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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committee ME-001, Pressure Equipment, to supersede AS 1228—2006. After consultation
with stakeholders in both countries, Standards Australia and Standards New Zealand
decided to develop this Standard as an Australian, rather than an Australian/New Zealand
Standard.

The objective of this revision is to bring the Standard into line with the developments
taking place worldwide.

Table 2.1, Materials, includes references to EN material standards. The design strength
values for these materials may be derived from the appropriate EN material properties, in
conjunction with the principles as set out in Appendix D of this Standard. A number of
British (BS) material standards have been withdrawn in favour of the EN standards;
however, reference to the BS standards has been retained in Table 2.1 and Table 2.2.1 at
this time, in recognition that material stocks may still be available.

The design strength values in Table 2.2.1 have generally been revised and updated to fall in
line with the latest editions of the AS (e.g. AS 1548), BS and ASME material specifications
and standards, which were available at the time of this Standard being published.
Time-dependent design strength values in the table have been italicized, to assist in
determining the calculation pressure for components designed in this range.

Users of this Standard are reminded that it has no legal authority in its own right, but may
acquire legal standing in one or more of the following circumstances:

(a) Adoption by a government or other authority having jurisdiction.

(b) Adoption by a purchaser as the required standard of construction when placing a
contract.

(c) Adoption where a manufacturer states that a boiler is in accordance with this
Standard.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is only for information and guidance.

Statements expressed in mandatory terms in notes to figures and tables are deemed to be
requirements of this Standard.
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STANDARDS AUSTRALIA

Australian Standard
Pressure equipment—Boilers

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard sets out requirements for materials, design, manufacture, inspection and
testing of boilers as defined in AS/NZS 1200.

NOTE: The Scope of this Standard covers requirements for cast iron in addition to welded boilers
inclusive of vapour-generating and hot fluid units subject to internal vapour or liquid pressure.
Other forms of design and manufacture should be by agreement between the parties concerned.

It also applies to all pressure parts containing fluid up to and including the valves
separating the pressure parts from—

(a) steam piping to and from other equipment;
(b)  water piping to and from other equipment;
(c) drain piping;

(d) the surrounding atmosphere, except that for safety valves, their vent piping to the
atmosphere is also covered; and

(e) for equipment such as reheaters which may not incorporate valves at their supply and
return connection points, the Standard applies to the equipment included between the
inlet to the inlet header and the outlet from the outlet header of such equipment
(see Appendix B).

This Standard also provides guidance on locomotive and other heritage boilers, and on the
design of blowdown vessels.

Requirements for boiler safety, water and firing management systems are specified in
AS 2593.

1.2 REFERENCED DOCUMENTS

A list with titles of the documents referred to in this Standard is given in Appendix A.

1.3 DEFINITIONS

For the purposes of this Standard the definitions given in AS 4942 and those given in this
Clause apply. For calculations, AS ISO 1000, the international system of units, has been
applied.

1.3.1 Actual thickness

The actual thickness of the material used in the pressure part, which may be taken as the
nominal thickness minus any applicable manufacturing tolerances.

1.3.2 Calculation pressure

Except as specified in Item (b) below, the calculation pressure for all pressure parts is as
given in Item (a):

(a) The design pressure increased, where applicable, to take into account the pressure
differential and hydrostatic head corresponding to the most severe conditions of
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(b) For boiler pressure components where the design strength is derived from time-
dependent values Sg (see Clauses 2.2.2 and 2.2.3), the calculation pressure is the
lowest set pressure of any superheater or reheater safety valve mounted on the steam
outlet, increased to take account of the pressure drop corresponding to the most
severe conditions of operation.

1.3.3 Design lifetime

The lifetime specified by agreement between the manufacturer and the purchaser for each
boiler component operating in the creep (high temperature) range and used in determining
material design strength; it is expressed in hours service at specified conditions.

NOTE: The design lifetime relates only to the creep performance of the relevant component and
is not necessarily related to the life of the boiler.

1.3.4 Design pressure
The maximum allowable operating pressure for—
(a) natural or assisted circulation boilers, at the top of the steam or water drum;

(b) once-through forced circulation boilers, at the final superheater outlet, except where
an intervening shut-off valve is fitted; and

(c) steam reheaters, independently fired superheaters, and economizer separated from the
boiler by a shut-off valve, at the final outlet of the particular equipment.

1.3.5 Design strength
The maximum allowable stress for use in the formulas for calculation of pressure parts.
1.3.6 Design temperature

The metal temperature at the coincidental calculation pressure used to select the design
strength and to determine the dimensions of the boiler component under consideration.

NOTE: Consideration should be given to operating conditions which could result in a higher
metal temperature occurring at a lower operating pressure. The selected components should be
verified for their integrity at such conditions, calculated on the basis of the most adverse pressure
and temperature conditions.

1.3.7 Drum

A cylindrical pressure part having a diameter sufficiently large to admit personnel by
design intent, for which purpose an access opening or branch is provided.

NOTE: A drum may have the function of a header, or additionally or alternatively other
functions, such as to separate steam from water or to act as a reservoir for boiler water.

1.3.8 Economizer

A heat exchanger designed to use the products of combustion to heat boiler feedwater and is
normally located between the boiler feedwater pumps and the boiler.

1.3.9 Electrode boiler

A boiler in which the water or other liquid is heated by the passage of an alternating current
through the liquid.

1.3.10 Element boiler
A boiler in which the water or other liquid is heated by an electrical element.
1.3.11 Fire-tube boiler

A boiler in which the fluid to be heated is contained in a vessel which may be directly
heated and/or contain tubes in which combustion takes place or through which products of
combustion flow. Typical examples of fire-tube boilers are shown in Figures 1.3(A)

1.3(E).
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1.3.12 Forced or assisted circulation boiler

A boiler in which mechanical pumping is used either entirely or partly to promote the
circulation of fluid.

1.3.13 Header

A pressure part whose principal purpose is to collect fluid from, or distribute fluid to, arrays
of tubes directly connected to it.

1.3.14 Heat recovery steam generator (HRSG)

A boiler that has as its principal source of thermal energy a hot gas stream having high-
ramp rates and temperatures such as the exhaust of a gas turbine. It may include
supplementary firing.

1.3.15 Heritage boiler

A Dboiler manufactured before 1952 and is used for a historical purpose or activity,
including an activity that is ancillary to a historical activity.

1.3.16 Integral piping

A tubular pressure part that is not a tube, drum or header.
NOTES:

1 The term ‘piping’ implies that there is no design intent to effect heat transfer through the wall
of the pressure part.

2 The term ‘integral’ implies that the pressure part is connected directly to other pressure parts
without any intervening valve.

3 The term ‘integral piping’, subject to Note 2, includes those parts of piping that carry a flow
of steam or water during normal operation, those that carry intermittent flow, e.g. drain
piping, and those in which no flow occurs, e.g. instrument piping. The principal integral
piping covered by this Standard is shown diagrammatically in Appendix B.

4 The terms ‘piping’ and ‘tube’ are used freely in Australian Standards for materials, and
certain Standards state that they are synonymous. The use of ‘piping’ or ‘tube’ in any
Standard for material does not pre-empt the definitions given in Clauses 1.3.16 and 1.3.23,
and likewise material defined as piping or tube may be used for any duty defined, if
appropriate. The selective reference to Australian Standard materials, British Standard
materials and ASTM Standard materials in this Standard is intended for guidance based on
general usage of those Standards.

1.3.17 Miniature boilers
A steam boiler with maximum size and pressure limited (see Clause 7.3).
1.3.18 Miscellaneous boilers

Boilers which are not classified as fire-tube or water-tube boilers.

NOTE: Some types of fire-tube and miscellaneous boilers have an obvious shell and are also
referred to commercially as ‘shell boilers’.

1.3.19 Natural circulation boiler

A water-tube boiler in which fluid circulation is a result of the thermo-siphonic head
produced by heating.

1.3.20 Nominal thickness

The nominal thickness of material selected as commercially available and to which
specified manufacturing tolerances are applicable.

1.3.21 Once-through boiler

One in which the feed pump is used to force the flow of water and steam through the tubes,
and where there is no fixed position of the final evaporation point.
P P P Documents
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1.3.22 Organic fluid heater and vaporizer

A boiler in which an organic fluid is vaporized or heated above its atmospheric boiling
point. It excludes pressure equipment, such as fired heaters and heat exchangers, which are
covered by other Standards.

1.3.23 Tube

A tubular pressure part that is either exposed over much of its length to hot gases for
purposes of heat transfer, or is directly butt welded to such a tubular pressure part.

NOTE: This definition also includes a stub on a drum or header.
1.3.24 Water-tube boiler

A boiler in which the heat transfer takes place through the wall of tubes inside which the
fluid to be heated flows or circulates.

Front tube Tube plate

plate
Reversal chamber

Reversal chamber
rear plate

)\

\ / Rear tube plate

Furnace Reversal chamber
wrapper plate

NOTE: The radiant heating surface consists of the furnace, the wrapper plate and the reversal chamber rear plate.

FIGURE 1.3(A) WET BACK BOILER
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Rear tube
Front tube plate
plate
- Reversal
e / chamber
Furnace
NOTE: The radiant heating surface consists of the furnace.
FIGURE 1.3(B) DRY BACK BOILER
Front tube Tube plate

plate Rear tube plate
% Reversal chamber

N |
Furnace Reversal chamber
wrapper plate

NOTE: The radiant heating surface consists of the furnace and the wrapper plate.

FIGURE 1.3(C) SEMI-WET BACK BOILER
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Shell

Front tube

plate | L
\ Rear tube
/ plate

Furnace

NOTE: The radiant heating surface consists of the furnace.

FIGURE 1.3(D) REVERSE FIRED BOILER
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Manhole
Uptake — |
\\.
Firebox
top plate
Hand holes

Firebox
Fire hole
Ogee ring \

|

|

NOTE: The radiant heating surface consists of the firebox and crosstubes.
FIGURE 1.3(E) VERTICAL BOILER
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1.4 DESIGNATION
The following designation shall be used to identify boilers built to this Standard:

AS 1228-A
where
AS 1228 = number of this Standard
A = the identity of the class of boiler as set out in Table 1.4

NOTE: See Clause 7.3.2 for the designation of miniature boilers.

TABLE 1.4
CLASSIFICATION OF BOILERS

Requirement Class 3 Class 2 Class 1
Design pressure (kPa) <250 fire-tube and |<750 fire-tube and >750 fire-tube,
miscellaneous miscellaneous boilers miscellaneous and
boilers all water-tube
boilers
P (kPa) X internal diameter (mm) x 107> | <300 <900 Exceeding class 2
requirements
Welding efficiency 7 0.65 (a) 0.85 radiography 1.0
(b) 0.75 no radiography
Post weld heat treatment AS 4458
Mechanical tests production Not required AS/NZS 3992
Non-destructive testing AS 4037
Hydrostatic tests AS 4037

1.5 VALVES, GAUGES, FITTINGS AND BOILER INSTALLATION

Any boiler covered by this Standard shall be complete with all necessary valves, gauges and
fittings. All such valves, gauges and fittings shall be in accordance with AS 2593 and
AS 1271, and shall enable each boiler to be shut off from all piping connecting with other
equipment, such as water supply, steam, and drain piping.

The boiler installation shall be in accordance with AS 3892.

1.6 RATING
The rating of any boiler shall be defined in terms of the designed maximum energy output

in watts.

The rating of an electrode boiler shall be taken as the manufacturer’s kilowatt rating at the
voltage and conductivity for which the boiler was designed and at which the boiler is
intended to operate.

1.7 INFORMATION TO BE SUPPLIED BY THE PURCHASER

NOTE: The purchaser should supply the manufacturer with the information set out in

Appendix C.
Documents
© Standards Australia WWw.s aﬂﬁé‘rﬁ‘s‘%‘r‘@%ﬁa”r‘g Hub

Full document details: AS 1228-2016


http://avadocuments2026.com/doc/as-1228-2016
http://avadocuments2026.com/doc/as-1228-2016

13 AS 1228:2016

SECTION 2 MATERIALS AND DESIGN
STRENGTHS

2.1 MATERIALS
2.1.1 General

The materials used in the construction of pressure parts of boilers shall comply with the
appropriate specifications or requirements listed in Table 2.1 or Clauses 2.1.5, 2.1.6
and 2.1.7 and shall be identified in accordance with Clause 2.1.2.

2.1.2 Material identification

Material identification shall comply with AS 4458.
2.1.3 Welding materials

Welding materials shall comply with AS/NZS 3992.
2.1.4 Prohibition of use of certain materials

Cast iron and copper bearing non-ferrous alloys shall not be used in the construction of
pressure parts, except for valves and fittings within the limits specified in AS 2593 and
Section 7 of this Standard.

2.1.5 Alternative material specifications

Subject to agreement between the purchaser and the manufacturer, materials other than
those listed in Table 2.1 may be used provided that such materials meet the full
requirements of the relevant Australian, British, European or ASTM (as appropriated by
ASME) Standard, in regard to relevant material properties. (See Clause 2.2.1 for the
determination of design strength.)

2.1.6 Use of structural or similar quality steels

Structural or similar quality steel plates, sheets, tubes, bars and sections not listed in
Table 2.1 may be used for pressure parts of boilers, provided that the following conditions
are fulfilled:

(a)  The specified minimum tensile strength of the steel is not greater than 460 MPa.

(b) The ladle analysis does not exceed the following:

(OF: 14 7o) s UUTT TR 0.25%
PROSPROTUS .ottt et e e 0.040%.
U UL e e 0.040%.
Carbon + w ....................................................................................... 0.45%.

(c) Test certificates (or equivalent) identifying the steel to a national Standard are
provided and the steel is suitably marked or labelled.

(d) The steel is not greater than—
(i) 40 mm thick for plates;
(ii)) 60 mm diameter for round bars; or

(iii) 16 mm thick for tubes, sections and machined sockets and bosses.
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(e) The design strength for calculation purposes is determined in accordance with
Appendix D, for material without specified elevated temperature values, and
multiplied by a factor of 0.92.

(f)  The design temperature is not greater than 250°C.

(g) The pressure part is not used for applications with high risk of lamellar tearing or
hydrogen blistering.

(h)  All weld preparations and openings in plates, and all ends of tubes, bars and sections
are visually examined and any evidence of lamination may render the material
unacceptable.

(i) Welded tubes comply with a specification which requires hydrostatic testing of the
tube.

(G)  Sections, which have been manufactured by a cold-forming process, are unacceptable.
2.1.7 Specifically tested materials

The use of steel outside the limits of Clause 2.1.5, or other materials, is permitted for
pressure parts of boilers provided that—

(a) the material is shown by special tests to be equally suitable for the particular
application as a similar material listed in Table 2.1; and

(b) approval is given by the parties concerned.

These special tests may include chemical analysis, mechanical tests or non-destructive
examination.

2.2 MAXIMUM DESIGN STRENGTH
2.2.1 General

The material design strength (f) (see Table 2.2.1) used in all equations for the calculation of
pressure parts shall be in accordance with Table 2.2.1 for the relevant grade of material,
design temperature, and, where applicable, the specified design lifetime.
NOTE: Where the materials used have properties proved by a test to be higher than those given in
the relevant material specification, the use of those higher properties to determine the design
strength of value f, at the design temperature by reference to Appendix D may be permitted
subject to agreement between the manufacturer and the parties concerned.

Where a material is not listed in Table 2.2.1, its design strengths shall be determined in
accordance with Appendix D or for ASTM materials (as appropriated by ASME), in
accordance with ASME BPV-1.

In addition, the requirements of Clauses 2.2.2 to 2.2.6 shall apply as appropriate.
2.2.2 Carbon and carbon-manganese steels

The design strengths for carbon and carbon-manganese steels specified in Table 2.2.1 are
intended for general use with the steels listed (see Notes).

NOTES:

1  Where carbon or carbon-manganese material is heat treated as part of an assembled
component, acceptance tests are not generally required as any reduction in properties due to
postweld heat treatment is compensated by the overall benefit obtained by stress relief of the
component. This Note is not applicable to TMCP material, refer to steel manufacturer for
steel properties after heat treatment.

2 Where acceptance tests on materials heat treated as part of an assembled component subject
to standard or non-standard heat treatments are required by the purchaser, such tests are to be
specified in a supplementary specification, together with agreed acceptance criteria.
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In designs where deformation is critical, testing of material after heat treatment is
recommended, or the manufacturer shall ensure by carrying out appropriate procedural
tests, that the specified minimum mechanical properties are retained.

TABLE 2.1
MATERIALS
Material type Material form Reference Standard Grades
C, C-Mn Plate AS 1548 PT,5and 7
AS/NZS 3678 250, 300 and 350 (See Note)
BS 1501: Part 1 151, 161, 164, 223, 224
ASTM A515 60, 65, 70
ASTM A516 60, 65, 70
EN 10028-2 P235GH, P265GH, P295GH, P355GH
EN 10028-3 P275N, P355N, P275NH, P355NH, P460NH
Section and bars | AS/NZS 3679.1 250, 300 and 350 (See Note)
BS 1502 151, 161,211, 221, 224
EN 10273 P235GH, P250GH, P265GH, P295GH,
P355GH, P275NH, P355NH, P460NH,
P355QH, P460QH, P500QN, P690QH
Forgings BS 1503 221, 223,224
EN 10222-2 P245GH, P280GH, P305GH
EN 10222-4 P285NH, P355NH, P420NH,
P285QH, P355QH, P420QH
ASTM A105
Castings AS 2074 C7A-1, C7TA-2
BS 1504 161-430A,E, 480A,E, 540A
ASTM A216 WCA, WCB, WCC
Tubes BS 3059: Part 1 320
BS 3059: Part 2 360, 440
BS 3601 320, 360, 430
BS 3602: Parts 1 and 2 360, 410, 430, 460, 500 Nb
EN 10216-1 P195TR2, P235TR2, P265TR2
EN 10216-2 P195GH, P235GH, P265GH
EN 10216-3 P275NL1, P275NL2, P355NH, P460N
EN 10217-1 P195TR2, P235TR2, P265TR2
EN 10217-2 P195GH, P235GH, P265GH
EN 10217-3 P275NL1, P275NL2, P355NH, P460N
ASTM A53 B
ASTM A106 B
API 5L B
C-% Mo Plate BS 1501: Partl 240
EN 10028-2 16Mo3
Forgings BS 1503 245
EN 10222-2 16Mo3
Castings AS 2074 L5A-2
BS 1504 245E
ASTM A217 WCI
Tubes BS 3059: Part 2 243
EN 10216-2 16Mo3
EN 10217-2 16Mo3
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TABLE 2.1 (continued)

Material type Material form Reference Standard Grades
1% Ni Cu Mo Nb | Tubes BS 3604: Part 1 591
1 Cr-%2 Mo Plate BS 1501: Part 2 620
EN 10028-3 13CrMo4-5
Forgings EN 10222-1 620
Tubes BS 3604: Part 1 620-440
BS 3059: Part 2 620-460
EN 10216-2 13CrMo4-5
1Y Cr-%: Mo Plate BS 1501: Part 2 621
Forgings BS 1503 621
Castings AS 2074 L5B
BS 1504 621A
ASTM A217 WC6
Tubes BS 3604: Part 1 621-420
EN 10216-2 10CrMo5-5
Mn-Cr-Mo-V Plate BS 1501: Part 2 271, 281
Ni-Cr-Mo-V Forgings BS 1503 271
V2 Cr-%2 Mo-% V Forgings BS 1503 660
EN 10222-2 14MoV6-3
Castings AS 2074 L5H
BS 1504 660A
Tubes BS 3604 660—460
EN 10216-2 14MoV6-3
2% Cr-1 Mo Plate BS 1501: Part 2 622
EN 10028-2 10CrMo09-10, 11CrMo9-10
Forgings BS 1503 622
EN 10222-2 11CrMo09-10
Castings AS 2074 L5C
BS 1504 622E
ASTM A217 WwWC9
Tubes BS 3604: Part 1 622-490
BS 3059: Part 2 622-490
EN 10216-2 10CrMo9-10, 11CrMo9-10
5 Cr-%2 Mo Plate ASTM A387 5Cl1
Forgings BS 1503 625
EN 10222-2 X16CrMo5-1
ASTM A182 F5, FSa
ASTM A336 F5, F5A
Castings AS 2074 L5E
ASTM A217 C5
Tubes BS 3604: Part 1 625
EN 10216-2 X11CrMo5+1, X11CrMo5+NT1,
X11CrMo5+NT2
ASTM A213 T5
ASTM A335 P5, P5b, P5c
(continued)
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TABLE 2.1 (continued)

Material type Material form Reference Standard Grades
9 Cr-1 Mo Forgings ASTM A182 F9
Castings BS 1504 629A
ASTM A217 C12
Tubes BS 3604: Part 1 629-590
BS 3059: Part 2 629-590
EN 10216-2 X11CrMo9—1+1, X11CrMo9—1+NT
ASTM A213 T9
ASTM A335 P9
9 Cr Mo-V Nb-N  |Plate ASTM A387 91
Forgings BS 1503 91
ASTM A182 FI1
Tubes BS 3059: Part 2 91
BS 3604: Part 1 91
EN 10216-2 X10CrMoVNb9-1
ASTM A213 T91
ASTM A335 P91
12 Cr-1 Mo-V Forgings BS 1503 762-690
Tubes BS 3604: Part 1 762
BS 3059: Part 2 762
EN 10216-2 X20CrMoV11-1
18 Cr-10 Ni Plate BS 1501: Part 3 304S31, 304S11, 304S51
EN 10028-7 X5CrNil8-10, X2CrNil9-11, X6CrNil8-10
ASTM A240 304, 304H
Forgings BS 1503 304S11, 304S31, 304S51
EN 10222-5 X5CrNil8-10, X2CrNil8-9, X6CrNil8-10
ASTM A182 F304, F304H
Castings BS 1504 304C15A
ASTM A351 CF8
Tubes BS 3059: Part 2 304851
BS 3605: Parts 1 and 2 304S31, 304S11, 304S51
EN 10216-5 X5CrNil8-10,X2CrNil8-9,
X2CrNil9-11, X6CrNil8-10
EN 10217-7 X2CrNil8-9, X2CrNil9-11, X5CrNil18-10
ASTM A213 TP304, TP304H
ASTM A312 TP304, TP304H
18 Cr-12 Ni-2 Mo |Plate BS 1501: Part 3 316831, S33, 316S11, S13, 316S51, S53
EN 10028-7 X5CrNiMo17-12-2, X2CrNiMo17-12-2
ASTM A240 316, 316H
Forgings BS 1503 316831, S33, 316S11, S13, 316S51
EN 10222-5 X5CrNiMo17-12-2, X2CrNiMo17-12-2
ASTM A182 F316, F316H
Castings BS 1504 316C71
ASTM A351 CF8M
(continued)
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TABLE 2.1 (continued)

Material type

Material form

Reference Standard

Grades

Tubes BS 3059: Part 2 316S51, 316S52
BS 3605 316S31, 33, 316S11, 13, 316S51, 52
EN 10216-5 X2CrNiMo17-12-2,
X5CrNiMo17-12-2
X3CrNiMo17-13-3,
X6CrNiNb17-13-2
EN 10217-7 X2CrNiMo17-12-2,
X5CrNiMo17-12-2,
X2CrNiMo17-12-3,
X3CrNiMo17-13-3
ASTM A213 TP304, TP304H
ASTM A312 TP316, TP316H
18 Cr-10 Ni-Ti Plate BS 1501: Part 3 321831, 321851
EN 10028-7 X6CrNiTil8-10
ASTM A240 321, 321H
Forgings BS 1503 321831, 321851
EN 10222-5 X6CrNiTil18-10
ASTM A182 F321, F321H
Tubes BS 3059: Part 2 321851 (1010), 321S51(1105)
BS 3605: Parts 1 and 2 321851 (1010), 321S51 (1105)
EN 10216-5 X6CrNiTil18-10,
X7CrNiTil8-10
EN 10217-7 X6CrNiTil18-10
ASTM A213 TP321, TP321H
ASTM A312 TP321, TP321H
18 Cr-10 Ni-Nb Plate BS 1501: Part 3 347S31, 347S51
EN 10028-7 X6CrNiNb18-10, X8CrNiTil6-13
ASTM A240 347, 347H
Forgings BS 1503 347S31, 347S51
EN 10222-5 X6CrNiNb18-10, X7CrNiNb18-10
ASTM A182 F347, F347H
Castings BS 1504 347C17A
Tubes BS 3059: Part 2 347S51
BS 3605: Parts 1 and 2 347S31, 347S51
EN 10216-5 X6CrNiNb18-10,
X7CrNiNb18-10
EN 10217-7 X6CrNiNb18-10
ASTM A213 TP347, TP347H
ASTM A312 TP347, TP347H
15 Cr-10 Ni-6 Tubes BS 3059: Part 2 215815
Mo-Nb-V BS 3605: Parts 1 and 2 215815
NOTES:

1  AS/NZS 3678 and AS/NZS 3679.1 can be used for pressure parts subject to the thickness and temperature
limitations within Clause 2.1.6.

2 Some British Standards (BS) may have been superseded by EN standards and the associated material grades
may no longer be current. These materials have been retained in recognition that material stocks may still

be available.
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TABLE 2.2.1
DESIGN STRENGTH VALUES

l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 |520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
C, C-Mn  [Plate AS 1548 PT430 >3 <16 INDEF |159]|159|155|142|131 (121|113 {111|110{109]|108|107 [105{104|103 (102|102
>16 <40 159|157 |145(133|122|113|106{104 (103|102 (101|100[ 99 |98 | 97 |96 | 96
>40 <80 159]152|139(128|117|109|102{100(99 |98 [ 97 |96 [ 95|94 |93 |92 |92
>80 <150 159|141 (129(119(109|101{ 95|93 |92 |91 |90 |89 |88 (87 | 86 | 86 | 86
PT460 >3 <16 INDEF |170(170|157|144|133(123|115(113|112{111|110{109|108{107|106|105|104
>16 <40 170{166|152{139|128|119|111{109 (108|107 (106|105[104|103|102 (101|100
>40 <80 167|155|142(130|119|111|104{102(100| 99 [98 |97 [ 95|93 |93 |92 |91
>80 <150 161]149|137(125|115{107|100( 98 [ 97 |96 [ 95|94 [ 93 |92| 91 |90 |90
PT490 >8 <16 INDEF |181(181|181|170|157(145|136(134|132(130|129(128|126(125|124 (123|123
>16 <40 181|181 |175(161|148|137|129(127 (125|124 (122|121{120|119|118 (117|117
>40 <80 181|181 170156144 (133 [125(123|121 120|118 (117[116|115[114 113|113
>80 <150 181|179 165|151 (140|129 ({121 |119|117|116|115(115|114 (113|112 [111|111
7-460R, N, T All 23 INDEF 124(110|105 98 |86 |73 | 61|52 |45|38] 32
100 000 98 |96 |84 |71 |60 |52 (44| 37
150 000 98 | 89 | 75|63 | 54|46 (38| 30
200 000 98 | 82|69 |58 |49 |42 |34
250 000 93 |78 | 65| 55 |46 | 38
7-460RH, All 23 INDEF 132(117|112(105|101| 86 | 73 | 61 | 52 | 45 |38 32
NHLTH 100 000 104199 [ 84 | 71 |60 |52 |44 37
150 000 104189 | 75|63 | 54 | 46 [ 38| 30
200 000 98 |82 | 69 | 58 | 49 | 42 |34
250 000 93178 |65|55|46 |38
* end of this Table for Notes (continued)
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*

end of this Table for Notes

(continued)

TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
5-490N All 23 INDEF 150(138|130(7/710| 97 | 82 |69 |59 |49 |43 |36 31
100 000 123(112)1 95 | 80| 68 |57 |49 |42 35
150 000 117110185 |72 |60 |52 |44 37| 29
200 000
250 000
5-490NH, All 23 INDEF 160(147|139(110| 97 | 82 |69 |59 |49 | 43 |36 | 31
Al 100 000 127(112| 95|80 |68 |57 |49 |42 35
150 000 117110185 |72 |60 |52 |44 37| 29
200 000
250 000
7-490R, N, T All 23 INDEF 133(120|114(108|105| 91 | 78 | 67 | 57 | 49 (42| 37
100 000 107(105| 90 | 77 | 65 | 56 | 48| 42
150 000 10795 | 81 |68 |58 | 50 (43| 38
200 000 10488 | 75|63 | 54 | 46 (40| 34
250 000 98 | 83 |70 |59 | 51|43 (37|32
7-490RH, All 23 INDEF 141(128|121(115|105| 91 |78 | 67 | 57 | 49 (42| 37
N TH, Al 100 000 114]105( 90 | 77 | 65 | 56 | 48 | 42
150 000 111195 |81 |68 |58 |50 (43|38
200 000 10488 |75 | 63| 54 | 46 | 40| 34
250 000 98 | 83 |70 | 59 | 51|43 (37|32
ASTM A515 60 (415) All 21,22, 23 | INDEF |134|130|126(121|115(108| 88 |83 |78 |72 |67 | 62 | 55 |48 | 42 |37 |31 |24 |27 [20]| 16|13
65 (450) All 21,22,23 |INDEF |146(142|138|132(125(118| 95 |88 |82 |76 |69 |63 | 56 |48 | 42 |37 |31 |24 (27 |20 |16 |13
U 70 (485) All 21,22, 23 | INDEF |159|154|150 (144|136 (128 |101| 94 |87 | 80 | 73 | 67 | 60 |54 | 47 |40 |33 |28 |23 [ 19|16 |13
8 ASTM A516 60 (415) All 21,22, 23 | INDEF |134|130|126(121|114[108| 88 |83 |78 |72 |67 | 62 | 55 |48 | 42 |37 |31 |24 |27 [20]| 16|13
c 65 (450) All 21,22, 23 | INDEF |146|142|138[132|125(118| 95 | 88 |82 |76 |69 | 63 | 56 |48 | 42 |37 |31 |24 |27 |20 |16 |13
3 70 (485) All 21,22, 23 | INDEF |159|154|150(144|136(128|101| 94 |87 |80 | 73 | 67 | 60 |54 | 47 |40 |33 |28 |23 |19 |16 |13
%
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TABLE 2.2.1 (continued)

]?esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 (530|540 (550|560 (570 (580|590 |600 |610 (620 |630
AS/NZS 3678 250 All 10,11 |INDEF |125[112{106| 99 138129
300 All 10,11 | INDEF [146|139|126(116|109|105
350 All 10,11 |INDEF |153|153|145|134|125(118
400 All 10,11 |INDEF |164|164{164|150|138[129
BS 1501-1 151-430A, B| >3 <16 11 INDEF |128(128 128128107 [102| 94 | 85|76 | 68| 60 | 52 | 45|38 31
161-430A, B| >16 <40 7,11 100 000|121 (121|121 |121 99 | 98 |88 |79 |69 |60 |52 44| 36
>40 <63 150 000({119(119(119|119 99 | 93 |83 |74 |65 |56 |48 40| 32
>63 <100 200 000|115(115{115(115 99 [ 90 |80 | 716253453728
>100 <150 250 000|{110(110{110(110 97 |87 |78 |68 |59 |51 |42 |35]| 26
164-400A All 11 INDEF [111{111|111|111|{98 [91 |86 85|76 |68 |60 |52 |45|38]| 31
100 000 85184 79169 |60|52 (44| 36
150 000 93 |83 | 74|65 |56 |48 (40| 32
200 000 89 |80 | 71|62 |53|45(37]|28
250 000 87 |78 |68 |59 51|42 (35|26
164-400B All 11 INDEF [121(121|121|121|108(101|95 [ 85|76 |68 |60 |52 |45 |38 31
100 000 94 | 88|79 |69 |60 |52 (44| 36
150 000 93183746556 |48 |40 32
200 000 90 | 80 | 71|62 |53 |45 (37|28
250 000 87 |78 | 68 | 59 | 51|42 (35| 26
223-460A All 11 INDEF |143 (143|143 |143|130(124|115(105| 91 |78 | 67 | 57 | 49 |42 | 37
100 000 115(114]105(90 | 77 | 65 | 56 |48 | 42
150 000 115111195 |81 |68 |58 |50 (43| 39
U 200 000 115(104| 88 | 75| 63 | 54 | 46 |40 | 34
2 250 000 115098 |83 |70 59|51 (43|37 32
* E end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
223-460B All 11 INDEF |158|158 (158|158 (139|131 (124|110 91 |78 |67 |57 | 49 |42 37
100 000 124|1211105(90 | 77 | 65 | 56 |48 | 42
150 000 124111195 (81|68 |58 |50 (43| 38
200 000 121(104| 88 | 75|63 | 54 | 46 |40 | 34
250 000 115098 |83 |70 |59 |51 (43|37 32
223-490A All 11 INDEF |158 (158158158 (139|131 |719(105| 91 |78 |67 |57 |49 |42 37
100 000 1241211105190 |77 |65 |56 |48 | 42
150 000 124111195 (81|68 |68 |50 |43 38
200 000 121(104| 88 | 75|63 |63 |46 |40 | 34
250 000 115098 |83 |70 |59 |59 (43|37 32
223-490B All 11 INDEF |168(168 (168|168 (147|137 |119(105| 91 |78 |67 |57 | 49 |42 | 37
100 000 132|121(105(90 |77 | 65| 56 |48 | 42
150 000 12811195 |81 |68 |58 |50 (43|38
200 000 121110488 | 75 | 63 | 54 | 46 |40 | 34
250 000 115098 (83|70 |59 |51 (43|37 32
224-430A All 11 INDEF |121(121[121|121(108|101|95 (94 |89 |78 |67 |57 | 49 |42 | 37
100 000 93 190 |77 |65|56 48| 42
150 000 93 | 81 | 68|58 |50 |43 38
200 000 88| 75|63 |54 |46 40| 34
250 000 83|70 |59 |51[43|37] 32
224-430B All 11 INDEF |132(132[132|132(117|111|105({104| 89 |78 | 67 | 57 | 49 |42 | 37
oA 100 000 104 (10390 [ 77 | 65 | 56 | 48| 42
OU U 150 000 104| 95 | 81|68 |58 |50 (43| 38
2 8 200 000 10488 |75 |63 |54 |46 |40 34
g cC 250 000 98 | 83 |70 | 59 | 51|43 (37|32
z* % end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
Design . . 5
e Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note Temperature, °C
h
MPa mm 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
224-490A, B All 11 INDEF |142|142|142|142|128 (121 (115({105| 91 |78 | 67 | 57 | 49 |42 | 37
-460B
100 000 115|114(105|90 | 77 | 65 | 56 |48 | 42
150 000 115(111)95 |81 |68 |58 |50 (43|38
200 000 115(104| 88 | 75| 63 | 54 | 46 |40 | 34
250 000 115098 |83 |70 |59 |51 (43|37 32
Sections |BS 1502 151-430 >3 <16 7,11, 17 |INDEF [128(128 128 (128|107 |102| 94 | 85 | 76 | 68 | 60 | 52 | 45 |38 | 31 | 24
and bars (£25)
161-430 >16 <40 100 000|121|121 (121|121 99 198 |88 |79 |69 |60 |52 |44 |36 |28
(25 <63)
>40 <63 150 000({119|119|119|119 99 |93 |83 |74 |65|56 |48 |40 32 |22
(63 <100)
>63 <100 200 000|115|115|115]115 99 190 |80 |71 ]62|53|45|37|28|18
(100 <160)
250 000 97 |87 |78 [ 68|59 |51 |42|35]| 26
211-430 >3 <16 7,11, 17 |INDEF (128|128 [128[128|107|102|99 |98 [ 89 | 78 | 67 | 57 | 49 |42 | 37 | 31 | 28
(<25)
221-430 >16 <40 100 000(121121 121|121 97 190 |77 | 65|56 |48| 42 |36 |32
(25 <63)
>40 <63 150 000(119|119 (119|119 95 | 81 |68 |58 |50 (43|38 |32|26
(63 <100)
>63 <100 200 000|115|115|115|115 88|75 (63|54 |46 |40 34 |28
(100 <160)
250 000 8370 (59|51 |43|37|31 |25
224-430 All 11 INDEF 121|121 (121121108 (101(95 [ 94 |89 | 78 | 67 | 57 | 49 |42 | 37
100 000 93 190 77|65 |56 48| 42 |36 |32
150 000 93 [ 81 |68 |58 |50 (43|38 |32|26
U 200 000 88 75|63 |54 |46 (40| 34|28
o 250 000 83| 70|59 |51 |43 (37|32 |25
* Sgend of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
224-490 All 11 INDEF 142|142 (142142128121 |115]|105| 91 |78 | 67 | 57 | 49 | 42| 37
100 000 114|105(90 | 77 | 65 | 56 | 48| 42 | 36 | 32
150 000 111195 81|68 |58 |50 (43|37 (32|26
200 000 10488 |75 | 63| 54 | 46 | 40| 34 | 28
250 000 98 | 83 |70 | 59 | 51|43 (37|31 |25
AS/NZS 3679.1 250 — 9,10 INDEF |114(114 (114|114
AS/NZS 3679.1 350 — 9,10 INDEF |138(138 138|138
[Forgings [BS 1503 221-430 <100 6,7,11 |INDEF (119|119 (119(119(107]|102({99 |99 |89 |78 |67 | 57 | 49 (42| 37
>100 100 000 (115|115 (115|115 99 |98 |90 |77 | 65|56 |48 | 42
150 000 99 | 95 | 81|68 |58 |50 (43| 38
200 000 99 | 88 | 75| 63 | 54 | 46 |40 | 34
250 000 98 |83 |70 |59 |51 |43|37] 32
221-460 <100 6,7,11 [INDEF |129]|129(129|129|117|112(108(104| 91 |78 | 67 | 57 | 49 | 42| 37
>100 100 000|125(125|125|125 10810590 | 77 | 65 | 56 |48 | 42
150 000 10895 |81 |68 |58|50|43]| 38
200 000 10488 | 75|63 |54 |46 |40 | 34
250 000 98 |83 (705951433732
221-490 <100 6,7,11 |INDEF (140|140 (140|140 (128|122 (118|105| 91 |78 | 67 | 57 | 49 (42| 37
>100 100 000{135[135{135|135 118(118]105(90 | 77 | 65 | 56 |48 | 42
150 000 118111195 (81|68 |58 |50 (4338
200 000 118|104 88 |75 |63 | 54 | 46 |40 | 34
250 000 115098 |83 |70 |59 |51 (43|37 32
* Seeknd of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
l')esfgn Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
221-510 <100 6,11 INDEF (147|147 |147|147|135(129(119(105| 91 | 78 | 67 | 57 | 49 |42 | 37
100 000 124(1211105| 90 | 77 | 65 | 56 | 48 | 42
150 000 124111195 (81|68 |58 |50 (43| 38
200 000 121110488 |75 |63 |54 |46 |40 34
250 000 115098 |83 |70 |59 |51 |43|37] 32
223-430 <100 6,7,11 |INDEF (128|128 (128|128 (114|107({100|99 |89 |78 | 67 | 57 | 49 (42| 37
>100 100 000|123 (123 (123|123 98 (90|77 | 65|56 |48 | 42
150 000 95 | 8168|5850 |43]| 38
200 000 88 | 75|63 |54 |46 40| 34
250 000 83|70 |59 |51[43|37] 32
223-460 <100 6,7,11 |INDEF (140|140 (140|140 (127 |119(111|104| 91 |78 | 67 | 57 | 49 (42| 37
>100 100 000{135[135 (135135 110105\ 90 | 77 | 65 | 56 |48 | 42
150 000 110|195 [ 81|68 |58 |50 |43] 38
200 000 104|188 | 75| 63 | 54 | 46 |40 | 34
250 000 98 | 83 |70 |59 | 51|43 (37|32
223-490 <100 6,7, 11 |INDEF (152|152 (152|152(139|131(119|105| 91 |78 | 67 | 57 | 49 (42| 37
>100 100 000|146(146 (146|146 123|121(105|90 |77 |65 |56 |48 | 42
150 000 123(111)195 (81|68 |58 |50 |43 38
200 000 121110488 |75 |63 |54 |46 | 40| 34
250 000 115098 |83 (70|59 |51 |43|37] 32
223-510 <100 6,11 INDEF [159(159|159|159|147 (138|119(105| 91 | 78 | 67 | 57 | 49 |42 | 37
100 000 131|121(105|90 |77 65|56 |48 | 42
OU U 150 000 128111195 | 81|68 |58 |50 |43 38
2 8 200 000 121110488 |75 63|54 |46 |40 34
g : 250 000 115198 83|70 |59 |51 |43 (37| 32
z* %end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 430|440 (450|460 (470|480 |490 (500|510 |520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
224-430 <100 6,7,11 |INDEF [121[121|121|121|108|101|96 |95 |89 |78 |67 |57 |49 |42 | 37
>100 100 000|117(117 (117|117 95190 |77 65|56 |48 42
150 000 95 | 81 |68 |58 |50 (43 38
200 000 88 | 75|63 |54 |46 40| 34
250 000 83 70|59 51|43 |37 32
224-460 <100 6,7,11 |INDEF [132(132|132|132|118|111|105|105|104| 78 |67 | 57 | 49 |42 | 37
>100 100 000|127 (127 (127|127 105(104| 90 [ 77 | 65 | 56 | 48| 42
150 000 105095 | 81|68 |58 |50 (43| 38
200 000 104188 |75 |63 | 54 | 46 (40| 34
250 000 98 | 83 |70 |59 | 51|43 (37|32
224-490 <100 6,7,11 |INDEF |142(142|142|142|128|121|115|105| 91 |78 | 67 | 57 | 49 |42 | 37
>100 100 000|137(137 (137|137 115(115(105| 90 | 77 | 65 | 56 | 48| 42
150 000 115(111)1 95|81 |68 |58|50|43] 38
200 000 115(104| 88 | 75| 63 | 54 | 46 |40 | 34
250 000 115098 |83 (70|59 |51 |43|37]| 32
224-510 <100 6, 11 INDEF 149|149 (149|149 |135(128|119|105| 91 |78 |67 | 57 | 49 |42| 37
100 000 1221211105190 |77 |65 |56 |48 | 42
150 000 122(7111]95 |81 |68 |58 |50 |43| 38
200 000 121110488 |75 | 63|54 |46 | 40| 34
250 000 115098 |83 |70 59|51 (43|37 32
ASTM A105 All 14 INDEF (136136 |136|136(129(121|101| 94 | 87 |81 |74 | 67 | 61 |54 | 48
Castings |AS 2074 C7A-1 All 2 INDEF {98 | 98 {98 [ 98 [ 93 |89 |86 |84 |83 |74 |62 |53 |45|38]| 30
OU U 100 000 83 | 79| 71|60 |51|44| 37
2 8 150 000 83 75|63 |54 |46 |38 30
g c 200 000 82|69 58|49 |42 |34
5_, 3 250 000 78 | 65 | 54| 46 | 38
3* @ end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

l')feSSgn Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note Temperature, °C
h
MPa mm 100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
C7A-1E All 2 INDEF [104(104[104|104{99 [95 (92 |91 |89 |74 |63 |53 |45|38] 30
100 000 91 |84 |71 |60 |51 (44|37
150 000 89 |75 (63|54 |46 |38]| 30
200 000 82|69 58|49 |42 |34
250 000 88 |78 | 65| 54 | 46 | 38
C7A-2 All 2 INDEF |113[113|113|113{108(103|100| 98 |89 |74 |63 |53 |45 |38 30
100 000 99 | 99 |84 |71 |60 |51 |44 37
150 000 99 | 89 | 75|63 | 54|46 38| 30
200 000 9218269 |58 |49 |42 |34
250 000 99 | 88 |78 | 65 | 54 | 46 | 38
C7A-2E All 2 INDEF [120(120{120|120{115(109(107| 98 | 89 | 74 | 63 | 53 | 45 | 38| 30
100 000 10699 |84 | 71|60 |51 |44 37
150 000 100189 | 75 | 63| 54 | 46 |38 | 30
200 000 103192 | 82|69 |58 |49 |42 |34
250 000 99 | 88 |78 | 65 | 54 | 46 | 38
Tubes BS 3059-1 320 All 11 86|86 |86 |86 (77|71 |68
HFS, CFS
ERW, CEW
BS 3601 320, ERW
BS 3601 360 All 11 951951959586 (79|75
S, ERW
BS 3059-2 360 All 11 INDEF |[111|111|111|111{97 |87 |79 |78 |77 |66 |60 |52 |45]|38]| 31
S1, S2 100 000 76 | 69 | 60 | 52 |44 | 36
lw] U ERW, CEW 150 000 74|65 |56 |48 (40| 32
=]
2 8 BS 3602-1 360 200 000 71162 |53|45(37|28
% : HFS, CFS 250 000 68 |59 |51 |421(35]| 26
5 - ERW, CEW
g* %end of this Table for Notes (continued)
S 3
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TABLE 2.2.1 (continued)

l?esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
BS 3601 430 ERW All 11 115|115 (115(115({103]|95 | 89
BS 3602-2 430 LAW All 5,11 120(120|120|120 (109101
490 LAW All 5 143|143 143 (143|131|121
BS 3602-1 430 11 INDEF [120(120{120|120{109(101|95 [ 82|76 | 68 | 60 | 52 | 45|38 31
HFS, CFS 100 000 95 18879169 |60 |52 (44| 36
ERW, CEW 150 000 93|83 |74 (65|56 |48 (40| 32
200 000 90 | 80 | 71 | 62|53 45|37 28
250 000 87 |78 | 68 | 59 | 51|42 (35| 26
BS 3059-2 440 All 11 INDEF [134(134[134|134|119(106|101(101| 87 [ 78 | 67 | 56 | 48 | 42| 36
S1, 82 100 000 101(100| 90 [ 77 | 65 | 56 | 48| 42
ERW, CEW 150 000 10195 |81 |68|58|50|43]| 38
200 000 10188 |75 (63|54 |46 |40 34
250 000 98 |83 (70|59 |51 |43|37] 32
ASTM AS3 S/B, E/B All 14,18 |INDEF |147(143|138|132|125(118|89 |84 |78 |73 |68 |62 |56 |49 | 42
ASTM A106 B
API 5L B (seamless,
ERW)
BS 3602-1 500-Nb All 11 INDEF [163(163|163|163|148(135(719(105| 91 |78 |67 |56 |48 |42 36
HFS, CFS 100 000 125(1211105190 |77 |65 | 56 |48 | 42
150 000 125(111)195 (81|68 |58 |50 (43| 38
200 000 121110488 |75 |63 | 54 | 46 | 40| 34
250 000 115098 |83 |70 |59 |51 (43|37 32
* See end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

l.)eSEgn Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note Temperature, °C
h
MPa mm 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
C-1/2 Mo [Castings |AS 2074 L5A-2 <32 2 INDEF |131|131|131|131|113[106 (104 10310199 | 98 | 82 | 68 | 54 |45 |36 | 28
L5A-2E >32 2 INDEF |140|140(140(|140|121 (113|111 110{109]|106| 98 | 82 | 68 | 54 | 45 | 36| 28
100 000 106 94 |78 | 62 | 52 | 41| 32
150 000 106| 87 [ 70 | 57 | 46 | 37 | 30
200 000 100 81| 65|53 42|34 |28
250 000 95 | 77162 (50|40 |32|25
Tubes BS 3059-2 243 All 11 INDEF |149(149(149|149|128 (120|117 115 113|199 | 82 |68 | 54 |45 |36 | 28
S1, S2 100 000 112|194 |78 | 62 | 52 | 41| 32
ERW, CEW 150 000 10787 | 70 | 57 | 46 | 37 | 30
200 000 100 81| 65|53 42|34 |28
[\
250 000 95 | 77162 50|40 |32|25 b
1 1/4 Ni-  [Tubes BS 3604-1 591 All 11, 13 |INDEF |226(226(226|226(226(226 (226
Cu-Mo-Nb HFS, CFS
* See end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 430|440 (450|460 (470|480 |490 (500|510 |520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
1Cr-1/2  [Plate BS 1501-2 620-A <75 11 154|154 (154|154 (143|134 (132 129 127
Mo <100 136|136 [136|136(121|113 (110 108 106
<150 125[125(125(125[108 |99 | 96 94 92
620-B <75 11 INDEF [165[165[165|165|152 (143|141 137 128(113|97 |81 |66 |54 |45]|36|29]|23
100 000 135(134|112{ 93 |76 | 62 |52 |42 |33 |27
150 000 135(124(102| 83 | 67 | 55 |44 |35 |29 |24
200 000 135(|114[ 94 |76 | 61 |49 |40 |32 |26 |22
250 000 131110788 |70 | 57 | 45|37 (30|25 |20
620-B >75 <100 11 INDEF |145(145|145|145|129(121|117 115 113 (112 97 |81 | 66 | 54 | 45|36 |29 |23
100 000 113|112(111|193 |76 |62 |52 |42 |33 |27
150 000 112|102 83 |67 |55 |44 |35 (29| 14
200 000 112194 |76 | 61 |49 | 40 | 32|26 | 22
250 000 107188 |70 |57 | 45|37 302520
620-B >100 <150 11 INDEF |133(133|133|133|115[105|103 100 98 | 97 |81 |66 |54 45|36 29|23
100 000 98 (97 |93 |76 62|52 (42|33 |27
150 000 97 |83 |67 |55 |44 35|29 |24
200 000 94 |76 | 61|49 |40 |32 26|22
250 000 88 |70 | 57 |45 |37 |30 25|20
[Forgings [BS 1503 620-440 All 6,11 INDEF [131(131|131|131(123 (113|108 105 10197 | 81 |66 |54 |45 36|29 |23
100 000 101{101| 93|76 |62 |52 42|33 |27
150 000 101|101| 83 |67 |55 |44 |35[29 |24
200 000 101{ 94|76 |61 |49 |40 |32 |26 |22
250 000 101 88|70 |57 | 45|37 |30|25]|20
* end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
620-540 <200 6,11 INDEF |200(200{200{200|196 (189 186 182181157\ 140|118[105| 81 | 66 | 54 |45 |36 |29 |23
100 000 181(180(162(136|112|93 |76 |62 |52 |42 |33 |27
150 000 181 (174|149 (124|102| 83 | 67 | 55 |44 |35 (29|24
200 000 181(162|138(114|94 |76 | 61 |49 |40 |32 |26 |22
250 000 179|155\ 13110788 |70 | 57 |45 |37 |30 |25 |20
Tubes BS 3604-1 620-440 All 11 INDEF |157|157|157|157|128 121|116 112 112|111 97 | 81 |66 | 54 |45 |36 |29 | 23
HFS, CFS 100 000 111|111 93 |76 | 62 | 52| 42|33 |27
ERW, CEW 150 000 1111102) 83 |67 | 55 |44 | 35|29 |24
200 000 111{ 94|76 | 61 |49 |40 |32 ]26|22
250 000 107\ 88 |70 | 57 | 45|37 302520
BS 3059-2 620-460 All 11 INDEF |129]129(129(129]|129(129 (120 116 114|113 97 | 81 |66 | 54 |45 |36 |29 |23
S1, 82 100 000 113|112193 |76 | 62 | 52|42 |33 |27
ERW, CEW 150 000 113(102| 83 | 67 |55 |44 |35 |29 |24
200 000 113|194 |76 |61 |49 |40 |32 |26 |22
250 000 107\ 88 |70 | 57 | 45|37 30 |25]|20
11/4 Cr- |Plate BS 1501-2 621-A <76 11 175|175|175|175[166 (159 (157 153|152
172 Mo >76 <100 166|166 (166|166 (156|149 (146 143 141
>100 <150 160|160 (160|160 (149|142 {139 136 134
621-B <76 11 INDEF |187|187 (187187177 (170|167 163(162(161|139|118| 97 | 81 | 66 |54 |45 |36 |29 |23
100 000 161160 (7136|112 93 |76 | 62 | 52 |42 |33 |27
150 000 161|149 (124|102 83 | 67 | 55 |44 |35 (29|24
200 000 161(138(114|94 |76 | 61 |49 |40 |32 |26 |22
250 000 155|131 (10788 |70 | 57 [ 45|37 (302520

*
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end of this Table for Notes
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TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
621-B >76 <100 11 INDEF |177|177|177|177|167 (159 156 152 15013911897 |81 |66 |54 4536|2923
100 000 150149 (136|112 93 | 76 | 62 | 52 | 42 | 33|27
150 000 150(149 [124|102| 83 | 67 | 55 |44 |35 (29|24
200 000 150(138(114| 94 |76 | 61 |49 |40 |32 |26 |22
250 000 150(131(107|88 |70 |57 |45 (37|30 |25|20
621-B >100 <150 11 INDEF [171(171|171|171|159(151|148 145 142(139(118| 97 |81 |66 |54 | 45|36 |29 |23
100 000 142|136(112|193 |76 | 62 |52 |42 |33 |27
150 000 142(124(102| 83 | 67 | 55 |44 |35 |29 | 24
200 000 138114194 |76 | 61 |49 |40 |32 |26 |22
250 000 13110788 |70 |57 |45 |37 ]30]25]|20
Forgings [BS 1503 621-460 All 6, 11 INDEF |145(145|145|145|137 (127|122 117 11511397 | 81 |66 |54 4536|2923
100 000 114(112)193 76 | 62|52 |42 |33 |27
150 000 114|102 83 |67 |55 |44 |35(29 |24
200 000 114194 |76 |61 |49 |40 32|26 |22
250 000 107\ 88 |70 | 57 | 45|37 30 |25]|20
Castings |AS 2074 L5B All 2 INDEF |136(136|136|136|128 (119|114 110 108|106( 97 | 81 | 66 | 54 |44 |35 |29 |23
Tubes BS 3604-1 621 All 11 INDEF |145(145|145|145|116(110{105 101 100|100( 96 | 81 | 66 | 54 | 45 |36 |29 | 23
HFS, CFS 100 000 100 93|76 | 62|52 |42 33|27
ERW, CEW 150 000 100 83 | 67 | 55|44 35|29 |24
200 000 94 |76 | 61 |49 |40 |32 26|22
250 000 88|70 |57 |45 (37 |30(25]|20
Mn-Cr- Plate BS 1501-2 271 <25 11 INDEF |237(237|237|237|237 (237|234 232(230|205(181|157|134 (11293 |75 |60 |47 |36 | 26
OUM(& 100 000 231(231(209(181(155[129|107|87 | 69 | 54 | 41|30
2 8 150 000 229(202|173| 145|118\ 95 |76 | 60 | 44 | 32 | 23
g c 200 000 221(192|160|132|108| 87 |68 | 51 |38 |26 |18
a 3 250 000 216(188|157|129 105\ 83 |65 |48 |35 |23 |14
g* @ end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
BS 1501-2 271 >25 <76 11 INDEF |226(226(226(226(226 (226|221 219(205(181|157| 134112193 | 75|60 |47 |36 |26
100 000 219(209(181|155(|129(107| 87 | 69 | 54 | 41 | 30
150 000 219(202|173| 145|118 95 | 76 | 60 | 44 | 32 | 23
200 000 219(192(160|132|108| 87 | 68 | 51 |38 | 26 | I8
250 000 216(188|157|129|105| 83 | 65 |48 |35 |23 |14
BS 1501-2 271 >76 <150 11 INDEF |219(219(219]219(207|201|195 193(181(157| 13411293 |75 |60 |47 |36 |26
100 000 193(190|/81|155 (12910787 | 69 | 54 | 41 | 30
150 000 190(173(145(118| 95|76 |60 |44 |32 |23
200 000 190(760(132(108| 87 | 68 | 51 |38 |26 |18
250 000 188(157|129|105| 83 | 65 |48 |35 |23 |14
Forgings |[BS 1503 271 All 6,11 INDEF |208(208 (208|208 (204199192 188|181(157| 13411293 |75 |60 |47 |36 |26
100 000 188(186|181|155(129(107|87 | 69 | 54 | 41 | 30
150 000 173\ 145(118195 |76 | 60 |44 |32 |23
200 000 160(1321108| 87 |68 |51 |38 |26 |18
250 000 157|129 (10583 |65 |48 | 35|23 |14
Ni-Cr- Plate BS 1501-2 281 <25 11 INDEF |237(237|237|237 (237|237 (234|226 |211(196|181(163|146(126|107 |89 | 74 | 60 | 48 |38 |29 |21
Mo-V 100 000 233(233(226(209|188(168|145|124 (103 85 |69 | 55 |44 | 33 | 24
150 000 233(232(218(202|182[158|135|112|93 |77 |62 |47 | 35|26
200 000 233(226|213(196|177(152|128|105| 87 | 69 | 55 | 40 | 31 | 22
250 000 232(222|207(191|172(147|123| 98 | 82 | 65 | 50 | 35 | 27
281 >25 <76 11 INDEF |226(226 (226226 (226|226 (221|221 (217(199|181(163|146(126|107 |89 | 74 | 60 | 48 |38 |29 | 21
100 000 220(209|188(168|145|124|103| 85 |69 | 55 | 44 | 33 | 24
OU U 150 000 218(202|182(158|135|112|93 |77 |62 |47 35|26
2 8 200 000 213|196(177|152(128|105|87 | 69 | 55 |40 |31 |22
g cC 250 000 207(191172(147|123| 98 | 82 | 65 | 50 | 35 | 27
z* % end of this Table for Notes (continued)
=3
)
I
&

€¢

8TTI SV

910T


http://avadocuments2026.com/doc/as-1228-2016
http://avadocuments2026.com/doc/as-1228-2016

9L0Z-82CZL SV :slie1ap usawnodop jin4

eljeJisSny SpJepuels o

ne‘Bio splepue}s Mmm

gnH Bunieys juawnosoqg

TABLE 2.2.1 (continued)
Design . . 5
e Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note Temperature, °C
h
MPa mm 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
281 >76 <150 11 INDEF |219]219(219(219|207 (201 [195 193(181(163|146|126(107 |89 |74 | 60 | 48 |38 |29 |21
100 000 193|188(168|145|124 103 85 | 69 | 55 | 44 | 33 | 24
150 000 193(182|158|135(112 93 |77 |62 |47 |35 |26
200 000 193177(152|128|105| 87 | 69 | 55 | 40 | 31 |22
250 000 191\172(147(123| 98 | 82| 65|50 |35 |27
1/2 Cr- Forgings [BS 1503 660-460 All 6,11 INDEF |161|161|161|161|150(144(139 135 134(128(114|100| 87 | 75 | 66 | 57 | 49
1/2 Mo-
100 000 134|133|131(115[(100| 87 |76 | 66 | 56
174V
150 000 1331122|106| 92 | 80 | 69 | 59 | 47
200 000 132(115|100| 87 | 75|65 | 55
250 000 12811196 | 83| 72|62 |50
Castings |AS 2074 L5H All 2 INDEF |145|145|145|145|137 (128|118 112{111(109[108 [107[106(102| 88 | 78 | 67 | 56 | 48 | 39 | 30
Tubes BS 3604-1 660 All 11 INDEF |161]|161|161|161|150(144 (139 135 134|128|114(100| 87 | 75| 66 | 57 | 49
HFS, CFS 100 000 133|131|115(100| 87 | 76 | 66 | 56
150 000 1331122|106| 92 | 80 | 69 | 59 | 47
200 000 132(115(100 87 | 75|65 |55
250 000 12811196 | 83|72 |62 |50
21/4 Plate BS 1501-2 622-515A <100 11 166[166(166(166|163|158|153 146
Cr-1 Mo
>100 <150 155155 [155[155|151|147|143 134
622-515B <100 3,8, 11 [INDEF (177|177 177|177 (173 (168|163 156|144 (134|124| 11410291 |82 |71 |62 |53 |46 |39 |34]|30
100 000 156154152143 131 (118(105|94 |82 |72 |61 |53 |45 |39 |34
150 000 154148135122 (10897 | 85|73 |63 |56 |48 |42 |36 |31
200 000 154143130\ 11710492 |79 |68 |59 |52 4538|3328
U 250 000 152(139(126|113|100| 87 |75 |65 |57 |49 | 42|36 |32 |27
* %end of this Table for Notes (continued)
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*

end of this Table for Notes

(continued)

TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100|150 (200{250 (300|350 (400|410 (420 (430|440 (450|460 (470|480 (490|500 |510 (520|530 (540|550 {560 |570 (580 [590 {600 (610|620 (630
622-515B | >100 <150 11 INDEF |165|165(165|165|161 157 (153 143 |141(124| 114|102 91 | 82 |71 |62 |53 |46 |39 |34 |30
100 000 143[141|139|131 (118|105 94 |82 |72 |61 |53 |45|39|34
150 000 141(135(122(108| 97 | 85 |73 |63 |56 |48 |42 |36 |31
200 000 141(130(117 (104|192 |79 |68 |59 |52 |45 (383328
250 000 139(126\ 113|100 87 |75 |65 |57 |49 |42 |36 (32|27
622-690A <50 3,8, 11 256|256 (256|256 (256|256 (256
622-690B <50 3,8, 11 |INDEF [256(256 (256|256 (256|256 (250|238(226|215|204|147|136(124|114[102|91 |82 |71 |62 |53 |46 |39 |34 |30
100 000 256(256|256(248|235(170 (157143131 |118[105| 94 |82 |72 |61 |53 |45 (39|34
150 000 256(251(238(225|161(148|135|122 (10897 |85 |73 |63 |56 |48 42|36 |31
200 000 256247234 (221|156(143|130|117 10492 |79 |68 |59 |52 |45 |38|33]|28
250 000 255(242(229(216|152(139|126|113 100 87 |75 |65 |57 |49 |42 |36 |32 |27
[Forgings |BS 1503 622-490 All 3,6,8, 11| INDEF |157{157|157 (157|153 (149 |145{143 (141 |139(138|137[135|124|114 (10291 |82 |71 |62 |53 |46 |39 |34 |30
100 000 132(131[118|105|94 |82 |72 |61 |53 |45|39|34
150 000 132(122(108| 97 |85 |73 |63 | 56 |48 | 42 |36 | 31
200 000 130|117 (104192 |79 |68 |59 |52 |45 383328
250 000 126\ 11310087 | 75|65 |57 |49 |42 |36 |32 |27
622-560 All 3,6,8, 11| INDEF |207|207|207 {207 |207 {201 |197 |187 175|168 (157|147 (136|124|114 [102| 91 |82 |71 | 62 |53 |46 |39 |34 |30
100 000 196 (195|194 (183170157 |143|131 (118105| 94 | 82 |72 |61 |53 |45 |39 |34
150 000 195(186|173(161|148(135(122|108|97 |85 |73 |63 |56 |48 |42 |36 |31
200 000 195(182|169(156 143|130\ 117|104[ 92 |79 [ 68 |59 |52 45|38 (33|28
250 000 190(178|165(152 139|126\ 113|100 87 |75 |65 |57 |49 |42 |36 |32 |27
Castings [AS 2074 L5C All 2,3 INDEF |185(185|185|185|181 (175|170 164(161|147(133|119|104 |93 |82 |74 |66 |56 |53 |46 |39 |34]|30
U 100 000 163(162(153(137(120(107|95 |85 |76 |65 |61 |53 45|39 |34
8 150 000 163(161(144(129(112]98 |88 |77 |68 |63 |56 |48 |41 |36 |31
c 200 000 163(156|139(124(107 |94 |83 |71 |63 |59 5245|3833 |28
3 250 000 163(152(135(119(103|91 |79 |68 |60 |57 (49|42 |36 |32 |27
%
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 [520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
L5C-E All 2,3 INDEF |197|197|197|197|193 187|181 175(161|147(133|119|104 |93 |82 |74 |66 |56 |53 |46 |39 |34 |30
100 000 174(170(153(137(120(107| 95 |85 |76 |65 |61 |53 45|39 |34
150 000 174(161(144(129(112]98 | 88 |77 |68 | 63 |56 |48 | 41 |36 |31
200 000 172(156|139(124(107 |94 | 83 |71 |63 |59 |52 |45 |38 |33 |28
250 000 170(152(135(119(103|91 |79 |68 |60 |57 |49 |42 |36 |32 |27
Tubes BS 3059-2 622-490 All 3,8, 11 |INDEF (157|157 (157|157 (153|149 (145|143 141 (139|138 |137|135(124|113[102| 91 |82 |71 |62 |53 |46 |39 |34 302523
S1, S2 100 000 135(133(131(118|105|94 |82 |72 |61 |53 [45|39|34[29]26
150 000 133(122(108| 97 |85 |73 |63 |56 |48 |42 |36 312723
BS 3604-1 622 All 3,8, 11 |200 000 130\117 (10491 |79 |68 |59 |52 |45 |38|33|28|25]|22
HFS, CFS 250 000 126|113 (10087 | 75|65 |57 |49 |42 |36 (32|27 23|20
5Cr-1/2  |Plate ASTM A387 SCL1 All 14 INDEF 113|113 |113|113{112[109{104[103|101[99 |98 [96 |91 |84 | 77 |70 |62 |55 |50 |44 |39 35|31 (28|24 |21]|18
Mo Forgings |ASTM A182 F5 All 14 INDEF [132(132(132|132|131 (128|121 (120|118(115|108(702| 94 |86 | 77 | 70 | 62 | 55 | 50 |44 |39 |35 |31 |28 |24 |21 |18
F5a All INDEF [170(170(170|170(168 164|156 |147|138[128|116(104| 94 |86 | 77 |70 | 62 |55 |50 |44 |39 |35 |31 (28|24 |21|18
ASTM A336 F5 All 14 INDEF 113|113 |113|113{112[109{104[103|101[99 |98 [ 96 |91 |84 | 77 |70 |62 |55 |50 |44 |39 35|31 (28|24 |21|18
F5A All INDEF 151|151 |151|151|150(146|139(136|134(128|116(104| 94 |86 | 77 |70 |62 |55 |50 |44 |39 (35|31 (28|24 |21 |18
Castings  [AS 2074 L5E All 2 230(230(230(230(230(230(230{230|230228|224 (220
L5E-E All 2 230{230]230{230(230{230|230{230(230{230(230|230
Tubes ASTM A213 T5, T5b, T5¢ All 14 INDEF [113[113|113|113{112[109(104[103|101[99 |98 [96 |91 |84 | 77 |70 |62 |55 |50 |44 |39 35|31 |28|24|21]|18
ASTM A335 P5, P5b, P5c All 14
See end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type | Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 |520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
9 Cr-1 Mo [Forgings |ASTM A182 F9 All 14 INDEF [161(161|161|161{159(155|147 (145|143 [141|139[136(131(123|715(|103{89 |76 |67 |58 |50 |44 |38 (33|28 |24 |21
Castings [ASTM A217 C12 All 2 INDEF [170(170(170|170|168 164|156 (154|152(150|147(145|137|127|116|103|{89 |76 | 67 | 58 | 50 |44 |38 |33 |28 |24 |21
Tubes BS 3059-2 629-590 All 11 INDEF |219(219|219|219(217|215|211|210(209(208|208 (188|169 (153|138 (125(112|100(89 |79 |69 |60 |50 |41 |33 |27 |23
S1, S2 100 000 207 (195|176 159|144 (129|115(103| 91 |80 |68 |58 |48 |38 |31 |26
BS 3604-1 629-590 All 11 150 000 207(188|169|152 13712311097 |85 |74 |62 |52 |42 |34 |28 |23
HFS, CFS 200 000 204(183|165|148 132118105\ 93 | 81 |69 |58 |48 |38 |31 |25 |22
250 000 199(179(161(144[129|115(102|89 |78 |66 |55 |45 |35 |28 |24 |21
ASTM A213 T9 All 14 INDEF 113|113 |113|113{112[109{104[103|101[99 |98 [ 96 |94 [92| 90 |85 (79 |73 |65 |57 |50 |44 |38 |33[28|24 |20
ASTM A335 P9
Temperature, °C
100|150 (200{250 (300|350 (400|450 (460 470|480 (490|500 (510(520 (530|540 |550 (560|570 (580|590 (600|610 (620 (630 |640 (650 |660
9 Cr-Mo-V |[Tubes ASTM A213 T91 All 14 INDEF [166[166|166|166|164[161|153|141|138[135(132|129(126(123|119|115|111|102| 94 |85 |77 |69 |62 55|49 |42 |36 |29
ASTM A335 P91
9 Cr-Mo-V-[Tubes BS 3604-1 91 All 11 INDEF |233(233(233|233(233(229(221(207|204(201|190(177|165|153|141|129(119|108( 97 |88 |79 |70 |62 |55 |49 |43 |38 |33 |28
No-N HFS, CFS 100 000 198|194 (190(176(163 |149|137(125|112(102| 91 |81 |72 |64 |57 | 50 | 44|38 |32
BS 3059-2 91 All 11 150 000 194 (185|171|158 (145(132(119|108|97 | 86 |77 |68 |60 |53 |47 |42 |35 |28
S1,S2 200 000 194(182|168| 154 |141(128|116|105|93 |83 |74 |65 |58 |52 |45|39]33
250 000 192|178(165|152138(125(113(102| 91 |81 |72 |64 |56 |49 |43 |38 |32
Temperature, °C
100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 (530|540 (550|560 (570 (580|590 |600 |610 (620
12 Cr-1 Tubes BS 3059-2 762 All 11 INDEF |241(241|241|241|234(230|225 215(200(192|183|174[166|150(134 (120106 93 | 81 [ 69 | 59 | 50 | 42 |35 |29
o=V S1,S2 100 000 205|201(191(173(155(138(122(107|93 |80 |68 | 58 | 48 |40 | 33
OD U 150 000 200(184|168(152(135(115|98 |85 |72 (62|52 |44 |37 |30
% 8 200 000 197180164 |146(128|110| 94 | 80 | 68 | 58 | 49 | 41 | 34 | 28
g : 250 000 192|176(160|142124|105(90 | 77 | 65 |55 | 46 |38 |32 |25
(.'-I;* aend of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 [520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
BS 3604-1 762 All 11 INDEF |240|240(240(240|232(227 (217 206(200(192|183|174(166|150(134 (120108 |93 | 81 [ 69 |60 | 50 | 42 |35 |29
HFS, CFS 100 000 191|187(173|155(138(122|107] 93 | 80 | 68 | 58 | 48 | 40 | 33
150 000 184|168 |152|135(115| 98 | 85|72 |62 |52 |44 (37|30
200 000 180|164 |146|128(110| 94 | 80 | 68 | 58 | 49 | 41 | 34 | 28
250 000 176(160(142|124(105| 90 | 77 | 65 |55 | 46 | 38 | 32|25
Temperature, °C
100(150{200 (250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|520 [540 550|560 (580|600 (620 (640|650 660 |680 (700|720
18 Cr-10- |Plate BS 1501-3 304851 <100 11 INDEF [103(103{103|103|98 |93 | 89 87 85 83 (82|76 |66 |56 |48 |43 |39(33|29|24
Ni 100 000 82 (82|76 |65|55|50|45|38|33]|28
150 000 82 | 72|61 |51|46 /(423631
200 000 81|69 |58 (48|44 | 40|34 |30
250 000 78 | 66 | 55|46 | 42|38 |33 |29
ASTM A240 304H All 14,15 |INDEF |122(122(122|122|116|111|107 105 103 101 99 |98 |96 |92 |88 |76 |64 |54 |46 |42 |38 (32|27 |22
304 All 14,15 |INDEF |122(122(122|122|116|111|107 105 103 101 99 [ 98 [ 96
Temperature, °C
100(150{200 (250|300 (350|400 (410|420 (430|440 (450 |500|520|540 |550 (560|570 580 590 {600 (610|620 (630 (640|650 |660 |680 (700|720
[Forgings [BS 1503 304851 All 11 INDEF [103(103|103|103|98 |93 | 89 87 | 85 83 8276 |71]66 56 48 | 43 3933|2924
100 000 82 (81|76 65 55150 |45(38|33|28
150 000 82 (78|72 61 51146 |42 (36|31
200 000 81175]69 58 48 | 44 | 40 | 34| 30
250 000 78 | 72 | 66 55 46 | 42 | 38|33 | 29
ASTM A182 F304H <127 14,15 |INDEF |122(122(122|122|116|111|107 105 10399 |98 |96 (92 |88 (83|76 |70 |64 |59 |54|50|46 |42 |38|32(27]|22
U F304 <127 14,15 |INDEF |122(122(122|122|116|111|107 105 10399 |98 | 96
* end of this Table for Notes (continued)
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*

end of this Table for Notes

(continued)

TABLE 2.2.1 (continued)
l.)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 430|440 (450|460 (470|480 |490 (500|510 |520 (530|540 (550|560 {570 (580|590 |600 |610 (620|630
Castings BS 1504 304C15A All 2,11, 13 | INDEF |108|{108|108{108|104|101| 99 95192 (82|70 |65]|59 49 41 33 2712312016
100 000 90| 81 | 75|68 57 47 38 3127|2318
150 000 90|76 | 68 |62 52 42 33 2623|2015
200 000 85172 65|58 48 38 31 24| 21|18
250 000 82168 |61|56 45 36 28 22 (19|17
Tubes BS 3059-2 304851 All 11 INDEF [101(101|101|101|97 |94 |91 88 | 86 83 8276|7166 62|56 (52|48 |43 3933|2924
CFS 100 000 82 (81|76 |71 |65|60|55|50 45383338
BS 3605 HFS, CFS, All 150 000 82|78 |72 166 |61 55|51 |46 |42 |36 |31
HEM 200 000 8175|169 (63|58 |53|48 |44 (40|34 |30
250 000 78 |72 | 66 | 61 | 55|51 |46 |42 (383329
ASTM A312 TP304 Smls All 14,15 |INDEF |122(122(122|122|116(111|107 105 99 198 | 96
ASTM A213 TP304H All 14,15 |INDEF |122(122(122|122|116(111|107 105 99 198196 |92 |88 |83 (76|70 |64 |59 |54 (50|46 |42 |38|32|27]22
Smis Temperature, °C
100{150(200(250{300(350({400|410({420|430|440(450|460 (470|480 (490|500 (520|540 (550(560|580 (600 (620|640 650|660 (680|700 (720
18 Cr-12- [Plate BS 1501-3 316851, S53 <100 11 INDEF |111{111|111|111{106]|101|99 96 93 90 89 | 78 |64 |51 |46 |40 |31 [25]|20
Ni-2 Mo 100 000 80 |88 | 74|58 |53 |46 (35|28]|23
150 000 85|66 |52 |46 |41 |32(25|19
200 000 79 162 |48 |43 (38|29 (22|18
250 000 7558|4540 (35|27 (22|18
ASTM A240 316H All 14,15 |INDEF |127|127|127|127|119 113|111 109 106 105 97 | 81 |68 |56 | 51|46 |37 30|24
316 All 14,15 |INDEF |127(127|127|127|119 113|111 109 106 106
[Forgings [BS 1503 316851 All 11 INDEF |111(111|111|111{106[101]| 99 96 93 90 89 |88 |78 |64 |51 |46 |40 |31 25|20
U 100 000 80 |88 |88 |74 |58 |53 |46 |35|28]|23
8 150 000 88 | 85|66 |52 |46 |41 (32|25]19
c 200 000 88 (7962|4843 (3829|2218
3 250 000 85| 75|58 (45|40 35|27 (22|18
E
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 [520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
ASTM A182 F316H <127 14,15 INDEF [127[127 (127|127 |119{113|111 109 106 (106|105 97 190 |81 |68 |56 |51 (46|37 |30]|24
F316 14, 15 INDEF |127(127 127|127 |119(113|111 109 106 (106
Temperature, °C
100|150 (200{250|300(350(400(410|420(430(440|450({460|470(480 490|500 (540|550 (560|580 (590|600 (620|640 (650 (660|680 (700|720
Castings [BS 1504 316C17 All 2,11, 13 |INDEF [122]122122{122|116(110|106 102 96 93 |87 (79 64 | 51|40 |36 |31|25)|20
100 000 92|91 74 | 58|46 |41 | 35|28 |23
150 000 85 66 | 524136322519
200 000 79 62 |48 38331292218
250 000 75 58 | 453531272218
Temperature, °C
100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (500|520 |540 (550|560 [580 590 {600 (610|620 (630 (640|650 660 |680 (700|720
Tubes BS 3059-2 316851, 852 All 3,11 INDEF |[111{111{111|111{106[102]{98 96 93 90 89 |86 |78 |71 |64 |57 |51 |46 |40 |3125
CFS 100 000 88 |88 [ 82|74 |66 |58 |53 |46 |35|28
150 000 88 |85 | 75|66 |58 |52 (46|41 (32|25
200 000 8879|7062 |55|48 |43 |38(29]22
250 000 85| 75|66 |58 |52(45|40 35|27 |22
BS 3605 316851, 852 All 3,11 INDEF |111{111|111|111{106[102|98 96 93 90 89 |86 |78 |71 |64 |57 |51 |46 |40|31]25
HFS, CFS 100 000 89 | 88 |88 |82 |74 |66 |58 |53 |46 (35|28 |23
HFM 150 000 857566 (58|52 |46 |41 |32[25|19
200 000 7970|162 5548 |43 3829|2218
250 000 75166 | 58|52 454035272218
ASTM A312 TP316H All 14,15 |INDEF |127|127|127|127|119 113|111 109 106 106[105|105( 97 |90 | 81 |75 |68 |62 |56 | 51 |46 |37 |30 |24
U Smls
o ASTM A231 TP316 Smls All 14,15 |INDEF |127(127|127|127|119 113|111 109 106 106
* Qend of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

gnH Bunieys juawnosoqg

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 [520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
18Cr-10 Plate BS 1501-3 321831 <100 11 INDEF |121[121 121|121 (117 (113|110 107 104103 97|90 |83 |76 62 49 36 (32|27
N 100 000 103|102|102| 86 71 57 42136 | 31
150 000 10310193 |78 64 49 36|32 |27
200 000 10397 |89 | 74 58 45 3312825
250 000 100 93 |85 |71 55 42 3126 |22
321851 <100 11 INDEF |104]|104 (104|104 99 |96 | 93 920 87 127(125| 83 71 59 48 | 421382923
100 000 86 | 86 | 85 82 68 55149 |44 (34|26
150 000 85 76 62 50| 44| 38|29
200 000 85 72 58 46 | 41 |35 |27
250 000 84 68 55 44138 |33 |25
Temperature, °C
100|150 (200{250|300(350|400(410|420(430(440|450({460|470(480 |500(520|540|550 (560|580 (590|600 (620|640 (650 (660|680 (700|720
ASTM A240 321H All 14, 15, 16 [ INDEF [129]129|129(129|127 (122|119 116 114 11110191 |76 |68 |59 |48 |41 |37 |34 |28 |23 |19
321 129(129|129(129|127|122|119 116 114 111
[Forgings [BS 1503 321851-490 All 11 INDEF | 93 [ 93 |93 | 93 | 87 | 84 | 81 79 78 76 76 |76 | 71|59 |48 |43 38|30 |23
100 000 76 |76 | 68 |55 | 49 | 44 |34 | 26
150 000 76 | 62|50 |44 | 38|29
200 000 76 |72 |58 |46 | 41 |35 |27
250 000 76 | 68 | 55|44 | 38| 33|25
“ See end of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

].)esign Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm " 100(150{200(250{300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 [520 530|540 (550|560 {570 (580|590 |600 |610 (620|630
321S851-510 All 11 INDEF |[121[121 121|121 (117113110 107104 (103103 | 95| 88 75 62 49 3613227
100 000 103]102{102 86 71 57 42136 | 31
150 000 103 (701| 93 78 64 49 36|32 |27
200 000 10397 | 89 74 58 45 3312825
250 000 100 93 | 85 71 55 42 3126 |22
ASTM A182 F321H <127 14,15, 16 | INDEF |129{129129|129(127 (122|119 116 111|101| 91 [ 84 |76 | 68 | 59 | 54 | 48 |44 |41 |37 |34 28|23 |19
F321 14, 15, 16 | INDEF [129(129(129129|127 122|119 116 111
Tubes BS 3059-2 321851 All 11 INDEF |121[121|121|121|117(112]|110 107 (104 102|195 |88 (82|75 |68 |62 |55 |48 |42|36]| 32
(1010) 100 000 102(101| 95 (86 |78 |71 |63 |57 |49 |42 | 36
CFS 150 000 101193186 78|72 |64 |56 |49 (42|36 32
200 000 97 |89 (82|74 66|58 |52 4538|3328
250 000 93 |85 78| 7162|5548 |42 |35|31 |26
321851 All 11 INDEF |93 [ 93 |93 |93 |87 |84 |82 79 | 76 77 T5 |71 65|59 |52 |48 |42 (38|29
(1105) 100 000 75175756860 |55|49 |44 |34
CFS 150 000 75168 |62 |56|50 |44 (38|29
200 000 72|65 |58 |52 |46 |41|35]|27
250 000 68 |62 | 55|49 |44 |38 (33|25
BS 3605 321851 All 11 INDEF |121(121|121|121|117|112]|110 107|104 1021 95|88 75 62 49 |42 |36 | 31 |27
(1010) 100 000 102]102{101 86 71 57149 |42 |36 |31
HFS, CFS 150 000 1021701) 93 78 64 49 |42 |36 | 32 | 27
HFM 200 000 10297 | 89 74 58 4538|3328 |25
250 000 100 93 | 85 71 55 4235|3126 |22
* Qeelend of this Table for Notes (continued)
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TABLE 2.2.1 (continued)
]?essgn Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note Temperature, °C
h
MPa mm 100(150{200(250|300 (350|400 (410|420 (430|440 (450|460 (470|480 |490 (500|510 (520 530|540 (550|560 {570 (580|590 |600 |610 (620 |630
321851 All 11 INDEF |93 |93 |93 |93 |87 |84 |82 79 | 76 76 7116559 (52|48 |42 |38[29|23
(1105) 100 000 76 75 68 |60 |55|49 |44 |34 |26
HFS, CFS 150 000 75 62 |56 50| 44|38 |29
HFM 200 000 76|75 |72 58 |52 |46 | 41 |35 |27
250 000 76 | 75| 68 55149 |44 |38 (33|25
ASTM A312 TP321H All 14, 15, 16 [ INDEF [129]129|129(129|127 (122|119 116 110|101| 91 [ 84 |76 | 68 | 59 | 54 |48 |44 |41 |37 |34 (28|23 |19
Smls
ASTM A213 TP321 Smls INDEF |129(129(129|129|127 (122|119 116 110
18 Cr-10  |Plate BS 1501-3 347851 <100 11 INDEF |127(127|127|127[123 (120|118 116115 1131101 86 71 57 46 | 41 136|127 |20
Ni-Nb
100 000 113113 99 82 66 53147 413123
150 000 113(712 93 75 61 48 | 42 | 37128 |22
200 000 113|106 88 72 58 45139 (3425|119
250 000 112]102 85 68 55 42|37 13224 |19
ASTM A240 347H All 14, 15, 16 [ INDEF [119|119|119(119|117|116|116 116|115 113 112|111(106|101| 91 |82 |73 |67 |60 |54 |49 (39 |32|26
347 14,15, 16 119|119 (119(119(117|116(116 116|115 110
Forgings |[BS 1503 347851 All 11 INDEF |127(127(127|127(123|120(118 116|115 113]101 86 71 57 46 | 41 |36 |27 | 20
100 000 113|113 99 82 66 53147 |41 (3123
150 000 113(112 93 75 62 48 | 42 |37 (28|22
200 000 113|106 88 72 58 45139 (3425|119
250 000 112]102 85 68 55 42137322419
ASTM A182 F347H <127 INDEF |119(119[119|119|117|116|116 116|115 113 112|111(106|101| 971 |82 |73 |67 |60 |54 |49 (39|32 |26
F347 INDEF [119[119|119|119[117|116|116 116[115 110
U* ﬁnd of this Table for Notes (continued)
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TABLE 2.2.1 (continued)

Design Maximum allowable design strength, MPa (Notes 1, 4 and 7)*
Grade Size lifetime
Steel type Form Standard No. Note* Temperature, °C
MPa mm h 100{150 (200250 (300 (350 (400|410 (420 (430|440 (450 (460 (470|480 (490 (500 (510 (520 (530 (540 (550 (560 (570|580 (590 (600 (610 (620 (630
Castings [BS 1504 347C17A All 2,11, 13 | INDEF |132]132(132]132|128|126(122 119(116|114|103| 94 | 86 71 57 46 3630|2719
100 000 113109 99 82 66 53 4135|3122
150 000 1121102| 93 75 61 48 371322822
200 000 106] 98 | 88 72 58 45 3412925119
250 000 102|194 | 85 68 55 42 321282419
Tubes BS 3059-2 347851 All 11 INDEF |135[135|135|135[130(124|122 119(119 11711210394 |86 |79 |71 |64 |57 |51 46|41 |36 |27 |20
100 000 117(116(109] 99 | 91 | 82 |74 | 66 | 59 |53 | 47 | 41 |31 |23
150 000 117(112|102 93 |84 |75 |68 | 61 |55 (48 |42 |37 (28|22
200 000 11610698 | 88 |79 | 72 | 64 |58 | 51 |45 |39 |34 |25|19
250 000 112110294 | 85|76 |68 |61 |55 |48 |42 |37 32|24 |19
BS 3605 347851 All 11 INDEF |135[135|135|135[130(124|122 119(118 117|112|103 86 71 57 |51 |46 |41 36|27 |20
HFS, CFS 100 000 117[116 99 82 66 |59 (53|47 |41 |31|23
HFM 150 000 117(112 93 75 61 |54 48|42 |37 |28|22
200 000 116|106 88 72 58 (51|45 (39 (3412519
250 000 112]102 85 68 55|48 |42 |37 (322419
ASTM A312 TP347H All 14,15, 16 | INDEF |119(119(119|119|117 116|116 116|115 113 112(111]|106{101|91 |82 |73 |67 |60 | 54 |49 |39 32|36
Smls
ASTM A313 TP347 Smls All 14, 15, 16 | INDEF |119(119(119|119|117 116|116 116|115 110
15 Cr-10  |Tubes BS 3059 215815 All INDEF |141(141 (141|141 (138|136(135 133(132 130 126 124 (11193 | 75 | 62 | 45 | 35
Ni-6 Mn-
oV Part 2 CFS 100 000 124(123(107| 87 | 71 | 52 | 40
BS 3605 215815 150 000 124 (11493 | 75 | 62 | 46 | 35
HFS, CFS 200 000 124(104| 83 | 67 | 56 | 42 | 32
HFM 250 000 118[96 |76 | 62 | 52 |40 | —
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NOTES TO TABLE 2.2.1:

1

11

12
13

14
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General Notes:

(a) Table 2.2.1 gives the maximum allowable design strength (f) of various materials for the design
temperatures stated at the head of each column. Time-dependent values (shown in italics) are given
for a non-defined (INDEF) design lifetime and for design lifetimes of 100 000 h, 150 000 h,
200 000 h and 250 000 h. Values at intermediate temperatures and intermediate times shall be
obtained by linear interpolation; values obtained by linear interpolation involving only one time-
dependent value may be regarded as time-dependent. Unless otherwise indicated, design strength
values have been determined in accordance with Appendix D.

Where the material specification makes provision for the material to be supplied with elevated
temperature properties (hot tested or verified), design strength values are given for each condition,
e.g. for AS 1548 plates where the letter ‘H’ in the grade designation indicates hot tested material,
for BS 1501 plates where the letter ‘A’ indicates non-hot tested material and the letter ‘B’ indicates
hot tested material, for AS 2074 castings and BS 1503 forgings where the letter ‘E’ indicates hot
tested material.

(b) The design temperature as defined in Clause 2.2.5 should not exceed the upper temperature for
which a value of f'is given except where Note 1(c) applies. Where extrapolation of the values given
is required, this shall be the subject of agreement between the parties concerned.

(c) If required for stress analysis purposes, the transition from linear elastic to linear plastic behaviour
for all materials except austenitic steels may be assumed to occur at a stress of 1.5 f unless f is
time-dependent. For austenitic steels, the corresponding stress may be taken as 1.35 f.

(d) Overall thickness limits are as defined in the relevant material specification. For forgings, the term
‘ruling section’ shall be interpreted in accordance with BS 5046.

(e) For values between the thicknesses stated, design strengths shall be obtained by linear
interpolation.

An appropriate casting quality factor, as specified in Clause 2.2.4 shall be applied to these values.

Time-dependent values may be increased by up to 10%, subject to continued fitness for service reviews
(see Clause 2.3) being instituted at two-thirds of the design lifetime indicated, provided the resulting value
does not exceed the lowest time-independent stress value.

Time-dependent values should be reduced by 10%, unless continued fitness for service reviews
(see Clause 2.3) are instituted at two-thirds of design lifetime indicated.

Use of submerged arc welded tube is conditional on its being subjected to the same non-destructive
examination requirements as those laid down for longitudinal seams in drums.

Materials may be supplied in the quenched and tempered condition, in which case properties will be
particularly susceptible to degradation as a result of subsequent fabrication processes.

Values to the left of ) are associated with material size (not design lifetime).

At temperatures at or above 580°C the effect of scaling becomes significant and due allowance should be
made for this.

Thickness to satisfy requirements of Clause 2.1.6, see also Clause 2.1.7.

The AS/NZS 3678 grades/thickness are produced by thermo-mechanical controlled process (TMCP).
Plates produced by this process may experience reduction in properties after hot forming/normalizing. The
fabricator should check for suitability of the plates for such applications with the manufacturer before
ordering the material. In the case of hot forming/normalizing applications, mechanical properties of the
plates may need to be verified by tests once specimen subjected to simulated heat treatment equivalent to
that to which the vessel is subjected.

Some British Standards covering these materials may have been withdrawn in favour of the EN series
Standards. These materials are regarded as obsolescent, but their use may be continued using the design
strength values given in Table 2.2.1. The design strength values for the EN materials have not been listed
in Table 2.2.1; however, their values may be calculated in accordance with Appendix D, using properties
obtained from the EN Standards.

Time-dependent design stress values apply only if the minimum carbon content equals or exceeds 0.04%.

The use of steel BS 3604-1 Grade 591 shall be limited to applications at design temperatures not
exceeding 400°C.

For general notes, recommendations, conditions, and limitations on the use of ASME materials, reference
should be made to ASME BPV-II-D, Notes to Table 1A.
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15 Due to the relatively low yield strength of these materials, these higher stress values were established at
temperatures where the short time tensile properties govern to permit the use of these alloys where slightly
greater deformation is acceptable. The stress values in this range exceed 66.67% but do not exceed 90% of
the yield strength at temperature. Use of these stresses may result in dimensional changes due to
permanent strain. These stress values are not recommended for the flanges of gasketed joints or other
applications where slight amounts of distortion can cause leakage or malfunction.

16 For temperatures above 540°C, these stress values may be used only if the material is heat treated by
heating to a minimum temperature of 1090°C, and quenching in water or rapidly cooling by other means.

17 Sizes in parenthesis apply to sections and flat bars.

18 The design strength values for the welded pipes (A53 E/B, API-5L ERW) have a weld joint factor of 1.0.
These values may be used for boiler construction, providing the following requirements are met:

(a) The pipe is used for pressure parts enclosed within the boiler casing enclosure.
(b) The maximum outside diameter shall not exceed 89 mm.

(c) The weld seam of each pipe shall be subject to an angle beam ultrasonic inspection meeting the
requirements of ASME BPV-II-A SA-450.

(d) A complete volumetric inspection of the entire length of each pipe shall be performed to meet the
requirements of ASME BPV-II-A SA-450.

(e) Each pipe shall be hydrostatically tested to meet the requirements of ASME BPV-I1-A SA-450.
() Material test reports to be provided.

19 Upon prolonged exposure to temperatures above 425°C, the carbide phase of carbon steel may be
converted to graphite.

20 Stress values at temperatures of 450°C and above are permissible but, except for tubular products
75 mm OD or less enclosed within the boiler setting, use of these materials at these temperatures is not
current practice.

21 Allowable stresses for temperatures of 370°C and above are values obtained from time-dependent
properties. Italic font indicates these values.

22 Allowable stresses for temperatures of 400°C and above are values obtained from time-dependent
properties. Italic font indicates these values.

23 The design strength values for these superseded material specifications are included as a guide and
reference only.
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2.2.3 Alloy steels

The design strengths for alloy steels given in Table 2.2.1 shall be used.
NOTES:

1 Where non-standard materials or heat treatment parameters are to be used, the appropriate
design strength and heat treatment period and temperatures are subject to prior agreement
between the parties concerned.

2 Where acceptance tests on material heat treated as part of an assembled component are
required, these are to be specified in a supplementary specification, together with the agreed
acceptance criteria.

2.2.4 Cast steels

For cast steels the design strength (f) shall be taken as 80% of the value specified in
Table 2.2.1 except for high class castings subjected to the inspection procedure specified in
AS 4037, where f may be taken as 90% of the value specified in Table 2.2.1.

2.2.5 Design temperature for water-tube boilers
2.2.5.1 General

The design temperature (7) used to evaluate the design strength (f) shall be determined in
accordance with Clauses 2.2.5.2 to 2.2.5.7 inclusive, as appropriate.

2.2.5.2 Shells, drums, headers and similar pressure parts

For drums, headers and similar pressure parts the design temperature shall be determined as
follows:

(a) For pressure parts not heated by hot gases and those parts adequately protected by
insulation from hot gases, T shall be equal to the maximum temperature of the
internal fluid.

NOTE: A covering of refractory or insulating material that may be liable to become dislodged
is not considered adequate protection.

(b) For pressure parts heated by hot gases, 7 shall be the mean wall temperature
determined by the manufacturer, but shall not be taken as less than 25°C in excess of
the maximum temperature of the internal fluid.

Drums and headers of thickness greater than 30 mm shall not be exposed to combustion
gases having an expected temperature in excess of 650°C unless they are efficiently cooled
by closely arranged tubes.

In determining the maximum temperature of superheated steam, the following factors shall
be taken into account:

(i) Increased heat input into the tube bank under consideration, increase in steam inlet
temperature resulting from deviation in the performance of preceding heating surfaces
and deviation from ideal combustion conditions.

(i1) Inequalities in gas temperature and flow occurring in any cross-section of the gas
path.

For expected steam temperatures not in excess of 425°C in the part under consideration, an
addition of 15°C shall be deemed to cover these factors; for higher steam temperatures only
in exceptionally favourable circumstances would a smaller addition than 15°C be

acceptable.
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2.2.5.3 Boiler tubes
For boiler tubes, T shall be taken as—

(a) for tubes mainly subject to convection heat, not less than 25°C in excess of the
saturated steam temperature at the calculation pressure; and

(b) for tubes mainly subject to radiant heat, not less than 50°C in excess of the saturated
steam temperature at the calculation pressure.

2.2.5.4 Superheater and reheater tubes
For superheater and reheater tubes, 7 shall be taken as—

(a) for tubes mainly subject to convection heat, not less than 35°C in excess of the steam
temperature expected in the part being considered; and

(b) for tubes mainly subject to radiant heat, not less than 50°C in excess of the steam
temperature expected in the part being considered.

For superheater and reheater tubes subject to the direct radiant heat from the combustion
chamber, or for expected steam temperatures in excess of 425°C in the part under
consideration, the calculation of 7 shall take account of the following factors:

(i)  Variation in the steam flow from the mean value in individual tubes of a tube bank
produced by entry and exit conditions and by manufacturing tolerances on thickness
and diameter.

(i) Increased heat input into the tube bank under consideration, increase in steam inlet
temperature resulting from deviation in the performance of preceding heating surfaces
and deviation from ideal combustion conditions.

(iii)) Inequalities in gas temperature and flow occurring in any cross-section of the gas
path.

2.2.5.5 Economizer tubes

For economizer tubes, T shall be taken as not less than 25°C in excess of the working
temperature of the internal fluid or not less than the saturation temperature corresponding to
the design pressure of the boiler, whichever is greater.

2.2.5.6 Integral pipes
For integral pipes, T shall be taken as the maximum temperature of the fluid inside the pipe.

For piping between interstages of superheaters and reheaters and/or attemperators, the
factor for imbalance in steam conditions and margins outlined in Clause 2.2.5.2(i) and (ii)
shall be taken into account.

2.2.5.7 Parts beyond the final superheater header

For parts beyond the final superheater or reheater header(s) where by suitable design
arrangements factors such as inequalities in gas temperature and flow occurring in any
cross-section of the gas path cannot have any sustained effect on the steam temperature, T
shall be the rated steam temperature at the superheater or reheater outlet, provided that in
service—

(a) the temperature on the average during any one year of operation does not exceed the
design temperature; and
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