31P, Appendix E.

2  Scope
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3.1 As-Welded Applications

A fracture mechanics assessment(6) has been conducted to prepare low temperature design curves 
for 30ksi, 35ksi, 40ksi, 50ksi, and 60ksi SMYS P1 steels.

In order to complete this assessment, a number of assumptions have to be made. These 
assumptions are included in the following sections.

3.1.1 As-welded Residual Stress

The as-welded residual stress has been assumed to be equal to the steel SMYS plus an additional 
10ksi to allow for the actual yield stress being higher than the specifi ed minimum. 

3.1.2 Applied Stress

The primary membrane stress used was set equal to 2⁄3 SMYS

3.1.3 Minimum Flaw Size

The crack depth, a, is 20% of the control thickness, t, subject to a minimum of 2 mm and a 
maximum of 20mm. The crack length, 2c, is equal to six times the crack depth. This fl aw size is 
shown in equation (1) and (2). 

  (1)

  (2)

The design curves were initially based on an assumed reference surface-breaking 
fl aw size equivalent to that used in ASME VIII-1 and VIII-2(7) as shown in equations 
(3) and (4)

  (3)

  (4)

However, it was apparent that the resulting guidance would be signifi cantly more 
conservative than the threshold in pre-2014 editions of ASME B31.3. Given the long 
term successful use and lack of failure evidence, it was not considered necessary 
to increase the level of conservatism and the smaller fl aw size was selected as the 
basis for this publication. It is considered that this fl aw size can be reliably detected 
using existing NDE techniques. It is not required or anticipated that additional NDE 
above code requirements are necessary to use this publication.

3  Basis of Design
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The fl aw depth was limited to a minimum of 2mm to account for minimum 
detectable defect sizes using conventional NDE techniques. This approach is 
consistent with BS 7910, Annex T(8). The maximum fl aw depth was limited at the 
same material thickness cut-off  of 4 inch (100mm).

3.1.4 Fracture Toughness

The fracture toughness used in the analysis was derived using the Master Curve approach (see 
WRC bulletin 562(9)). This correlation relies on knowing the 27J (20 ft-lb.) transition temperature 
for the parent materials and weld joint. For practical purposes, it need only be established that the 
material(s) and weld procedure are tested at this reference temperature or lower and achieve 27J 
(20 ft-lb.) minimum average. Alternatively, the transition temperature may be estimated using the 
ASME B31.3 material designations for non-impact-tested materials.

The Impact Test Exemption curves and the Impact tested curves were generated for a series of 
material yield stresses and thicknesses and are presented in APPENDIX B/C and APPENDIX D/E 
respectively.

3.1.5 Application

It was noted that the constraints on the minimum defect size resulted in the 0.25in (6.35mm) 
and 0.5in (12.7mm) curves being very close together. The 0.25in (6.35mm) curve was therefore 
removed from the guidance and all thicknesses below 0.5in (12.7mm) should be treated as equal 
to this thickness. 

Examination of the design curves shows that for any material thickness and specifi ed minimum 
yield stress, the curve can be defi ned as a depression (TDEP) in the Charpy impact test reference 
temperature (TCV) from the MDMT as shown in equation (5). These values are shown in Table 1 and  
Table 2.

  (5)

For specifi cation purposes it may be useful to defi ne As-Welded/PWHT thickness thresholds 
against fi xed Charpy test temperature depression values. Examples can be seen in Table 3 and 
Table 4.

It was noted that Charpy impact testing at the MDMT is conservative up to the following 
thicknesses for as-welded steels.

• 1.00in (25.4mm) for 30ksi (207MPa) SMYS
• 0.84in (21.4mm) for 35ksi (241MPa) SMYS
• 0.72in (18.3mm) for 40ksi (276MPa) SMYS
• 0.55in (14.0mm) for 50ksi (345MPa) SMYS
• 0.44in (11.2mm) for 60ksi (414MPa) SMYS
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3.2 Charpy Impact Exemption Curves1

For non-impact tested material and weld joints, modifi ed versions of the ASME exemption curves 
were produced applying the assumptions outlined above and using the following assumed 
reference temperatures from WRC Bulletin 562(9).

•  TCV = 28.5°C (81.7°F)   for ASME Exemption Curve A
•  TCV = 7.3°C (43.7°F)   for ASME Exemption Curve B
•  TCV = -13.8°C (5.7°F)   for ASME Exemption Curve C
•  TCV = -28.2°C (-20.3°F)   for ASME Exemption Curve D

These values of TCV may be used as the assumed Charpy reference temperatures for non-impact 
steels when using the ASME B31.3 A-D exemption curve designations alongside the guidance in 
this publication.

3.3 PWHT Applications

Design curves were also generated for PWHT steels using the same assumptions and methodology, 
except using reduced residual stress of 0.3×(SMYS+10ksi). As expected, these curves demonstrate 
the signifi cant benefi t of post-weld heat treatment. It was noted that Charpy impact testing at the 
MDMT is conservative up to the following thresholds for PWHT steels.

• 3.0in (76.2mm) for 30ksi (207MPa) SMYS
• 2.5in (63.5mm) for 35ksi (241MPa) SMYS
• 2.25in (57.2mm) for 40ksi (276MPa) SMYS
• 1.5in (38.1mm) for 50ksi (345MPa) SMYS
• 1.25in (31.8mm) for 60ksi (414MPa) SMYS

1 The reference temperatures are consistent with those shown in WRC Bulletin 562. The Fahrenheit 
and Celsius reference temperatures were obtained by separate SI and USC calculations. The slight 
diff erence refl ects the rounding involved in these calculations. The Fahrenheit and Celsius values 
are not a direct temperature conversion.
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4.1 Method A ‒ Determine the MDMT

Assuming that both parent materials and weld metal all achieve a minimum average 27J (20 ft-lb) 
at a Charpy impact test temperature TCV, the MDMT is given by equation (5). TDEP is obtained from 
Table 1 or Table 2.

Table 1: Charpy Temperature Depression vs. Control Thickness (US Customary Units)
TDEP [°F] Steel SMYS

Thickness [in] 30ksi 35ksi 40ksi 50ksi 60ksi
<=0.5 -74 -53 -36 -9 12
0.55 -63 -43 -27 0 20
0.60 -54 -34 -18 8 28
0.65 -45 -26 -10 15 35
0.70 -37 -19 -3 22 41
0.75 -30 -12 4 28 47
0.80 -23 -5 10 34 53
0.85 -17 1 15 39 58
0.90 -11 6 21 44 63
0.95 -5 11 26 49 68
1.0 0 16 30 53 72
1.1 9 25 39 62 80
1.2 17 33 47 69 87
1.3 25 40 54 76 94
1.4 32 47 60 82 100
1.5 38 53 66 88 105
1.6 44 59 71 93 110
1.7 49 64 77 98 115
1.8 54 69 81 102 120
1.9 59 73 86 107 124
2.0 63 77 90 111 128
2.2 71 85 97 118 135
2.4 78 92 104 125 142
2.6 85 98 110 131 147
2.8 90 104 116 136 153
3.0 96 109 121 141 158
3.2 101 114 126 146 163
3.4 105 119 131 150 167
3.6 110 123 135 155 171
3.8 113 127 139 158 175
4.0 117 130 142 162 178

4  Application Methods
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Table 2: Charpy Temperature Depression vs. Control Thickness (SI Units)
TDEP [°C] Steel SMYS

Thickness [mm] 207MPa 241MPa 276MPa 345MPa 414MPa
<=12.7 -41 -30 -20 -5 7

13 -40 -28 -19 -4 8
14 -35 -24 -15 0 11
15 -31 -20 -11 3 15
16 -27 -16 -7 7 18
17 -23 -13 -4 10 21
18 -20 -10 -1 13 24
19 -17 -7 2 15 26
20 -14 -4 5 18 29
22 -8 1 10 23 33
24 -3 6 14 27 37
26 1 10 18 31 41
28 5 14 22 34 44
30 9 18 25 38 48
32 12 21 28 41 51
34 15 24 31 43 53
36 18 27 34 46 56
38 21 29 37 49 58
40 24 32 39 51 61
45 29 37 44 56 66
50 34 42 49 61 70
55 39 46 53 65 74
60 43 50 57 69 78
65 46 54 61 72 81
70 50 57 64 75 84
75 53 60 67 78 87
80 55 63 69 81 90
85 58 65 72 83 92
90 60 68 74 85 94
95 62 70 76 87 96
100 64 72 78 89 98

Intermediate values may be interpolated or the next highest SMYS and thickness in the table may 
be used. 

Caution should be used when making use of negative values (shown in the light 
blue shading and italics) which may infringe other code or standard requirements. 
It should be noted that temperature depressions (shown in the grey shaded cells) 
exceeding 50°C (90°F) have limited useful application. This is an intrinsic material 
limitation; designers should be careful not to specify Charpy test temperatures 
below the practical limits for P1 steels (~ -50°C, -58°F).
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