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Foreword 
 
 
This Malaysian Standard was developed by the Technical Committee on Boilers and Pressure 
Vessels under the authority of the Industry Standards Committee on Mechanical Engineering. 
 
MS 2404 consists of the following parts, under the general title Pressure vessel inspection 
code: 
 
Part 1: Inservice inspection 
 
Part 2: Repairs and alterations 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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Pressure vessel inspection code - Part 2: Repairs and alterations 
 
 

1 Scope 
 
This Malaysian Standard specifies the requirements for the repairs and alterations for boilers 
and fired/unfired pressure vessels. This standard does not cover the following:  
 
a) graphite pressure equipment;  
 
b) fiber reinforced vessels; and  
 
c) propane LP gas vessels. 
 
 

2 Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the normative reference (including any amendments) applies.  
 
American Society of Mechanical Engineers (ASME), Boiler and Pressure Vessel Code:  
 
Section IV: Rules for construction of heating boilers 
 
Section V: Nondestructive examination 
 
Section VIII: Rules for construction of pressure vessels 
 
Section IX: Welding and brazing qualifications 
 
 

3  General and administrative requirements 
 
3.1  General 
 
This clause provides general requirements that apply when performing repairs and alterations 
to pressure-retaining items. It describes the administrative requirements for the accreditation 
of repair organisations. 
 
The relevant local regulatory body administers all repairs and alterations to pressure retaining 
items. 
 
3.2  Construction standards for pressure-retaining items 
 
When the standard governing the original construction of a particular code, repairs and 
alterations to pressure-retaining items shall conform, insofar as possible, to that code most 
applicable to the work planned. 
 
For pressure relieving devices the applicable standard for new valves to be used for reference 
during repairs should follow that original code of construction.  
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Piping systems are designed for a variety of service conditions such as steam, water, oil, gas 
or air. Design requirements for repairs and alterations are to meet the original code of 
construction or the code most appropriate for the repair or alteration. These systems shall be 
designed for the most severe conditions of pressure, temperature, loadings and expected 
transients considered for normal operation. All pipe materials, fittings and valves shall be 
rated for the maximum service conditions for normal operation. Design corrosion of piping 
systems should also be considered when determining types of materials and thicknesses. 
 
3.3  Inspector 
 
An employee of an authorised inspection agency who is qualified and certified to perform 
such inspections under this standard. 
 
3.3.1  Authorised inspection agency 
 
An agency that is recognised by the relevant local regulatory body. 
 
3.3.2  Authorisation 
 
An approval from the relevant local regulatory body shall be obtained by the repair 
organisation prior to initiation of a repair or alteration to a pressure-retaining item. The 
Inspector shall determine that the repair or alteration methods are acceptable. 
 
3.3.3  Authorised repairer 
 
An organisation performing repairs or alterations to pressure-retaining items which has been 
accredited by the relevant local regulatory body. 
 
3.3.4  Acceptance inspection 
 
The acceptance inspection shall be carried out by an authorised inspection agency prior to the 
hydrostatic test.  
 
3.4  Accreditation 
 
Organisations performing repairs or alterations to pressure-retaining items shaII be 
accredited as described in this subclause, as appropriate for the scope of work to be 
performed. 
 
3.4.1  Accreditation process 
 
The relevant local regulatory body administers accreditation programs for authorisation of 
organisations performing repairs and alterations to pressure-retaining items and/or pressure 
relief valves. 
 
Any organisation may apply to the relevant local regulatory body to obtain an approval for the 
requested scope of activities. A review shall be conducted to evaluate the organisation's 
quality system. The individual assigned to conduct the evaluation shall meet the qualification 
requirements prescribed by the relevant local regulatory body. Upon completion of the 
evaluation, any deficiencies within the organisation's quality system will be documented and a 
recommendation will be made to the relevant local regulatory body regarding issuance of an 
approval. 
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As part of the accreditation process, an applicant's quality system is subject to a review. The 
relevant local regulatory body’s procedures provide for the confidential review resulting in 
recommendations to issue or not issue an approval. 
 
The accreditation programs provide requirements for organisations performing repairs and 
alterations to pressure-retaining items. Depending upon the expected scope of activities at the 
time of review, organisations may be authorised to perform design only, metallic repairs, 
and/or alterations either in the shop only, field only, or shop and field. Repairs and/or 
alterations to metallic pressure-retaining items are made by welding and/or mechanical 
assembly. 
 
3.4.2  Scope issuance and revision to a quality system 
 
Any scope revision shall require authorised inspection agency acceptance of quality system 
changes. These changes shall be submitted to the relevant local regulatory body for 
acceptance. A program review may be required by the relevant local regulatory body to 
ensure quality system requirements are met for scope changes. Upon acceptance of the 
changes, the relevant local regulatory body will issue an approval with a revised scope. 
 
 

4  Welding and heat treatment 
 
4.1  General 
 
This clause provides general and specific requirements for welding and heat treating when 
performing welded repairs and alterations to pressure-retaining items. Careful consideration 
shall be given to pressure-retaining items that have been fabricated of either creep strength 
enhanced ferritic materials or ferritic materials enhanced by heat treatment. The tensile and 
creep strength properties of these materials can be degraded by not following specific welding 
and heat treatment requirements. The user is cautioned to seek technical guidance for 
welding and heat treating requirements in accordance with the original code of construction. 
 
4.2  Welding 
 
Welding shall be performed in accordance with the requirements of the original code of 
construction used for the pressure-retaining item whenever possible. 
 
4.2.1  Welding Procedure Specifications 
 
Welding shall be performed in accordance with Welding Procedure Specifications (WPS) 
qualified in accordance with the original code of construction or the construction standard or 
code selected. When this is not possible or practicable, the WPS may be qualified in 
accordance with Section IX of ASME Boiler and Pressure Vessel Code. 
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4.2.2  Standard Welding Procedure Specifications 
 
The authorised repairer may use their own pre-qualified WPS or applicable Standard Welding 
Procedure Specifications (SWPS) shown in Table 1 without supporting Procedure 
Qualification Records (PQR) since SWPS are pre-qualified. 
 
One or more (SWPSs) from Table 1 may be used as an alternative to one or more WPS 
documents qualified by the organisation making the repair or alteration provided the 
organisation accepts by certification (contained therein) full responsibility for the application of 
the SWPS in conformance with the application as stated in the SWPS. When using SWPSs, 
all variables listed on the standard welding procedure are considered essential and, 
therefore, the repair organisation cannot deviate, modify, amend, or revise any SWPS's. The 
user may issue supplementary instructions as allowed by the SWPS. Standard Welding 
Procedures Specifications shall not be used in the same product joint together with the other 
Standard Welding Procedures Specifications or other welding procedure specifications 
qualified by the organisation. 
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Table 1.  Standard Welding Procedure Specifications (SWPS)  
 

Carbon Steel - P1 Materials 

AWS B2.1-1/8-228 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Groups 1 or 2) to Austenitic 
Stainless Steel (M-8/P-8/S-8, Group 1),1/8 through 1-1/2 inch thick, 
E309(L)-15,-16,or -17, as-welded condition, primarily pipe 
applications 

AWS B2.1-001-90 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel, (M-1/P-1, Group 1 or 2), 3/16 through 3/4 
inch, in the as-welded condition, with backing 

AWS B2.1-1-011 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Galvanized Steel (M-1),10 through 18 gauge, in the as-
welded condition, with or without backing 

AWS B2.1-1-012 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1, P-1, or S-1 to M-1, P-1, or S-1),10 
through 18 gauge, in the as-welded condition, with or without 
backing 

AWS B2.1-1-016-
94R 

Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2),1/8 through 1-
1/2 inch thick, E7018, as-welded or PWHT condition 

AWS B2.1-1-017-
94R 

Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2),1/8 through 1-
1/2 inch thick, E6010, as-welded or PWHT condition 

AWS B2.1-1-026-
94R 

Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2),1/8 through 1-
1/2 inch thick, E6010 (Vertical Downhill) followed by E7018, as-
welded or PWHT condition 

AWS 82.1-1-202-96 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8 through 
3/4 inch thick, E6010 (Vertical Downhill) followed by E7018 (Vertical 
Uphill), as-welded condition, primarily pipe applications 

AWS 82.1-1-205-96 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel (M-1/P-1/S-1, Group 1 or 2), 1/8 through 
1-1/2 inch thick, E6010 (Vertical Uphill) followed by E7018 (Vertical 
Uphill), as-welded or PWHT condition, primarily pipe applications 

AWS B2.1-4-218 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Chromium Molybdenum Steel (M-4/P-4, Group 1 or 2), 
E8018-B2, 1/8 through 1/2 inch thick, as-welded condition, 1/8 
through 1-1/2 inch thick, PWHT condition, primarily pipe 
applications 

AWS B2.1-8-023-
94R 

Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Austenitic Stainless Steel (M-8/P-8/S-8, Group 1), 1/8 
through 1-1/2 inch thick, as-welded condition 

AWS B2.1-1/8-014 Standard Welding Procedure Specification for Shielded Metal Arc 
Welding of Carbon Steel to Austenitic Stainless Steel (M-1 to M-
8/P-8/S-8, Group 1), 10 through 18 gauge, in the as-welded 
condition, with or without backing 
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4.2.3  Performance qualification 
 
Welders and welding operators shall be qualified for the welding processes that are used. 
Such qualification shall be in accordance with the requirements of the original code of 
construction, the construction standard, code selected or Section IX of the ASME Boiler and 
Pressure Vessel Code. Use of a Standard Welding Procedure Specification shown in 4.3 is 
permitted for performance qualification testing. 
 
4.2.4  Welding records 
 
The authorised repairer shall maintain a record of the results obtained in Welding Procedure 
Qualifications, except for those qualifications for which the provisions of clause 4.2.2 are used 
and of the results obtained in welding performance qualifications. These records shall be 
certified by the authorised inspection agency and shall be available to the Inspector. 
 
4.2.5  Welders’ identification 
 
The authorised repairer shall establish a system for the assignment of an identification mark 
to each qualified welder/welding operator. The authorised repairer shall also establish a 
written procedure whereby welded joints are identified as to the qualified welder/welding 
operator who made them. The authorised repairer/owner shall keep a documented record of 
welded joints and the qualified welder/welding operator used in making the joints. 
 
4.2.6  Welders’ continuity 
 
The performance qualification of a qualified welder/welding operator shall be affected when 
one of the following conditions occur: 
 
a) When the welder/welding operator has not welded using a specific process during a 

period of six months or more, their qualifications for that process shall expire. The 
authorised repairer shall maintain a welding continuity record and shall make the record 
available to the Inspector. The method of recording welding continuity and the record 
retention period shall be described in the authorised repairer Quality System Manual. 

 
b) When there is specific reason to question their ability to make welds that meet the 

specification, the qualification which supports the welding that is being performed shall be 
revoked. All other qualifications not questioned remain in effect. 

 
4.3  Heat treatment 
 
4.3.1  Preheating 
 
a)  Preheating may be employed during welding to assist in completion of the welded joint. 

The need for and the temperature of preheat are dependent on a number of factors such 
as chemical analysis, degree of restraint of the items being joined, material thickness and 
mechanical properties. The welding procedure specification for the material being welded 
shall specify the preheat temperature requirements. 

 
b)  The minimum temperatures for preheating shall conform to the original code of 

construction.  
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4.3.2  Postweld heat treatment (PWHT) 
 
a)  Postweld heat treatment (PWHT) shall be performed as required by the original code of 

construction, the construction standard or code selected in accordance with a written 
procedure. The procedure shall contain the parameters for postweld heat treatment. 

 
b)  When it is impractical or detrimental to postweld heat treat the entire item or band around  

the item, the following local PWHT method may be performed on spherical or cylindrical 
pressure-retaining items using the time and temperature parameters in the original code 
of construction and in accordance with a written acceptance by the Inspector and, when 
required, by the relevant local regulatory body. 

 
i) Heat a local area around the nozzle, welded attachment, or repair area such that the 

area is brought up uniformly to the required PWHT temperature. The application of 
local PWHT should be performed with controlled heating methods, such as induction 
or electric resistance heaters, and employing thermocouples to monitor PWHT 
temperature. The Soak Band (SB) shall extend tangentially and radially from the edge 
of the nozzle wall, or attachment weld or repair area equally by a minimum distance 
as defined by the thickness of the shell, t or 50 mm, whichever is less. 

 
Soak Band (SB) is the region on the spherical or cylindrical shell that will be heated 
uniformly to the required PWHT temperature. This band encompasses a circular 
region in the tangential and radial directions starting from the edge of a welded 
nozzle, or repair area or welded attachment that will be subjected to PWHT. 

 
ii) The length of the Heating Band (HB) shall consist of the SB distance plus 4√R*t. In no 

case shall the distance of the HB that extends beyond the edge of the nozzle weld, 
attachment weld or repair area be less than 5√R*t, where R is the outer radius of the 
spherical or cylindrical shell in mm, and t is equal to the nominal thickness of the 
spherical or cylindrical shell in mm. 

 
Heating Band (HB) is the region that encompasses the application of heat for PWHT 
and is defined in length by the equation (SB + 4√R*t). 

 
c) The Gradient Control Band (GCB) shall be kept as low as possible in all directions to 

avoid harmful temperature gradients adjacent to nozzles or geometric discontinuities.  
 

Gradient Control Band (GCB) is the region that encompasses the SB, HB and extends 
beyond the edge of the HB. 

 
d) For PWHT of nozzle welds, repair welds, and external attachment welds on smooth 

spherical shells, heads, and cylindrical shells, the temperature differential within the GCB 
measured at the outside edge of the SB and the temperature measured at the outside 
edge of the HB shall not exceed one-half (1/2) of the peak soak PWHT temperature. 

 
e) The term t, or definition of thickness for calculating the holding time, for local PWHT shall 

be the nominal thickness of either a full penetration weld, or the groove weld depth of a 
partial penetration repair weld. If a fillet weld is used in combination with a groove weld, 
the nominal thickness for PWHT shall be the depth of the groove weld. 
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4.3.3  Alternative welding methods without postweld heat treatment 
 
a) Under certain conditions, postweld heat treatment, in accordance with the original code 

of construction, may be inadvisable or impractical. In such instances, the following 
alternative methods may be used. 

 
b) Competent technical advice shall be obtained from the manufacturer of the pressure-

retaining item or from another qualified source, such advice being especially necessary if 
the alternative is to be used in highly stressed areas, if service conditions are conducive 
to stress corrosion cracking, if materials are subject to hydrogen embrittlement, or are 
operating at temperatures in the creep range, or if the alternative is being considered for 
"on-stream" repairs or "hot tapping" on piping systems. Selection of the welding method 
used shall be based on the rules of the original code of construction together with the 
above mentioned advice concerning the adequacy of the weld in the as-welded condition 
at operating and pressure test conditions. 

 
c) Prior to welding, the area prepared for welding shall be examined using either the 

Magnetic Particle (MT) or the Liquid Penetrant (PT) examination method to determine 
that no defects exist. After the finished weld has reached ambient temperature, the weld 
shall be examined again by either of the above methods to determine that no defects 
exist using acceptance standards acceptable to the Inspector or original code of 
construction. In addition, welds in a boiler, pressure vessels, or piping system that were 
originally required to be radiographed by the rules of the original code of construction, 
shall be radiographically examined. In situations where it is not practical to perform 
radiography, the accessible surfaces of each non-radiographed repair weld shall be fully 
examined using the MT or PT method to determine that no defects exist and the 
maximum allowable working pressure and/or allowable temperature shall be re-
evaluated to the satisfaction of the relevant local regulatory body at the location of 
installation.   

 
d) Methods that may be used as alternatives to postweld heat treatment are described in 

the following subclauses. 
 
4.3.3.1  Welding Method 1 
 
When using this method, the following is required: 
 
a) This method may be used when the applicable rules of the original code of construction 

did not require notch toughness testing. 
 
b) The materials shall be limited to P-No. 1, Group 1, 2 and 3 and to P-No. 3, Group 1 and 

2 (excluding Mn-Mo steels in Group 2) as permitted for welded construction by the 
applicable rules of the original code of construction. 

 
c) The welding shall be limited to the shielded metal-arc welding (SMAW), gas metal-arc 

welding (GMAW), fluxcored arc welding (GMAW), fluxcored arc welding (FCAW) and 
gas tungsten-arc welding (GTAW) processes. 

 
d) The welders and welding procedures specifications shall be qualified in accordance with 

the applicable rules of the original code of construction, except that no postweld heat 
treatment shall be applied to the test coupon. 
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e) The weld area shall be preheated and maintained at a minimum temperature of 149 °C 

during welding. The 149 °C temperature shall be checked to assure that 102 mm of the 
material or four times the material thickness (whichever is greater) on each side of the 
groove (or full thickness of joint for a groove weld) is maintained at the minimum 
temperature during welding. The maximum interpass temperature shall not exceed 230 
°C. When the weld does not penetrate through the full thickness of the material, the 
minimum preheat and maximum interpass temperatures need only be maintained at a 
distance of 102 mm or four times the depth of the repair weld, whichever is greater, on 
each side of the joint. 

 
4.3.3.2  Welding Method 2 
 
When using this method, the following is required: 
 
a) This method shall be used when the applicable rules of the original code of construction 

required notch toughness testing or shall be used when the applicable rules of the 
original code of construction did not require notch toughness testing provided the 
adequacy of the notch toughness of the weld, including the heat-affected zone, in the as-
welded condition at operating and pressure test conditions is verified. 

 
b) The materials shall be limited to carbon and low alloy steels permitted for welded 

construction by the applicable rules of the original code of construction, including those 
materials conforming to any of the following ASME P-No. designations: P-No. 1, Group 1, 
2, and 3, P-No. 3, Group 1, 2 and 3, P-No. 4, P-No. 5A, P-No. 9A, P-No. 10A, P-No. 10B, 
P-No. 10C, P-No. 11A or P-No. 11B. 

 
c) The welding shall be limited to the Shielded Metal-Arc Welding (SMAW), Gas Metal-Arc 

Welding (GMAW), Fluxcored Arc Welding (FCAW) and Gas Tungsten-Arc Welding 
(GTAW) processes. 

 
d) The welding procedures specifications shall be qualified in accordance with the temper 

bead procedure qualification requirements in QW-290 of Section IX of ASME Boiler and 
Pressure Vessel Code, and shall include the following additional requirements: 

 
i) For P-No. 1 Groups 1, 2 and 3 and P-No. 3 Groups 1, 2 and 3, the minimum preheat 

temperature shall be 177 °C and the maximum interpass shall be 232 °C. 
 

ii) For P-No. 9A, P-No. 10A, P-No. 1013, P-No. 10C, P-No. 11A or P-No. 11B, the 
minimum preheat and interpass temperature requirements shall be in accordance 
with the guidelines in 4.3.1. 

 
iii) For P-No. 4 and P-No. 5A materials, the minimum preheat, interpass temperature, 

and technique shall be in accordance with 4.3.3.4. The repair depth for temper bead 
repairs to P-No. 4 and P-No. 5A materials shall be in accordance with the 
requirements of 4.3.3.4(a). 
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e) The test material for the welding procedure qualification shall be of the same material 

specification (including specification type, grade, class and condition of heat treatment) as 
the material being repaired. In the event that the notch toughness of the material to be 
repaired is unknown, evidence from tests of that material or from another acceptable 
source (see 4.3.3) may be used for the base metal notch toughness when qualifying the 
WPS as required in 4.3.3.2 h). In the event that the original material specification is 
obsolete, the test material used should conform as closely as possible to the original 
material used for construction based on nominal composition and carbon equivalent (IIW 
Formula), but in no case shall the material be lower in strength. 

 

f) The qualification thickness for the test plates and repair groove depths shall be in 
accordance with Section IX of ASME Boiler and Pressure Vessel Code. 

 
g) The organisation making the repair shall include, when qualifying its WPS, sufficient tests 

to determine that the notch toughness of the weld metal and the heat-affected zone of the 
base metal in the as-welded condition is adequate at the minimum operating and 
pressure test temperatures (including start-up and shutdown). If for reasons of corrosion 
resistance, special hardness limits are necessary, such limits shall be included when 
qualifying the WPS. 

 
h) Notch toughness shall be determined and evaluated by Charpy impact tests in 

accordance with the provisions of the original code of construction at the temperature 
determined in accordance with 4.3.3.2 d). Exemptions from impact testing described in 
the original code of construction are not applicable. 

 
i) For the welding process in 4.3.3.2 c), use only electrodes and filler metals that are 

classified by the filler metal specification with a diffusible-hydrogen designator of H8 or 
lower. When shielding gases are used with a process, the gas shall exhibit a dew point 
that is below -50 °C. Surfaces on which welding will be done shall be maintained in a dry 
condition during welding and be free of rust, mill scale and hydrogen producing 
contaminants such as oil, grease and other organic materials. 

 
j) After the weld has been deposited flush with the base metal, a surface temper reinforcing 

weld layer shall be applied. 
 

k) For welds made by SMAW and FCAW, after completion of welding and without allowing 
the weldment to cool below the minimum preheat temperature, the temperature of the 
weldment shall be raised to a temperature of 232 °C minimum for a minimum period of 
two hours. This hydrogen bake-out treatment may be omitted provided the electrode used 
is classified by the filler metal manufacturer with a diffusible-hydrogen designator of H4 
(e.g. E7018-H4). 

 
l) After the finished repair weld has cooled to ambient temperature, the surface temper 

reinforcing layer shall be removed substantially flush with the surface of the base material. 
 
4.3.3.3  Welding Method 3 
 
When using this method, the following is required: 
 
a) This method maybe used when the applicable rules of the original code of construction 

did not require notch toughness testing. 
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b) The materials shall be limited to any P-No. 1 or P-No. 3 material as permitted for welded 

construction by the applicable rules of the original code of construction. 
 
c) The welding shall be limited to the SMAW, FCAW and GTAW processes. 
 
d) The test material for the welding procedure qualification shall be of the same P-No. and 

Group No. as the base material specification of the repair. In the event that the original 
material specification is obsolete, the test material used should conform to the nominal 
composition and carbon equivalent (IIW Formula) as the material being repaired, but in 
no case shall the material be lower in strength. 

 
e) If for reasons of corrosion resistance, special hardness limits are necessary, such limits 

shall be included when qualifying the WPS. 
 
f) The qualification thickness for the test plates and repair groove depths shall be in 

accordance with Section IX of ASME Boiler and Pressure Vessel Code. 
 
g) The WPS shall be qualified in accordance with the temper bead procedure qualification 

requirements in QW-290 of Section IX of ASME Boiler and Pressure Vessel Code and 
shall include the following additional requirements: 

 
i) The minimum preheat temperature for welding shall be 177 °C and the maximum 

interpass temperature shall be 232 °C. 
 

ii) For the welding processes in 4.3.3.3 c), only electrodes or filler metals that are 
classified by the filler metal specification with a diffusible-hydrogen designator of H8 
or lower may be used. When shielding gases are used with a process, the gas shall 
exhibit a dew point that is below -50 °C. Surfaces on which welding will be done shall 
be maintained in a dry condition during welding and be free of rust, mill scale and 
hydrogen producing contaminants such as oil, grease and other organic materials. 

 
iii) After completion of welding using SMAW and without allowing the weldment to cool 

below the minimum preheat temperature, the temperature of the weldment shall be 
raised to a temperature of 232 °C minimum for a minimum period of two hours. This 
hydrogen bake-out treatment may be omitted provided the electrode used is classified 
by the filler metal manufacturer with a diffusible-hydrogen designator of H4 (e.g. 
E7018-H4). 

 
iv) After the finished repair weld has cooled to ambient temperature, the final temper 

bead reinforcement layer shall be removed substantially flush with the surface of the 
base material. 

 
4.3.3.4  Welding Method 4 
 
When using this method, the following is required: 
 
a) This method is limited to repair welds in pressure-retaining items containing defects not 

penetrating through the full thickness for which the applicable rules of the original code of 
construction did not require notch toughness testing. 

 
b) The materials shall be limited to P-No. 4, Groups 1 and 2, and P-No. 5A steels as 

permitted for welded construction by the applicable rules of the original code of 
construction. 
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c) The welding shall be limited to the SMAW, FCAW, GMAW or GTAW processes using 

low-hydrogen electrodes and filler metals classified by the filler metal specification with a 
diffusible-hydrogen designator of H8 or lower, and suitably controlled by maintenance 
procedures to avoid contamination by hydrogen producing sources. The surface of the 
metal prepared for welding shall be free of contaminants. 

 
d) The test material for the welding procedure qualification shall be of the same P-No. and 

Group No. as the original material specification for the repair. In the event that the original 
material specification is obsolete, the test material used shall conform to the nominal 
composition and carbon equivalent (IIW formula) as the original material used for 
construction, and in no case shall the material be lower in strength. 

 
e) If for reasons of corrosion resistance, special hardness limits are necessary, such limits 

shall be included when qualifying the WPS. 
 
f) The qualification thickness for the test plates and repair groove depths shall be in 

accordance with Section IX of ASME Boiler and Pressure Vessel Code. 
 
g) The WPS shall be qualified in accordance with the temper bead procedure qualification 

requirements in QW-290 of Section IX of ASME Boiler and Pressure Vessel Code, and 
shall include the following additional requirements: 

 
i) The minimum preheat temperature for welding shall be 150 °C for P-No. 4 material 

and 200 °C for P-No. 5A material. The preheat temperature shall be checked to 
ensure that 102 mm of the material or four times the material thickness (whichever is 
greater) on each side of the groove (or full thickness of joint for a groove weld) is 
maintained at the minimum temperature during welding. The interpass temperature 
shall not exceed 430 °C. When the weld does not penetrate through the full thickness 
of the material, the minimum preheat and maximum interpass temperature need only 
be maintained for 102 mm or four times the depth of the repair weld (whichever is 
greater) on each side of the joint. 

 
ii) For the welding processes in 4.3.3.4 c), use only electrodes or filler metals that are 

classified by the filler metal specification with a diffusible-hydrogen designator of H8 
or lower. When shielding gases are used with a process, the gas shall exhibit a dew 
point that is below -50 °C. Surfaces on which welding will be done shall be maintained 
in a dry condition during welding and be free of rust, mill scale and hydrogen 
producing contaminants, such as oil, grease and other organic materials. 

 
iii) After the weld has been deposited flush with the base metal, a surface temper 

reinforcing weld layer shall be applied. 
 

iv) For welds made by the SMAW and FCAW processes, after completion of welding 
and without allowing the weldment to cool below the minimum preheat temperature, 
the temperature of the weldment shall be raised to 232 °C minimum for a minimum 
period of two hours. This hydrogen bake-out treatment may be omitted provided the 
electrode used is classified by the filler metal manufacturer with a diffusible-hydrogen 
designator of H4 (e.g. E7018-H4). 

 
v) After the finished repair weld has cooled to ambient temperature, the surface temper 

reinforcing weld layer shall be removed substantially flush with the surface of the base 
metal (and for a fillet weld to the required size and suitable contour of the toes). 
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4.3.3.5  Welding Method 5 
 
When using this method, the following is required: 

 
a) This welding method may be used when the applicable rules of the original code of 

construction or the construction standard or code selected permit joining dissimilar 
materials used in pressure-retaining items. 

 
b) The materials shall be limited to ASME P-No. 1, Groups 1, 2 and 3, P-No. 3, Groups 1, 2 

and 3, P-No. 4, P-No. 5A, P-No. 9A, P-No. 10A, P-No. 10B, P-No. 10C, P-No. 11A, P-No. 
11B joined to either P-No. 8, P-No. 42, P-No. 43, or P-No. 45, as permitted for welded 
construction by the applicable rules of the original code of construction. 

 
c) The welding shall be limited to the SMAW, FCAW, GMAW and machine or automatic 

GTAW processes. The filler metal used for joining the dissimilar materials shall be either 
A-No. 8 or Nickel-Chrome alloy classification (F-No. 43). When selecting a filler metal for 
dissimilar metal weld joints, determine if the weld joint will be exposed to elevated 
temperature service. A-No. 8 filler metals exposed to service temperatures greater than 
427 °C will exhibit reduced creep life along the fusion zone of the ferritic material due to 
carbon diffusion. Instead, a low hydrogen, Nickel-Chromium alloy classification filler metal 
shall be used for dissimilar weld joints exposed to service temperatures at or above       
427 °C. 

 
d) The WPS shall be qualified in accordance with the temper bead rules of QW-290 in 

Section IX of ASME Boiler and Pressure Vessel Code. 
 
e) If the original code of construction did not require notch toughness testing, qualification of 

WPS for joining ASME P-No. 1, P-No. 3 ferritic materials to either P-No. 8, P-No. 42, P-
No. 43, or P-No. 45 materials shall be in accordance with requirements in either 4.3.3.1, 
Welding Method 1 or in 4.3.3.3, Welding Method 3. 

 
f) If the. original code of construction did not require notch toughness testing, qualification of 

WPS for joining ASME P-No. 4, P-No, 5A ferritic materials to either P-No. 8, P-No. 42, P-
No. 43, P-No. 45 materials shall be in accordance with the requirements in 4.3.3.4, 
Welding Method 4. 

 
g) If the original code of construction required notch toughness testing, qualification of WPS 

for joining ferritic  materials to either P-No. 8, P-No. 42, P-No. 43, or P-No. 45 materials 
shall be in accordance with the requirements in 4.3.3.2, Welding Method 2. 

 
 

5  Requirements for repair and alterations 
 
5.1  General 
 
This clause provides general and specific requirements for materials, replacement parts, and 
methods used when performing repairs and alterations to pressure-retaining items.  
 
5.2  General requirements for repairs and alterations 
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5.2.1  Material requirements for repairs and alterations 
 
The materials used in making repairs or alterations shall conform insofar as possible to the 
original code of construction or construction standard or code selected, including the material 
specification requirements used for the work planned. Carbon or alloy steel having a carbon 
content of more than 0.35 % shall not be welded unless permitted by the original code of 
construction, The authorised repairer is responsible for verifying identification of existing 
materials from original data, drawings, or pressure-retaining item records, and identification of 
existing materials from original data, drawings, or pressure-retaining item records, and 
identification of the materials to be installed. Consideration shall be given to the condition of 
the existing material, especially in the weld preparation area. If the existing material cannot be 
verified (unknown), the authorised repairer shall perform a chemical analysis and hardness 
testing, as a minimum, of the unknown material to verify its weldability and strength or may 
elect to qualify a weld procedure. If there is a question with regard to the weldability 
characteristics of the material, then competent technical advice should be obtained. 
 
5.2.2  Replacement parts 
 
Replacement parts to be used in repairs or alterations shall meet the following applicable 
requirements: 
 
a) Replacement parts that will be subject to internal or external pressure that consist of new 

materials which should be formed to the required shape by casting, spinning, forging, die 
forming, and on which no fabrication welding is performed, shall be supplied as material. 
Such parts shall be marked with the material and part identification and the name or 
trademark of the parts manufacturer. In lieu of full identification marking on the material 
or part, the part manufacturer may use a coded marking system traceable to the original 
marking. Such markings shall be considered as the parts manufacturer's certification that 
the part complies with the original code of construction. Examples include seamless or 
welded tubes or pipe, forged nozzles, heads or tubesheets, or subassemblies attached 
together mechanically. 

 
b) Replacement parts that will be subject to internal or external pressure that are 

preassembled by attachment welds shall have the welding performed in accordance with 
the original code of construction. The supplier or manufacturer shall certify that the 
material and fabrication are in accordance with the original code of construction. This 
certification shall be supplied in the form of bills of material and drawings with statement 
of certification. Examples include boiler furnace wall or floor panel assemblies, 
prefabricated openings in boiler furnace walls, such as burner openings, air ports, 
inspection openings, or sootblower openings. 

 
c)  Replacement parts subject to internal or external pressure, fabricated by welding shall be 

manufactured by an organisation certified as required by the original code of construction. 
The item shall be inspected and accepted as required by the original code of construction. 

 
5.2.3  Drawings 
 
As appropriate, drawings shall be prepared to describe the repair or alteration. Drawings shall 
include sufficient information to satisfactorily perform the repair or alteration. 
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5.2.4  Design requirements for repairs and alterations 
 
a) Many repairs may not require drawings or design calculations when the original code of 

construction is known and drawings and/or a Manufacturer’s Data Report is available; and 
 
b) The authorised repairer performing repairs and alterations shall establish the construction 

standard or code and sufficient controls to ensure that all required design information, 
applicable drawings, design calculations, specifications, and instructions are prepared, 
obtained, controlled, and interpreted to provide the basis for a repair or an alteration in 
accordance with the original code of construction. When a Manufacturer's Data Report is 
required by the original construction standard, a copy of the original data report shall be 
obtained, where available, for use in the design of the repair or alteration. When the 
original Manufacturer's Data Report cannot be obtained, agreements on the method of 
establishing design basis for the repair or alteration shall be obtained from the Inspector 
and the relevant local regulatory body, when required. 

 
5.2.5  Calculations 
 
For alterations, calculations shall be completed prior to the start of any physical work. All 
design calculations shall be completed by an organisation experienced in the design portion 
of the standard used for construction of the item. All calculations shall be made available for 
review by the Inspector accepting the design. 
 
5.2.6  Reference to other codes and standards 
 
Other codes, standards and practices pertaining to the repair and alterations of pressure 
retaining items can provide useful guidance. Use of these codes, standards and practices is 
subject to review and acceptance by the Inspector, and when required, by the relevant local 
regulatory body. 
 
5.3  Repairs to pressure-retaining items 
 
All repairs shall be documented as per the requirements of the relevant local regulatory body. 
 
5.3.1  Defect repairs 
 
Before a repair is made to a defect in a welded joint or base metal, care should be taken to 
investigate its cause and to determine its extent and likelihood of recurrence. 
 
5.3.2  Routine repairs 
 
a) Repairs falling within one or more of the following categories may be considered routine: 

 
i)  welded repairs or replacements of valves, fittings, tubes, or pipes NPS 5 (DN 125) in 

diameter and smaller, or sections thereof, where neither postweld heat treatment nor 
NDE other than visual is required by the original code of construction. This includes 
their attachments such as clips, lugs, skirts, etc., but does not include nozzles to 
pressure-retaining items; 
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ii) the addition or repair of non-load bearing attachments to pressure-retaining items 
where postweld heat treatment is not required; 

 
iii) weld buildup of wasted areas in heads and shells not exceeding an area of 64,520 sq. 

mm or a thickness of 25 % of nominal wall thickness or 13 mm, whichever is less; 
and 

 
iv) corrosion resistance weld overlay not exceeding 64,520 sq. mm. 

 
b) Prior to performing routine repairs, the authorised repairer should determine that routine 

repairs are acceptable to the relevant local regulatory body where the pressure-retaining 
item is installed. 

 
c) The Inspector, with the knowledge and understanding of regulatory requirements, shall be 

responsible for meeting regulatory requirements and the requirements of this standard. 
 
c) The authorised repairer’s Quality System Program shall describe the process for 

identifying, controlling, and implementing routine repairs.  
 
5.3.3  Examples of repairs 
 
a) weld repairs or replacement of pressure parts or attachments that have failed in a weld or 

in the base material; 
 

b) the addition of welded attachments to pressure parts, such as: 
 
i) studs for insulation or refractory lining; 
 
ii) hex steel or expanded metal for refractory lining; 
 
iii) ladder clips; 
 
iv) brackets having loadings that do not affect the design of the pressure-retaining item to 

which  they are attached; and 
 
v) tray support rings; 
 

c) corrosion resistant strip lining, or weld overlay; 
 

d) weld buildup of wasted areas; 
 
e) replacement of heat exchanger tubesheets in accordance with the original design; 

 
f) replacement of boiler and heat exchanger tubes where welding is involved 

 
g) in a boiler, a change in the arrangement of tubes in furnace walls, economiser, or super 

heater sections; 
 

h) replacement of pressure-retaining parts identical to those existing on the pressure- 
retaining item and described on the original Manufacturer's Data Report. For example: 
 
i) replacement of furnace floor tubes and/or sidewall tubes in a boiler; 
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iii) replacement of a shell or head in accordance with the original design; 
 
iii) rewelding a circumferential or longitudinal seam in a shell or head; and 
 
iv) replacement of nozzles of a size where reinforcement is not consideration; 

 
i)  installation of new nozzles or openings of such a size and connection type that 

reinforcement and strength calculations are not a consideration required by the original 
code of construction; 

 
j)  the addition of a nozzle where reinforcement is a consideration may be considered to be a 

repair, provided the nozzle is identical to one in the original design, located in a similar part 
of the vessel, and not closer than three times its diameter from another nozzle. The 
addition of such a nozzle shall be restricted by any service requirements; 

 
k)  the installation of a flush patch to a pressure-retaining item; 
 
l)  the replacement of a shell course in a cylindrical pressure vessel; 
 
m) welding of gauge holes; 
 
n)  welding of wasted or distorted flange faces; 
 
o)  replacement of slip-on flanges with weld neck flanges or vice versa; 
 
p)  seal welding of buttstraps and rivets; 
 
q)  subject to the administrative procedures of the relevant local regulatory body and approval 

of the Inspector, the replacement of a riveted section or part by welding; 
 
r)  the repair or replacement of a pressure part with a code-accepted material that has a 

nominal composition and strength that is equivalent to the original material, and is suitable 
for the intended service;  

 
s)  replacement of a pressure-retaining part with a material of different nominal composition, 

equal to or greater in allowable stress from that used in the original design, provided the 
replacement material satisfies the material and design requirements of the original code 
of construction under which the vessel was built. The minimum required thickness shall 
be at least equal to the thickness stated on the original Manufacturer's Data Report; and 

 
t)  the replacement of a Pressure Relieving Device (PRD) attached by welding, provided the 

replacement device’s relieving capacity is equal to or greater than the PRD-capacity 
required by the original code of construction. 
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5.3.4  Repair methods 
 
5.3.4.1 Scope 
 
A repair of a defect in a welded joint or base material shall not be made until the defect has 
been removed. A suitable Nondestructive Examination (NDE) method, such as Magnetic 
Particle (MT) or Liquid Penetrant (PT), may be necessary to ensure complete removal of the 
defect. If the defect penetrates the full thickness of the material, the repair shall be made with 
a full penetration weld such as a double buttweld or single buttweld with or without backing. 
Where circumstances indicate that the defect is likely to recur, consideration should be given 
to removing the defective area and installing a flush patch or taking other corrective 
measures acceptable to the Inspector, and when required, by the relevant local regulatory 
body. 
 
5.3.4.2 Defect repairs 
 
a) Cracks 
 

A repair of a crack in a welded joint or base material shall not be made until the defect has 
been removed. A suitable nondestructive examination method such as a MT or PT may 
be necessary to ensure complete removal of the defect. If the defect penetrates the full 
thickness of the material, the repair shall be made with a full penetration weld such as a 
double buttweld or single buttweld with or without backing, as allowed by the original code 
of construction. 

 
b) Unstayed boiler furnace cracks 
 

Cracks at the knuckle or at the turn of the flange of the furnace opening require immediate 
replacement of the affected area or specific approval of repairs by the relevant local 
regulatory body (see Figure 1). 

 
c) Rivet or staybolt hole cracks 
 

Cracks radiating from rivet or staybolt holes may be repaired if the plate is not seriously 
damaged. If the plate is seriously damaged, it shall be replaced. For suggested methods 
of repair, see Figure 2. 

 
d) Minor defects 
 

Minor cracks, isolated pits, and small plate imperfections should be examined to 
determine the extent of the defect and whether repair by welding is required. Prior to 
repair by welding, the defects shall be removed to sound metal. Liquid penetrant or 
magnetic particle examination may be used before or after welding. 

 
e) Defective bolting 
 

Defective bolting material shall not be repaired but shall be replaced with suitable material 
that meets the specifications of the original code of construction. 
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f) Bulges 
 

i) a bulge on a watertube shall be investigated to determine the cause and extent of 
damage to the tube prior to repair. If the bulge has resulted in metallurgical changes 
to the original tube material, as determined by field metallography, installation of a 
new length of tubing or tube patch (see 5.3.4.6 b)) is required. If the bulge has cracks 
as determined by NDE,  

 
installation of a new length of tubing or a tube patch is required. If the bulge does not 
exhibit cracks and has not resulted in metallurgical changes to the original tube 
material, a mechanical repair may be considered subject to the concurrence of the 
Inspector or the relevant local regulatory body. 

 
ii)  a bulge on a plate shall be investigated to determine the cause and extent of damage 

to the plate prior to repair. If the bulge has resulted in metallurgical changes to the 
original plate material, as determined by field metallography, installation of a flush 
patch (see 5.3.4.6 a)) is required. If the plate has cracks as determined by NDE, 
installation of a flush patch is required. If the bulge does not exhibit cracks and has 
not resulted in metallurgical changes to the original plate material, a mechanical 
repair may be considered, subject to the concurrence of the Inspector or the relevant 
local regulatory body. 

 
g) Blisters 

 
A blister may be caused by a defect in the metal such as lamination where one side 
exposed to the fire overheats but the other side retains its strength due to the cooling 
effect of the water. After the blistered material has been removed, the remaining wall 
thickness shall be determined by ultrasonic thickness testing. A surface examination 
using liquid penetrant testing or magnetic particle testing shall be made to ensure the 
remaining material contains no defects. If the remaining wall thickness is adequate, in 
the judgment of the Inspector, the area may be repaired by welding as covered in 
5.3.4.3. If the remaining wall thickness is not adequate, a plate will require a flush patch 
(see 5.3.4.6 a)) and a tube will require a new length of tube or tube patch (see 5.3.4.6 
b)). 
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Cracks radiating from rivet or staybolt holes should be repaired if the plate is not seriously 
damaged. If the plate is seriously damaged, it shall be replaced. A suggested repair method is 
described below: 
 
a) Prior to welding, the rivets or staybolts from which the cracks extend and the adjacent 

rivets (or staybolts if appropriate) should be removed; 
 
b)  In riveted joints, tack bolts should be placed in alternate holes to hold the plate laps firmly; 
 
c) The cracks should then be prepared for welding by chipping, grinding, or gouging; 
 
d) In riveted joints, cracks which extend past the inner edge of the plate lap should be 

welded from both sides; 
 
e) Rivet holes sh ould be reamed before new rivets are driven; and  
 
f) Threaded staybolt holes should be retapped and new staybolts properly driven and 

headed. 
 

Figure 1. Unstayed boiler furnaces 

 

  

Figure 2. Rivet and staybolt hole cracks 
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5.3.4.3  Wasted areas 
 
a) Shells, drums, headers 
 

Wasted areas in stayed and unstayed shells, drums, and headers may be built up by 
welding, provided that in the judgment of the Inspector the strength of the structure has 
not been impaired. Where extensive weld buildup is employed, the Inspector may require 
an appropriate method of NDE for the completed surface of the repair. For suggested 
methods of building up wasted areas by welding, see Figure 3. 

 
b) Access opening 
 

Wasted areas around access openings may be built up by welding or they may be 
repaired as described in Figure 4. 

 
c) Flanges 
 

Wasted flange faces may be cleaned thoroughly and built up with weld metal. They 
should be machined in place, if possible, to a thickness not less than that of the original 
flange or that required by calculations in accordance with the provisions of the original 
code of construction. Wasted flanges may also be re-machined in place without building 
up with weld metal, provided that metal removed in the process does not reduce the 
thickness of the flange to a measurement below that calculated above. Flanges that leak 
because of warpage or distortion and which cannot be re-machined shall be replaced 
with new flanges that have at least the dimensions conforming to the original code of 
construction. 

 
d) Tubes 
 

Wasted areas on tubes may be repaired by welding, provided that, in the judgment of the  
Inspector the strength of the tube has not been impaired. Where deemed necessary, 
competent technical advice should be obtained from the manufacturer or from another 
qualified source. This may be necessary when considering such items as size limitations 
of repaired areas, minimum tube thickness to be repaired, tube environment, location of 
the tube in the boiler, and other similar conditions. 

 
e) External weld metal build up 

 
i)  Pressure-retaining items that have localised internal thinning due to erosion and/or 

corrosion and where the internal surface is not readily accessible may be weld 
repaired by depositing weld metal on the external surface of the item as shown in 
Figure 5. This method of repair is subject to approval by the Inspector and the 
relevant local regulatory body, where required. 

 
ii) All of the following conditions shall apply for this repair method to be permitted: 
 

1) the component to be repaired shall be a ferrous material; 
 
2) the maximum design temperature of the repaired component shall not exceed      

340 °C, and the minimum design temperature shall not be less than -29 °C; 
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3) the pressure-retaining item shall be volumetrically examined for cracks in the area 

to be weld repaired. If cracks are detected, this repair method shall not be used; 
 
4) the WPS followed shall be qualified for weld metal buildup in accordance with the 

original code of construction approved by the relevant local regulatory body. The 
nominal chemical analysis of the deposited weld metal shall be equivalent to the 
base material that is to be repaired. In addition, the nominal tensile strength of the 
deposited weld metal shall be equal to or exceed the specified minimum tensile 
strength and shall be based on the requirements of the welding consumable. If 
butt joints in the component being overlaid required postweld heat treatment 
(PWHT) by the code of construction, the WPS followed for the weld buildup shall 
be given PWHT;  

 
5) the pressure-retaining item shall be taken out of service prior to performing the 

weld metal buildup. The owner of the pressure-retaining item shall evaluate the 
flammability, volatility, or potential reaction of the contents that were in the vessel 
to ensure safe working conditions during weld repair. When required by the results 
of this evaluation, the pressure-retaining item shall be drained of its contents to the 
extent necessary to make the repair; 

 
6) this method may be used more than once in the same areas to repair locally 

thinned areas; however, the cumulative weld buildup for all repairs shall not 
exceed the thickness (t) of the component at any point; and 

 
7) repairs using this method shall not cover more than 25 % of the circumference of 

the component. 
 

iii) External weld buildup shall be applied in accordance with the following requirements: 
 

1) the area to be repaired shall be ultrasonically scanned for wall thickness, and the 
location and size of the thinned region shall be mapped; 

 
2) the area requiring repairs and the boundaries of the weld buildup shall be marked 

on the external surface of the component; 
 

3) the general design of the external weld buildup shall be in accordance with Figure 
5. The finished weld buildup shall be circular, oval, or rectangular in shape; 

 
4) the weld buildup shall extend, at full thickness, a minimum distance B in each 

direction beyond the boundaries of the thinned base metal area. 
 
R = outer radius of the component, or D/2 

 

B = 3/4 √Rtnom 
  
tnom = nominal wall thickness of the component 

 
The thickness shall be sufficient to maintain the predicted life of the repair. Any 
corrosion allowance that is determined to be necessary shall be added to the value 
of B. 
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5) all edges of the weld buildup shall be tapered to the existing contour of the 
component, at a maximum angle (α) of 45°; 

 
6) the thickness of the weld buildup shall be uniform except along tapered edges as 

welded surfaces are acceptable, provided they are free of coarse ridges and valleys 
and are suitable for any required nondestructive examinations; 

 
7) all corners of the weld buildup shall have a minimum radius (r); not less than the 

overlay thickness; 
 
8) any corrosion allowance that is determined to be necessary shall be added to the 

thickness of the weld buildup; 
 
9) the thickness (W) of the weld deposit plus the remaining wall thickness in the 

affected area (μ) of the component at its thinnest point shall not exceed the nominal 
wall thickness (t) of the component. This shall be verified by ultrasonic methods; 

 
10) final dimension and contour of the weld buildup may be achieved by grinding or 

machining. This work may be done before or after any PWHT; 
 

11) the weld buildup shall be examined by Liquid Penetrant inspection or Wet 
Fluorescent Magnetic Particle inspection. If the buttwelds in the component being 
built up were required to be volumetrically examined during the original 
construction, the built-up area shall be similarly volumetrically examined; 

 
12) for each repair, the maximum dimension (L, length along axis) compensated by a 

circular or oval weld buildup shall not exceed the lesser of 1/4 the nominal outside 
diameter or the component of 200 mm. The length of a rectangular patch is not 
limited; and 

 
13) the distance between the weld toes of the multiple weld buildup regions on a 

component outer diameter surface area shall not be less than 3/4 √(Rtnom). 
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Rivets and Staybolts 
 
a) Prior to welding, the rivets or staybolts in the wasted area should be removed. 
 
b) Threaded staybolt holes should be retapped after welding. 
 
c) Rivet holes should be reamed after welding. 
 
d) Welding should not cover rivet or staybolt heads. 
 
 
 

 

 
 
Tubesheet 
 
a) Prior to welding, the tubes in the wasted area should be removed. 
 
b) After welding, the tube holes may be reamed before new tubes are installed. 

 
Wasted areas in stayed and unstayed surfaces may be repaired by weld buildup, provided 
that in the judgment of the Inspector the strength of the structure will not be impaired. Where 
extensive buildup is employed, the Inspector may require an appropriated method of NDE for 
the complete surface of the repair.  
 

Figure 3. Weld buildup of wasted area 
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A badly wasted manhole flange may be removed and replaced with a ring-type frame as 
shown below. The requirements for flush patches shall be met. A full penetration weld is 
required. May be either double or welded from one side with or without a backing ring. 
 

 
 
 

Figure 4. Repairs for access openings 
 
 
 

 

L  = length of area to be repaired along the 
axis of the component 

C = length of area to be repaired along 
outside circumference of the 
component 

W = the completed thickness of the overlay 
α  = the angle between the component and 

the overlay (maximum 45°) 
B  = 3/4 √(Rt) minimum 
R  = nominal outside radius diameter of the 

component 
D  = the nominal outside diameter of the 

component 
t  =  nominal wall thickness of the 

component 
µ  = remaining wall thickness of the 

component shall be 1/6 or greater  
r  = minimum radius, not less than the 

overlay thickness 
 

Figure 5. External overlay terms and definitions 
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5.3.4.4  Seal welding 

 
a) Seal welding of tubes 
 

Tubes may be seal welded, provided the ends of the tubes have sufficient wall thickness 
to prevent burn-through and the requirements of the original code of construction are 
satisfied as shown in Figure 6. 
 

b) Seal welding of riveted joints  
 

Edges of buttstraps, plate laps, and nozzles, or of connections attached by riveting, may 
be restored to original dimensions by welding. Seal welding of riveted joints, buttstraps, or 
rivets shall require the approval of the relevant local regulatory body. If seal welding is 
approved, suggested methods and precautions are shown in Figure 7. 

 
 

Tubes may be seal welded provided the ends of the tubes have sufficient wall thickness 
to prevent burn-through. Seal welding shall be applied in strict accordance with the 
original code of construction for the requirements of the tube projection, welding, and tube 
expanding. Seal welding shall not be considered a strength weld. 
 
In watertube boilers, tubes may be seal welded on the inside or outside of the tubesheet.  

 

 
 
 
 

Figure 6. Typical examples of seal welding tubes 
 

Seal welding of riveted joints requires the approval of the relevant local regulatory body. 
Seal welding shall not be considered a strength weld. Prior to welding, the area should be 
examined by an appropriate method of NDE to ensure that there are no cracks radiating 
from the rivet holes. If necessary, the rivets should be removed to ensure complete 
examination of the area. Seal welding should not be performed if cracks are present in 
riveted areas 
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Figure 7. Seal welding of riveted joints 

 
 
5.3.4.5  Re-ending or piercing pipes or tubes 
 
Re-ending or piercing pipes or tubes is permitted, provided the thickness of the remaining 
pipe or tube is not less than the minimum thickness required by the original code of 
construction, see Figure 8. 
 
 

 

Figure 8. Re-ending or piecing of pipes or tubes 
 
 

5.3.4.6  Patches 
 

a) Flush patches 
 

i) The weld around a flush patch shall be a full penetration weld and the accessible 
surfaces shall be ground flush where required by the applicable original code of 
construction. Examples of flush welded patches are shown in Figure 9. The welds 
shall be subjected to the nondestructive examination method used in the original code 
of construction or an alternative acceptable to the Inspector. 
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ii)  Before installing a flush patch, the defective material should be removed until sound 

material is reached. The patch should be rolled to the proper shape or curvature. 
The edges should align without overlap. In stayed areas, the weld seams should 
come between staybolt rows or riveted seams. Patches shall be made from a 
material whose composition and thickness meet the intended service. Patches may 
be any shape or size. If the patch is rectangular, an adequate radius should be 
provided at the corners. Square corners should be avoided. The completed welds 
shall meet the requirements of the original code of construction. 

 
b) Tube patches 

 
In some situations it is necessary to weld a flush patch on a tube, such as when 
replacing tube sections and accessibility around the complete circumference of the tube 
is restricted, or when it is necessary to repair a small bulge. This is referred to as a 
window patch. Suggested methods for window patches are shown in Figure 10. 
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It may be necessary to weld a flush patch on a tube since, in some situations, accessibility 
around the complete circumference of the tube is restricted. Listed below are the suggested 
methods for making window patches: 
 
a) The patch should be made from tube material of the same type, diameter and thickness 

as the one being repaired. 
 

b) Fit-up of the patch is important to weld integrity. The root opening should be uniform 
around the patch. 

 
c) The gas tungsten-arc welding process should be used for the initial pass on the inside of 

the tube and for the initial pass joining the patch to the tube. 
 

d) The balance of the weld may be completed by any appropriate welding process 
 

 
 

Figure 9. Flush patches 
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Figure 10. Tube Window Patching Method 
 
 

5.3.4.7   Stays 
 
Threaded stays may be replaced by welded-in stays provided that, in the judgement of the 
Inspector, the material adjacent to the staybolt has not been materially weakened by 
deterioration or wasting away. Requirements of the original code of construction governing 
welded-in stays shall be met. 
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5.4  Alterations 
 
5.4.1  Re-rating 
 
Re-rating of a pressure-retaining item by increasing the maximum allowable working 
pressure (internal or external) or temperature or decreasing the minimum design metal 
temperature below which notch toughness testing is required by the original code of 
construction, shall be done only after the following requirements have been met to the 
satisfaction of the relevant local regulatory body at the location of the installation: 
 
a) Revised calculations verifying the new service conditions shall be prepared in 

accordance with the authorised repairer’s Quality Control System. Establishing a higher 
joint efficiency to re-rate a pressure-retaining item is not permitted; 

 
b) All re-ratings shall be established in accordance with the requirements of the 

construction standard to which the pressure-retaining item was built; 
 
c) Current inspection records verify that the pressure-retaining item is satisfactory for the 

proposed service conditions; 
 
d) The pressure-retaining item has been pressure tested, as required, for the new service 

conditions. Any insulation, coatings, or coverings that may inhibit or compromise a 
meaningful pressure test shall be removed, to the extent identified by the Inspector; and 

 
e) In lieu of pressure testing, alternative methods can be used to ensure the structural 

integrity of the re-rated pressure-retaining item. The alternative methods shall be 
documented and subject to review and approval by the relevant local regulatory body. 
 

5.4.2  Examples of alterations 
 
a) an increase in the maximum allowable working pressure (internal or external) or 

temperature of a pressure-retaining item regardless of whether or not a physical change 
was made to the pressure-retaining item; 

 
b) a decrease in the minimum temperature; 
 

c) the addition of new nozzles or openings in a boiler or pressure vessel except those 
classified as repairs; 

 
d) a change in the dimensions or contour of a pressure-retaining item; 
 

e) in a boiler, an increase in the heating surface or steaming capacity as described on the 
original Manufacturer’s Data Report; 

 
f) the addition of a pressurised jacket to a pressure vessel; 
 

g) except as permitted in clause 5.3.3 s);  
 

h) replacement of a pressure-retaining part in a pressure-retaining item with a material of 
different allowable stress or nominal composition from that used in the original design;  

 
i) the addition of a bracket  or an increase in loading on an existing bracket that affects the 

design of the pressure-retaining item to which it is attached; and 
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j) the replacement of a Pressure Relieving Device (PRD) as a result of work completed on a 
Pressure-Retaining Item (PRI) that changes the resultant capacity to exceed the Minimum 
Required Relieving Capacity (MRRC) required by the original code of construction as 
described on the original Manufacturer’s Data Report. 

 
 

6  Examination and testing 
 
6.1  General 
 
This clause provides requirements and guidelines for performing examinations and tests for 
repairs and alterations to pressure-retaining items. 
 
6.2  Nondestructive examination 
 
a) The nondestructive examination (NDE) requirements, including technique, extent of 

coverage, procedures, personnel qualification, and acceptance criteria, shall be in 
accordance with the original code of construction for the pressure-retaining item. Weld 
repairs and alterations shall be subjected to the same nondestructive examination 
requirements as the original welds. Where this is not possible or practicable, alternative 
NDE methods acceptable to the Inspector and the relevant local regulatory body where 
the pressure-retaining item is installed, where required, may be used. 

 
b) NDE personnel shall be qualified and certified in accordance with the requirements of the 

original code of construction. 
 
6.3  Pressure gages, measurement, examination and test equipment 
 
The calibration of pressure gages, measurement, examination and test equipment, and 
documentation of calibration shall be performed as required by the applicable standard used 
for construction. 
 
6.4  Examination and test for repairs and alterations 
 
The following requirements shall apply to all repairs and alterations to pressure-retaining 
items: 
 
a) the integrity of repairs, alterations, and replacement parts used in repairs and alterations 

shall be verified by examination or test; 
 
b) testing methods used shall be suitable for providing meaningful results to verify the 

integrity of the repair or alteration. Any insulation, coatings, or coverings that may inhibit 
or compromise a meaningful test method shall be removed, to the extent identified by the 
Inspector; 

 
c) the authorised repairer is responsible for all activities relating to examination and test of 

repairs and alterations; and 
 
d) examinations and tests to be used shall be subject to acceptance of the Inspector and, 

where required, acceptance of the relevant local regulatory body. 
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6.4.1  Test or examination methods applicable to repairs 
 
Based on the nature and scope of the repair activity, one or a combination of the following 
examination and test methods shall be applied to repairs and replacement parts used in 
repairs. 
 
a) Liquid pressure test 
 

Pressure testing of repairs shall meet the following requirements: 
 

i) Pressure tests shall be conducted using water or other liquid medium. The test 
pressure shall be the minimum required to verify the leak tightness integrity of the 
repair, but not more than 150 % of the maximum allowable working pressure (MAWP) 
stamped on the pressure-retaining items, as adjusted for temperature. When original 
test pressure included consideration of corrosion allowance, the test pressure may be 
further adjusted based on the remaining corrosion allowance; 

 
ii) During a pressure test where the test pressure will exceed 90 % of the set pressure of 

the pressure relief device, the device shall be removed whenever possible. If not 
possible, a spindle restraint may be used following the valve manufacturer's 
instructions and recommendations. Extreme caution should be employed to ensure 
only enough force is applied to contain pressure. Excessive mechanical force applied 
to the spindle restraint may result in damage to the seat and/or spindle and may 
interfere with the proper operation of the valve. The spindle restraint shall be removed 
following the test; 

 
The organisation who performs the pressure test and applies a spindle restraint shall 
attach a metal tag that identifies the organisation and date the work was performed to 
the pressure relieving device. If the seal was broken, the organisation shall reseal the 
adjustment housing with a seal that identifies the responsible organisation. The 
process shall be acceptable to the relevant local regulatory body where the pressure-
retaining items are installed. 

 
iii) The metal temperature for the pressure test shall be in accordance with the original 

code of construction, but not less than 16 °C unless the owner provides information 
on the toughness characteristics of the material to indicate the acceptability of a lower 
test temperature. For thick walled pressure retaining items, it is recommended to 
seek technical guidance in establishing the notch toughness characteristics of the 
steel prior to pressure testing so that the metal temperature may be warmed above 16 
°C to avoid brittle fracture. During close examination the metal temperature shall not 
exceed 49 °C, unless the owner specified requirements for a higher test temperature, 
and it is acceptable to the Inspector; and 

 
iv) Hold-time for the pressure test shall be a minimum of 20 minutes prior to examination 

by the Inspector. Where the test pressure exceeds the MAWP of the item, the test 
pressure shall be reduced to the MAWP for close examination by the Inspector. Hold-
time for close examination shall be as necessary for the Inspector to conduct the 
examination. 

 
b) Initial service leak test 
 

When an initial service leak test is permitted by the original code of construction, such 
testing may also be used to verify the leak tightness integrity of repairs. 
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c) Vacuum test 
 

A vacuum test may be conducted. Vacuum test methods used shall be suitable to verify 
the leak tightness integrity of the repair. 

 
d) Nondestructive examination (NDE) 
 

NDE may be conducted. NDE methods used shall be suitable for providing meaningful 
results to verify the integrity of the repair. Exclusive use of Visual Examination (VT) is only 
permitted with the following considerations: 

 
i)  When a pressure test or alternative NDE methods other than Visual Examination (VT) 

are not practicable, the exclusive use of direct VT as an NDE method shall be limited 
to routine repairs, as identified in clause 5.3.2. 

 
ii) For each repair being considered, the exclusive use of direct VT as an NDE method 

shall be acceptable to the Inspector, and where required, the relevant local regulatory 
body. 

 
iii) As a minimum, direct VT shall be performed after the root weld layer or first-pass is 

deposited, and the final weld surface. Other weld layers shall be examined as 
identified by the Inspector and, where required, the relevant local regulatory body. 

 
iv) Personnel completing direct VT shall be qualified and certified in accordance with 

clause 6.2 b), AWS QC-1, or any nationally recognised standard acceptable to the 
relevant local regulatory body. Visual acuity shall be demonstrated using a minimum, 
standard J-2 letters on standard Jaeger test type charts for near vision. 

 
v) Direct VT shall be performed in accordance with a written procedure meeting the 

procedure and reporting requirements listed in the original code of construction or 
Section V (Article 9) of ASME Boiler and Pressure Vessel Code.  

 
6.4.2  Test or examination methods applicable to alterations 
 
Based on the nature and scope of the alterations activity, one or a combination of the 
following examination and test methods shall be applied to alterations and replacement parts 
used in alterations. 
 
a) Liquid pressure test 

 
Pressure testing of alterations shall meet the following requirements: 
 
i)  A pressure test as required by the original code of construction shall be conducted. 

The test pressure shall not exceed 150 % of the maximum allowable working 
pressure (MAWP) stamped on the pressure-retaining item, as adjusted for 
temperature. When the original test pressure included consideration of corrosion 
allowance, the test pressure may be further adjusted based on the remaining 
corrosion allowance. The pressure test for replacement parts may be performed at 
the point of manufacture or point of installation. 
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ii) As an alternative to pressure testing connecting welds in accordance with the original 

code of construction, connecting welds may be tested or examined in accordance 
with the rules for repairs (see 6.4.1). Connecting welds are defined as welds attaching 
the replacement part to the pressure-retaining item. 

 
iii) During a pressure test where the test pressure will exceed 90 % of the set pressure of 

the pressure relief device, the device shall be removed whenever possible. If not 
possible, a spindle restraint may be used following the valve manufacturer's 
instructions and recommendations. Extreme caution should be employed to ensure 
only enough force is applied to contain pressure. Excessive mechanical force applied 
to the spindle restraint may result in damage to the seat and/or spindle and may 
interfere with the proper operation of the valve. The spindle restraint shall be removed 
following the test. 

 
The organisation that performs the pressure test and applies a spindle restraint shall 
attach a metal tag that identifies the organisation and date the work was performed to 
the pressure relieving device. If the seal was broken, the organisation shall reseal the 
adjustment housing with a seal that identifies the responsible organisation. The 
process shall be acceptable to the relevant local regulatory body where the pressure-
retaining items are installed. 

 
iv) The metal temperature for the pressure test shall be in accordance with the original 

code of construction, but not less than 16 °C, unless the owner provides information 
on the toughness characteristics of the material to indicate the acceptability of a lower 
test temperature. For thick walled pressure-retaining items, it is recommended to 
seek technical guidance in establishing the notch toughness characteristics of the 
steel prior to pressure testing so that the metal temperature may be warmed above 16 
°C to avoid brittle fracture. During close examination the metal temperature shall not 
exceed 49 °C, unless the owner specifies requirements for a higher test temperature 
and it is acceptable to the Inspector.  
 

v) Hold-time for the pressure test shall be a minimum of 20 minutes prior to examination 
by the Inspector. The test pressure shall be reduced to the MAWP for close 
examination by the Inspector. 

 
1) Hold-time for close examination shall be as necessary for the Inspector to 

conduct the examination. 
 
2) Nondestructive examination 

 
NDE may be conducted when contamination of the pressure-retaining item by 
liquids is possible or when pressure testing is not practicable. Concurrence of the 
owner shall be obtained in addition to the Inspector, and where required, the 
relevant local regulatory body. Exclusive use of Visual Examination (VT) shall not 
be permitted. In all cases NDE methods or combination of methods used shall be 
suitable for providing meaningful results to verify the integrity of the alteration. 

 
6.5  Pressure relief valve performance testing and testing equipment 
 
Each pressure relief valve shall be subjected to the following tests by the repair certificate 
holder. 
 
 
 
 
 
 
6.5.1  Test medium and testing equipment 
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Valves marked for steam service, or having special internal parts for steam service, shall be 
tested on steam. Valves marked for air, gas, or vapour service shall be tested with air or gas. 
Valves marked for liquid service shall be tested with water or other suitable liquid. Section IV 
of ASME Boiler and Pressure Vessel Code hot-water valves shall be tested on water, steam 
or air. 
 
a) Each valve shall be tested to demonstrate the following: 
 

i)  set pressure (as defined by the valve manufacturer); 
 
ii) response to blowdown, when required by the original code of construction; 
 
iii) seat tightness; and 
 
iv) for valves designed to discharge to a closed system, the tightness of the secondary 

pressure zone shall be tested as required by the original code of construction. 
 
b) The equipment used for the performance testing prescribed by clause 6.5.1 shall meet 

the following requirements: 
 

i) The performance testing equipment shall include a pressure vessel of adequate 
volume and pressure source capacity to ensure compliance with clause 6.5.1 a) i). 
 

ii) Prior to use, all performance testing equipment shall be qualified by the certificate 
holder to ensure that the equipment and testing procedures will provide accurate 
results when used within the ranges established for that equipment, This qualification 
may be accomplished by benchmark testing, comparisons to equipment used for 
verification testing as specified in the quality system, or comparisons to field 
performance. This qualification shall be documented and provisions made to retain 
such documentation for a period of at least five years after the testing equipment is 
retired. Documentation of this qualification shall include but not be limited to: 
 
1) schematic of the performance test equipment; 
 
2) size and pressure ranges of valves to be tested and the test fluid to be used; 
 
3) dimensions of test vessels; 
 
4) accuracy of pressure measuring equipment; 
 
5) size and design type of valves use to control flow; and 
 
6) method of qualifying. 
 

iii) Prior to the implementation of any addition or modification to the testing equipment that 
would alter the contents of the document required in 6.5.1 b) ii), the certificate holder 
shall re-qualify the performance test equipment in accordance with 6.5.1 b) ii).  

 
 
 
 
 
 
 
 
 

6.5.2  Owner-user ASME Code Section VIII Steam Testing 
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When Section VIII of ASME Boiler and Pressure Vessel Code valves are repaired by the 
owner for the owner’s own use, valves for steam service may be tested on air for set 
pressure and, if possible, blowdown adjustment, provided the valve manufacturer’s 
corrections for differential in set pressure between steam and air are applied to the set 
pressure. 
 

6.5.3  Lift assist testing 
 
a) A device may be used to apply an auxiliary lifting load on the spring of a repaired valve to 

establish the set pressure in lieu of the tests required in 6.5.1 a) i) when such testing at 
full pressure: 

 
i)  may cause damage to the valve being tested; or 
 

ii)  is impractical when system design considerations preclude testing at full pressure. 
 
b) While actual valve blowdown and valve performance characteristics cannot be verified, 

valve set pressure may be determined to an acceptable degree of accuracy using this 
testing technique provided, as a minimum, that: 

 
i) equipment utilised is calibrated as required in the quality system; 
 

ii) the device and test procedures that have proved to give accurate results are used 
and followed; 
 

iii) static inlet pressure is applied with the test medium specified in 6.5.1; and 
 

iv) adjustments are made in accordance with the valve manufacturer's recommendations 
to ensure proper lift and blowdown. 

 
6.5.4  Pressure test of parts 
 
a) Parts used in repaired valves shall be pressure tested and documented by the owner.  
 
b) Parts repaired by re-machining within part specifications, lapping, or polishing do not 

require a pressure test. 
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