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Foreword 

IS0  (the International Organization for Standardization) is a worldwide 
federation of national standards bodies ( IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. I S 0  collaborates closely with the International Electrotechnical 
Commission {IEC) on all matters of electrotechnical standardization. 

Draft International standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an Inter- 
national Standard requires approval by at least 75% of the member 
bodies casting a vote. 

International Standard IS0 5730 was prepared by Technical Committee 
ISO/TC 11, Boilers and pressure vessels, Sub-committee SC 5, Shell 
boilers. 

Annexes A, B, C, D, E, F, G, H and J of this International Standard are 
for information only. 
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INTERNATIONAL STANDARD I S 0  5730:1992(€) 

Stationary shell boilers of welded construction (other than 
water-tube boilers) 

Section 1: 

1.1.1 This International Standard specifies re- 
quirements for both directly fired boilers and waste- 
heat boilers with a gas-side pressure not exceeding 
0,05 N/mm2 (0,5 bar)’), of cylindrical horizontal de- 
signs, constructed from carbon or carbon 
manganese steels by fusion welding and, in the case 
of directly fired boilers, a design pressure not ex- 
ceeding 3 N/mm2. The boilers covered by this Inter- 
national Standard are intended for land use for 
providing steam or high-pressure hot water. (Typical 
examples are shown in figures 1 to 5.) This Inter- 
national Standard does not apply to water-tube 
boilers, to boilers for railway locomotives, or to 
marine boilers. 

1.1.2 This International Standard applies to the 
boiler proper, from the feed-water inlet connection 
to the steam outlel connection and to all other con- 
nections, including those required for valves and 
steam and water fittings. If welded ends are used, 
the requirements specified herein begin or end at 
the weld where flanges, if used, would have been 
fitted. 

1.1.3 This International Standard applies to boilers 
having a capacity of greater than 0,025 m3, a press- 
ure greater than 0, l  N/rnm* and a water tempera- 
ture in excess of 120 O C .  

1.1.4 Air preheaters, mechanical stokers, gas- or 
oil-burning equipment, forced- or induced-draught 
equipment or other accessories which may be re- 
quired by the purchaser are not considered as parts 

1) 1 N/mm* = 1 MN/m* = 1 MPa 
1 bar = 105 N/m* = lo5 Pa 

Genera I 

of a boiler for the purposes of this International 
Standard. Superheaters and econo 
tegral with or separate from the boile 
structed to the requirements O 
International Standard for water-tub 

1.1.5 This International Standard 
brickwork setting, insulation or furn 

1.1.6 This International Standard does not cover 
rules of construction since they cannot be written in 
sufficient detail to ensure good workmanship and 
construction. Each manufacturer is responsible for 
taking every necessary step to make sure that the 
quality of workmanship and construction is such as 
to ensure compliance with good engineering prac- 
tice. 

1.1.7 Informative references are given in annex J. 

1.2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the standards in- 
dicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 
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IS0 148:1983, Steel - Charpy impact test (V-notch). 

IS0  1027:1983, Radiographic image quality indicators 
for non-destructive testing - Principles and identifi- 
cation. 

IS0  1106-1:1984, Recommended practice for radio- 
graphic examination of fusion welded joints - 
Part I: Fusion welded butt joints in steel plates up 
to 50 mm thick. 

IS0 1106-2:1985, Recommended practice for radio- 
graphic examination of fusion welded joints - 
Part 2: Fusion welded butt joints in steel plates 
thicker fhan 50 mm and up to and including 200 mm 
in thickness. 

IS0 1106-3:1984, Recommended practice for radio- 
graphic examination of fusion welded joints - 
Part 3: Fusion welded circumferential joints in steel 
pipes of up to 50 mm wall thickness. 

IS0 2504:1973, Radiography of welds and viewing 
conditions for films - Utilization of recommended 
patterns of image quality indicators (1.Q.i.). 

IS0 2604-1:1975, Steel products for pressure pur- 
poses - Quality requirements - Part l: Forgings. 

IS0  2604-2:1975, Steel products for pressure pur- 
poses - Quality requirements - Part 2: Wrought 
seamless tubes. 

I S 0  2604-3:1975, Steel products for pressure pur- 
poses - Quality requirements - Part 3: Electric re- 
sistance and induction-welded tubes. 

IS0 2605-1:1976, Steel products for pressure pur- 
poses - Derivation and verification of elevated tem- 
perature properties - Part 1: Yield or proof stress 
of carbon and low alloy steel products. 

IS0  2605-3:1985, Steel products for pressure pur- 
poses - Derivation and verification of elevated tem- 
perature properties - Part 3: An alternative 
procedure for deriving the elevated temperature 
yield or proof stress properties when data are 
limited. 

IS0  4126-1:1991, Safety valves - Part 1: General re- 
quirem en ts, 

IS0 5579:1985, Non-destructive testing - Radio- 
graphic examination of metallic materials by X -  and 
gamma rays - Basic rules. 

IS0 5580:1985, Non-destructive testing - lndustrial 
radiographic illuniinators - Minimum requirements. 

IS0 6947:1990, Welds - Working positions - Defi- 
nitions of angles of slope and rotation. 

2 

IS0  9328-1:1991, Steel plates and strips for pressure 
purposes - Technical delivery conditions - Part I :  
General requirements. 

IS0 9328-2:1991, Steel plates and strips for pressure 
purposes - Technical delivery conditions - Part 2: 
Unalloyed and low-alloyed steels with specified room 
temperature and elevated temperature properties. 

IS0 10474:1991, Steel and steel products - In- 
spection documents. 

1.3 Definitions 

For the purposes of this International Standard, the 
following definitions apply. Throughout this Inter- 
national Standard additional definitions have been 
included as necessitated by the specific text con- 
cerned. 

1.3.1 purchaser: Individual or organization who 
buys the completed boiler from the manufacturer. 

1.3.2 designer: Individual or organization who as- 
sumes the sole responsibility for the design of the 
boiler. Helit determines the shape, dimensions and 
thickness of the boiler, selects the materials and 
details the methods of construction and testing. 

1.3.3 manufacturer: Individual or organization who 
fabricates or assumes responsibility for the fabri- 
cation of the boiler or any component thereof. 

1.3.4 material supplier: individual or organization 
not being a material producer, who supplies ma- 
terial or prefabricated standardized parts to be used 
in the construction of the boiler or any component 
the reof. 

1.3.5 producer of the supplied construction ma- 
terial; material producer: Individual or organization 
who produces materials for the fabrication of the 
boiler, components or prefabricated standardized 
parts. 

1.3.6 regulating authority: Authority in the country 
of installation which is legally charged with the 
enforcement of that country’s requirements of the 
law and regulations relating to boilers. 

1.3.7 inspecting authority: That independent body 
or association, acting on behalf of 

a) the purchaser or owner andlor 

b) the regulating authority, 

which performs the check that the design, materials 
and construction requirements comply with this In- 
ternational Standard. 
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1.3.8 inspector: Person employed and trained by 
an inspecting authority to carry out the functions of 
that inspecting authority as indicated in 1.3.7 (see 
also 6.1). 

1.3.9 national standard: Specific standard which 
has proved to be satisfactory in use, which is ac- 
ceptable to the regulating authority, which is a 
specification or rule prepared by a national stan- 
dards body or similar authority, and which includes 
rules prescribed by government authorities and 
having the force of law. 

a 

ai 
a, 
A 
A, 

AfP 
Afs 
AP 

APS 

61 
4 
b0 

Bl 
U2 

b 

b 

C 

C 
c, 
C2 
C3 

di 
dib 

dip 
d i s  

dg 
dnl 
d0 

d0P 
dOS 

d 

do b 

1.4 Symbols 
For the purposes of this International Standard, the 
general terminology and symbols indicated below 
shall apply. Throughout this International Standard, 
additional terminology and symbols have been in- 
cluded where necessary to meet the requirements 
of the specific text concerned. It should also be 
noted that in some clauses of section 3 (Design of 
the parts under pressure) the same additional sym- 
bol is used in different formulae to represent differ- 
ent terms. However, in all such cases, the special 
meaning of each symbol is indicated for each for- 
mula. 

Dimensions indicated in figures 14, 16 to 18, 43 and 47. 
Inner major axis of compensating plate. 
Outer major axis of compensating plate. 
Effective radiant heating surface (see figures I to 5 ) .  
Cross-sectional area effective as compensation without consideration of allow- 
ances. 
Cross-sectional area of branch effective as compensation. 
Cross-sectional area of reinforcing pad effective as compensation. 
Cross-sectional area of main body effective as compensation. 
Pressure-loaded area without consideration of allowances. 
Pressure-loaded area relative to branch. 
Pressure-loaded area relative to main body. 
Dimensions indicated in figures 14, 16 to 19, 34, 35, 43, 47 and 6.1. 
Minor axis of manhole. 
Inner minor axis of compensating plate. 
Outer minor axis of compensating plate. 
Distance from end plate of shell to centre of saddle. 
Width of saddle top plate. 
Corrosion allowance. 
Shape factor (figure 7). 
Constant depending on method of support as given in 3.14.2.4. 
Effective length of nozzle as given in 3.10.2 and figure 10. 
Factor for the calculation of stress at saddle support. 
Diameter of tube hole. 
Internal diameter. 
Internal diameter of branch. 
Diameter of inner periphery of circular pad or Compensating plate. 
Internal diameter of main body (cylindrical shell, spherical shell or dished head). 
Depth of welded-on girder stay. 
Mean diameter. 
Outside diameter. 
Outside diameter of branch. 
Diameter of outer periphery of circular pad or compensating plate. 
Outside diameter of main body. 

\ 

mm 
mm 
mm 
m2 

m m2 
mm2 
mm* 
mm2 
mm2 
m m2 
m m2 
mm 
mm 
mm 
mm 
mm 
mm 
mm 

mm 

mm 
mm 
mm 
mm 
min 
mm 
mm 
mm 
mm 
mm 
mm 
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Diameter of stay. 
Gasket mean diameter. 
Bolt circle diameter. 
Minimum wall thickness. 
Calculated wall thickness of branch or standpipe. 
Calculated wall thickness of furnace. 
Calculated wall thickness of end plate. 
Calculated wall thickness of main body (cylindrical or spherical shell or dished 
head). 
Calculated wall thickness of tube. 
Thickness of gusset stay. 
Actual wall thickness of branch or standpipe minus allowances for corrosion and 
min us tolerances. 
Actual wall thickness of flat end plate. 
Actual wall thickness of furnace. 
Effective wall thickness of reinforcing pad. 
Actual wall thickness of main body (cylindrical or spherical shell or dished head) 
minus allowances for corrosion and minus tolerances. 
Ordered tube thickness. 
Young's modulus of elasticity at design temperature. 
Nominal design stress. 
Existing mean stress. 
Existing mean stress between the centres of two openings. 
Allowable stress for the branch material. 
Combined stress at supports. 
Allowable stress for the reinforcing plate material. 
Allowable stress for the material of the main body. 
Calculation heat flux. 
Clear height as shown in figure 13. 
Gas mass flow rate in first pass tubes. 
Minimum width of gusset stay. 
Depth of curvature of dished head. 
Height of manhole frame. 
Length of skirt of dished head. 
Net heat input (burner heat release rate based on the net calorific value of the fuel 
plus any preheat). 
Second moment of area of one complete furnace corrugation about its neutral axis 
excluding corrosion allowance. 
Second moment of area of stiffeners. 
Thermal conductivity. 
Effective length of branch contributing to reinforcement. 
Effective length of inward projection of set-through branch contributing to re- 
inforcement. 
Effective width of reinforcing pad. 
Effective length of main body contributing to reinforcement. 
Distance between two effective points of furnace support. 

mm 
mm 
mm 
mm 
mm 
mm 
mm 

mm 
mm 
mm 

mm 
mm 
mm 
mm 

mm 
mm 
N/mm2 

W/m* 
mm 
kg/( m2.s) 
mm 
mm 
rnm 
mm 

W 

m m4 
m m4 
(W.mm)/( m2.K) 
mm 

mm 
mm 
mm 
mm 
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Shortest distance from the edge of the access opening to the centre-line of the 
stay furthest away from the access opening, or, where there is no access opening, 
half the maximum distance between the centre-lines of the stays. 
Distance between the rear plate of the reversal chamber and the boiler back end 
plate. 
Length of boiler between end plates. 
Length of leg of fillet weld around inner periphery of pad or compensating plate. 
Length of welded-on girders. 
Heated length of furnace. 
Length of leg of fillet weld around outer periphery of pad or compensating plate. 
Length of shell between end plates. 
Mean pitch of adjacent tubes. 
Calculation pressure. 
Centre-to-centre distance of adjacent openings, referred to wall centre, without 
allowances. 
Centre-to-centre distance of adjacent openings, offset by angle cp ,  referred to wall 
centre without allowances. 
Pitch of corrugations. 
Hydrostatic test pressure. 
Force on saddle. 
Inside radius of knuckle of dished head. 
Inside radius of curvature of dished head or spherical shell. 
Mean radius of shell. 
Outside radius of knuckle of dished head. 
Outside radius of curvature of dished head or spherical shell. 
Minimum tensile strength for the grade of material concerned at room tempera- 
ture. 
Minimum value of yield point (0,2 % proof stress) for the grade of material con- 
cerned at temperature t .  
Pitch of welded-on girders. 
Factor of safety. 
Factor of safety. 
Original cross-sectional area of test piece subjected to a tensile test. 
Calculation temperature. 
Maximum metal temperature. 
Saturation temperature corresponding to design pressure. 
Out-of-rou nd ness, or ova I ity . 
Weld factor. 
Depth of corrugations. 
Force exerted by the pressure on the end plate in the zone assumed to be sup- 
ported by the gusset. 
Stress reduction factor. 
Cross-sectional area of longitudinal section of furnace wall of length equal to one 
pitch and thickness e, - c. 
Factor determined from figure 18 using the ratio h/n. 
Angle of connecting lines between the centres of two openings relative to the axis 
of the main body. 

mm 

mm 
mm 
mm 
mm 
mm 
mm 
mm 
mrn 
N/mm2 

mm 

mm 
mm 
N/mm2 
N 
mm 
mm 
mm 
mm 
mm 
N/mm2 

N/mm2 
m rn 

mm* 
"C  
"C 
"C 
YO 

mm 

N 

m m2 

degree 
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Angle of inclination of branch relative to the normal to the circumferential line of 
the main body. degree 

$ 

O Angle subtended by the saddle. 

1.5 Information to be supplied by the 
purchaser and the manufacturer 

1.5.1 
purchaser 

Information to be supplied by the 

The purchaser shall disclose to the manufacturer at 
the time of the enquiry 

a) the name of the inspecting authority representing 
the purchaser, 

b) the conditions under which the boiler will be re- 
quired to operate (see 3.1.1 and annex A), and 

c) any special statutory or other regulations with 
which the boiler is required to comply (e.g. boiler 
laws in countries other than that of manufacture). 

See annex A for further information. 

degree 

1.5.2 Information to be supplied by the 
manufacturer 

Prior to the construction of a boiler or a series of 
boilers, the manufacturer of the boiler(s) shall sup- 
ply the inspecting authority with a list of materials, 
calculations for major design details and fully di- 
mensioned sectional drawings showing in full detail 
the construction of all the pressure parts of the 
boiler, including weld details (for further information, 
see annex B). The manufacturer shall also furnish 
certificates and documentation in accordance with 
7.1. 

The boiler manufacturer shall supply the purchaser 
with operating instructions appropriate to the 
equipment supplied. Where alternative methods of 
manufacture or testing are permitted by this Inter- 
national Standard, the manufacturer shall disclose 
to the purchaser or the inspecting authority, or both, 
the method selected by him before putting the work 
in hand. 
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Section 2: 

2.1 Introduction 

The provisions of section 2 cover 

a) plates, 

b) wrought seamless, electric resistance welded 
and induction welded tubes, 

c) forgings, and 

d) weld metal 

of carbon and carbon manganese steels for press- 
ure parts of shell boilers covered by this Inter- 
national Standard. 

NOTE 1 The word “tube” refers also to “pipe”. 
0 

2.2 General 

2.2.1 Basic materials 

2.2.1.1 Shell boilers shall be constructed from steel 
products selected in accordance with a), b) or c) as 
follows: 

a) steel products of the types listed in tablel,  
manufactured in accordance with IS0 2604-1, 
IS0 2604-2, I S 0  2604-3 or IS0 9328-2, and which 
cornply in all respects with the minimum re- 
quirements of this International standard; 

b) steel products of the types listed in table 1, 
manufactured in accordance with national stan- 
dards or specifications, provided that these 
comply in all respects with the appropriate part 
of IS0 2604 or IS0 9328 for the steel type con- 
cerned and with the minimum requirements of 
this section; 

c) steel products of the types listed in tab le l ,  
manufactured in accordance with national stan- 
dards or specifications which do not comply in 
all respects with the requirements of the appro- 
priate part of IS0 2604 or IS0 9328, provided that 
these comply in all respects with the minimum 
requirements of this section and are agreed be- 
tween the interested parties.*) 

Subsequent references to IS0 2604 or IS0 9328 
throughout this section shall be considered also to 

Materials 

include such non-IS0 speci..:ations referred to un- 
der b) and c) above. 

2.2.1.2 Furnaces with a mean diameter not ex- 
ceeding 1400 mm shall be made either from piate 
to IS0 9328-2 steel types PH 265 or PH 290, or from 
hot-finished seamless steel tube to IS0 2604-2, 
TS 9H. 

Furnaces with a mean diameter exceeding 1400 mm 
shall be made from steel plate with a minimum per- 
centage elongation of 24 % determined with refer- 
ence to a gauge length of 5,65&. 

2.2.1.3 Cylindrical shells shall be manufactured 
from plate material only. Plate cut from strip shall 
be permitted provided that all the requirements for 
plate in this section are complied with. 

2.2.2 Weld metal 

In the absence of International Standards for the 
composition and properties of weld metal suitable 
for use with the various grades of steels covered in 
2.2.1, the welding process and weld metal (elec- 
trodes, filler wire, etc.) to be used shall be agreed 
between the parties concerned as suitable for the 
parent metals concerned and for the design con- 
ditions of the vessel. This agreement shall take ac- 
count of successful past service and/or test results 
on the weld metal. Where relevant national stan- 
dards or specifications exist, the weld materials 
shall comply with these. The mechanical properties 
of the weld metal shall in all cases meet the re- 
quirements of 5.2.2 and 5.10 and also such other re- 
quirements as may be agreed between the parties. 

2.3 Manufacture of the steel 

2.3.1 Steel-making process 

The steel shall be produced by the open-hearth, 
electric or one of the basic oxygen processes, or by 
a combination of these processes. Other processes 
may be used by agreement between the interested 
parties, who shall be informed of the steel-making 
process used. 

2.3.2 De-oxidation 

Rimming steels and semi-killed steels shall not be 
permitted. 

2) The circumstances of each instance, including any relevant contractual or regulatory requirements, will determine 
which of the interested parties (defined in section 1)  are concerned in the agreements referred to in section 2. 
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2.4 Forgings 

In the case of forgings, the steel shall be forged by 
hammering, drop forging, pressing, ring rolling, 
extruding, upsetting, or by any combination of these 
processes. Forging reduction shall be carried out 
under a tool of sufficient power and to an extent that 
will ensure ample working of the metal throughout 
its section. The forgings shall be brought, as nearly 
as practicable, to the finished shape and size by hot 
working . 

2.7 Mechanical properties 

2.5 Heat treatment 

2.5.1 Plates and forgings shall be supplied in a 
heat-treated condition appropriate to the steel type 
as specified in the applicable International Standard, 
unless otherwise agreed by the interested parties. 
For plates, the application of controlled tempera- 
tures during or after rolling may take the place of 
normalizing, provided that this is permitted for the 
steel type concerned in the International material 
Standard, that the specified material properties 
would be complied with after an additional normal- 
izing treatment, and that no contrary agreements 
have been made between the interested parties at 
the time of enquiry and order. 

2.5.2 Unless otherwise agreed between the inter- 
ested parties, seamless and welded tubes shall be 
supplied in one of the conditions appropriate to the 
steel type as specified in the applicable International 
Standard. 

2.6 Chemical composition 

2.6.1 For steels intended for welding, the upper 
limit of the carbon range (in the cast analysis) 
should, in general, not exceed 0,23 YO. For steels 
with a carbon content higher than 0,23 Yo and up to 
a maximum of 0,25 YO, which are intended for weld- 
ing, welding procedures should be specially agreed 
between the parties concerned at the time of en- 
quiry and order (see also 5.1.1 and 5.8.1). 

2.6.2 In the cast analysis, phosphorous and sulfur 
contents shall not exceed 0,035 Yo and 0,030 Yo re- 
spectively. 

2.6.3 If the interested parties consider that the 
level of particular residual elements, not already 
specified in the applicable International Standard, is 
important in relation to the mechanical and techno- 
logical properties of the steel, an upper limit of the 
residual elements should be agreed between the 
parties concerned and shall be specified in the or- 
der. 

2.7.1 Values for the mechanical properties used in 
the design of shell boilers shall be as specified in 
the applicable International Standard. The values 
specified shall cover the appropriate range of ser- 
vice temperature. 

2.7.2 For all products the mechanical properties 
at room temperature shall be specified. These are 
the tensile strength range, the minimum specified 
yield strength, the minimum percentage elongation 
after fracture, and for tubes the test category and, 
where specified, the minimum impact test value 
(average of three tests). 

2.7.2.1 The specified minimum tensile strength 
shall be not less than that given in table1 for the 
corresponding products; the maximum tensile 
strength shall not exceed the minimum tensile 
strength by more than 120 Nimm2 and shall in no 
case be higher than 580 N/mm*. 

0 

2.7.2.2 The specified minimum percentage elon- 
gation after fracture referred to a gauge length of 
5,65& and, where specified, the minimum re- 
quirements for the impact, flattening, bend, drift ex- 
panding or flanging tests shall be appropriate to the 
type of steel and comparable to the value given in 
the International Standard [see 2.2.1.1 a)] for steels 
with a similar lower limit of the specified tensile 
strength range. 

A minimum impact energy value of 27 J shall be 
obtained when testing transverse V-notch test 
pieces. 

2.7.3 For all products the minimum 0,2 % proof 
stress at elevated temperature shall be 
specified. a 
2.7.3.1 When a sufficient amount of data is avail- 
able, the minim um elevated-tem perat u re proof 
stress values shall be derived in accordance with 
IS0 2605-1. 

2.7.3.2 When only limited amounts of data are 
available, the minimum elevated-temperature proof 
stress values shall be derived in accordance with 
IS0 2605-3. 

2.7.3.3 Minimum elevated-temperature proof stress 
values not derived according to 2.7.3.1 or 2.7.3.2 may 
also be used provided that 

a) they are adopted for an International Standard 
for products for pressure purposes, or 

b) they are listed in a national standard and are 
verified, where necessary, in accordance with 
2.8. 
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2.8 Verification procedures 

2.8.1 The compliance of the steel with the specifi- 
cations for its chemical composition shall be verified 
by a cast analysis. 

2.8.2 The specified room temperature properties 
shall be verified by acceptance tests. 

For the verification of the yield strength, the upper 
yield stress Re, or the 0,5 YO total elongation proof 
stress R,,,, shall be measured, and the material 
specification is complied with in this respect if either 
value satisfies the specified value of yield strength. 

2.8.3 The minimum elevated-temperature proof 
stress values shall be verified, where necessary, by 

a) elevated-temperature acceptance testing in ac- 
cordance with the appropriate part of IS0 2604, 
or 

b) the procedure given in IS0 2605-1:1976, 
clause 3, or 

c) a verification procedure acknowledged by the 
interested parties as equivalent to the verifi- 
cation procedure given in IS0 2605-1:1976, 
clause 3. 

2.8.4 Where steel products are manufactured and 
supplied in accordance with IS0 2604, IS0 9328-2 or 
an equivalent national standard giving elevated- 
temperature proof stress values which do not ex- 
ceed the values specified in IS0 2604 or IS0 9328-2 
for a comparable steel, then the proof stress values 
specified in IS0 2604, IS0 9328-2 or in the equivalent 
national standard as appropriate, may be used for 

Elevated-temperature acceptance testing in accord- 
ance with 2.8.3a) shall be carried out only if so 
specified at the time the steel is ordered. 

0 design purposes without verification. 

2.8.5 Where steel products are manufactured and 
supplied in accordance with a national standard 
which gives elevated-temperature proof stress val- 
ues greater than the values specified in IS0 2604 or 
I S 0  9328-2 for a comparable steel, then the values 
shall be verified in accordance with 2.8.3. 

2.9 General rules for carrying out 
acceptance tests 

Acceptance lests shall be carried out in accordance 
with the general rules given in IS0 2604-1, 
I S 0  2604-2, IS0 2604-3 or I S 0  9328-1 as appropriate. 

2.10 Number, selection and preparation 
of samples and test pieces 

The number, selection and preparation of samples 
and test pieces shall be in accordance with the ap- 
propriate part of IS0 2604 or with IS0 9328-1 except 
where otherwise stated in the following subclauses. 

2.10.1 The minimum test requirements for tubes 
a re 

visual inspection, 

hydraulic test, 

tensile test. and 

flattening or bend test. 

Additionally, when tubes are to be expanded or 
swaged, a drift expanding or flanging test shall be 
carried out. 

2.10.2 Impact tests on tubes are not required. 

2.10.3 Every plate, tube and forging shall be in- 
spected visually and appropriate checks shall be 
made for compliance with the dimensional toler- 
ances. 

2.11 Method of testing 

2.11.1 The tests shall be made in accordance with 
the relevant International Standards. If no appropri- 
ate International Standard exists, the methods to be 
used shall be agreed upon between the interested 
parties and specified at the time of enquiry and or- 
der. 

2.1 1.2 For elevated-temperature tests, the testing 
temperature shall be agreed upon between the in- 
terested parties at the time of enquiry and order. 

2.12 Retests 

Retests shall be carried out in accordance with the 
corresponding specifications in the appropriate 
parts of IS0 2604 or in IS0 9328-1. 

2.1 3 Documents 

2.13.1 For all steel products, the type of inspection 
certificate or inspection report (see IS0  10474:1991, 
section 3) shall be agreed by the interested parties 
at the time of enquiry and order. 

NOTE 2 
annex E. 

Use may be made of the model form given in 
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2.13.2 For steels with a specified minimum tensile spection and testing shall be carried out in the 
strength of less than 460 N/mm*, it may be satisfac- 
tory to select inspection certificate 3.1.B in accord- 
ance with IS0 10474:1991, namely that inspection 
and testing shall be carried out by the qualified de- 
partment of the steel manufacturer’s works. 

2.13.3 For steels with a specified minimum tensile 
strength equal to or greater than 460 N/mm2, in- The products shall be marked in accordance with 
spection report 3.2 in accordance with the requirements of IS0 2604-1, IS0 2604-2, 
IS0 10474:1991 shall be selected except that the in- IS0 2604-3 or IS0 9328-1 as appropriate. 

presence of the inspecting authority. 

2.14 Marking 

Tensile strength R, 1) 

320 to 440 
360 to 480 
410 to 530 
460 to 580 

Table 1 - Internationally standardized steel types for shell boilers 
Steel types 

Plates Tubes Tubes Forgings 
seamless electric resistance or 

induction welded 
in accordance with 

IS0 9328-2 2) IS0 2604-2 2 )  IS0  2604-3 2) I S 0  2604-1 2) 

- TS 23) - - 
- TS 5 T w 5  - 

PH 265 TS 9H iW 9H F8, F9 
PH 290 - - - 

1 )  The tensile strength values given in this table are for classification purposes only. The governing specifications are 
those given in the appropriate product standard. 
2) Or in accordance with 2.2.1.1 b) or c). 
3) TS 2 material may be used anly for smoke tubes. 
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Section 3: Design of the parts under pressure 

3.1.1 Boilers 

The requirements in this International Standard ap- 
ply to boilers constructed throughout under the 
conditions specified herein and which are to be op- 
erated under normal operating conditions, with good 
feed-water and boiler water in accordance with an- 
nex D, and under adequate supervision. Where risk 
of abnormal working conditions, such as severe 
cyclic service, is foreseen, the design shall be given 
special consideration and shall be made known to 
the inspecting authority. 

3.1.2 Generators 

For hot-water generators and superhot-water gen- 
erators, the difference between the starting tem- 
perature (outlet) and the return temperature (inlet) 
should not exceed 30 OC. If the difference between 
the flow and return temperature is greater than 
30 OC, either internal or external mixing devices 
shall be used to limit the differential temperature 
within the boiler to 30 OC. 

The difference between the saturation temperature 
corresponding to the total gauge pressure and the 
inlet temperature shall not exceed 80 OC. For differ- 
ences over 60 OC, the breathing spaces given in 
3.14.1 shall be increased by 5 0  %, and the maximum 
net heat input shall be reduced by at least 20 YO to 
allow for the reduction of the cold-water cooling 
conditions and the increase in heat input due to the 
large temperature differences, unless other ar- 
rangements are used to the same end. 

3.1.3 Design of principal welded seams 

3.1.3.1 The types of weld employed in the design 
of the boiler shall be in accordance with 5.3.2.5. 
Welds which are subjected to non-destructive test- 
ing in accordance with the requirements of this In- 
ternational Standard shall be designed so that the 
required tests can be properly carried out. 

3.1.3.2 The value of the weld factor v used in the 
calculation for the shell thickness shall be either 0,8 
or 1 depending on the extent of testing to be carried 
out (see 3.7.1, 5.5.5.1 and 5.8.17.1). 

3.2 Design pressure 

The design pressure is the maximum allowable set 
pressure of the safety valves. 

3.3 Calculation pressure 

The calculation pressure shall be taken as the de- 
sign pressure plus the hydrostatic head where this 
exceeds 3 YO of the design pressure. 

3.4 Calculatlon temperature 

The calculation temperature shall be the mean 
metal temperature and shall be determined as 
specified in a) to e) below. In no case shall it be less 
than 150 OC. 

a) For shells, drums and other components not de- 
signed for heat transfer purposes, the calculation 
temperature shall be not less than the saturation 
temperature corresponding to the design press- 
ure. 

b) For smoke tubes, the calculation temperature 
shall be determined in accordance with the fol- 
lowing equations: 

. . . (3.1) t = (t, + 2 4  
or 

t = (t, + 25) . . . (3.2) 
whichever is the greater, with a minimum of 
250 OC. 

c) The calculation temperature for plain areas of 
plate not swept by flame, or for tube nest areas 
where the gas entry temperature is not greater 
than 800 OC, shall be determined in accordance 
with the equation 

t = (t, + 50) . . . (3.3) 

or equation (3.1): 
t = (t, + 2 4  

whichever is the greater, with a minimum of 
250 OC. Combustion is to be completed in the 
furnace. 

d) For tube plates subject to gas entry temperatures 
exceeding 800 "C in fired boilers using fossil 
fuels, including natural gas, the calculation tem- 
perature shall be determined in accordance with 
annex C, using the true gas entry temperature 
tG determined from the following equation with a 
minimum of 250 OC: 

0,25 

to = 51( f - )  . . . (3.4) 
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For fuels where the true gas entry temperature 
is higher than that obtained with natural gas, and 
for waste-heat boilers, the calculation tempera- 
ture shall be determined in accordance with an- 
nex C. 

The maximum metal temperature as determined 
in accordance with annex C shall not exceed 
420 "C. 

These requirements are based on good contact 
between smoke tubes and tube sheet. Where this 
cannot be ensured, the following limitations ap- 
ply [see figure 3201: 

1) the depth of the connecting weld between 
smoke tubes and tube sheet shall be greater 
than or equal to the wall thickness of the 
smoke tube plus 2 mm; 

2) the length of the gap, measured from the root 
of the weld, shall be less than or equal to four 
times the wall thickness of the smoke tube. 

e) The calculation temperature for furnaces shall 
be determined in accordance with the following 
equation 

t = ts + 4e + 15 . . . (3.5) 

with a minimum of 250 "C. 

Equation (3.5) gives the calculated temperature 
for the purpose of determining the nominal de- 
sign stress and does not represent the maximum 
m eta I t em perat u re. 

3.5 Furnaces 

In order to ensure safe burnerlboiler combinations, 
the net heat input for a given furnace tube inside 
diameter shall not exceed the value given in 
figure 6. On/off type burners (100 % to O YO) shall not 
be used for heat inputs exceeding 1 MW per furnace. 

Deviation from the values given in figure6, and net 
heat input values greater than 11,5 MW, are permit- 
ted by agreement between the interested parties: 
mainly the boiler manufacturer, the burner manu- 
facturer and the inspecting authority. 

The agreement, and all conditions on which it is 
based, shall be stated in the boiler certificate and 
made known to the user. 

When boilers are designed with net heat input 
greater than 11,5 MW, special consideration shall be 
given in the determination of the calculated tem- 
perature, maximum heat flux, breathing spaces and 
possible smoke tube suppori. 

The length of the refractory should not be greater 
than 400mrn measured from the end of the 
atomizer. 

3.6 Nominal design stress 

The nominal design stressfshall be the lower of the 
values obtained from the following ratios: 

NOTE 3 The term "nominal design stress", designated 
by the symbol is the stress to be used in the equations 
herein for the design of pressure parts. The detailed de- 
sign rules in section 3 will maintain the actual maximum 
stresses within acceptable limits for the type of loading 
considered. 

3.7 Cylindrical shells under internal 
pressure 

3.7.1 
only 

Minimum thickness for pressure loading 

Subject to the conditions specified in 3.7.2, the 
minimum thickness e for pressure loading only shall 
be calculated from the following equations: 

. . . (3.6) e = e,, + c 

where 
c = 0,75 mm (corrosion allowance); 

(3.7) 

When calculating e, any negative thickness toler- 
ances shall be taken into account. 

For boilers having an outside shell diameter greater 
than 1000 mm the shell wall shall not be less than 
6 mm thick. 

For boilers having an outside shell diameter equal 
to or less than 1 O00 mm the shell wall shall not be 
less than 4 mm or (ecs f c) mm thick, whichever is 
the greater. 

The value of the weld factor v shall depend on the 
extent of non-destructive testing of the longitudinal 
welded seam in accordance with 3.1.3.2 and 5.5.5.1. 

3.7.2 Conditions of application of 
formulae (3.6) and (3.7) 

Formulae (3.6) and (3.7) (see 3.7.1) shall apply only 
if the following conditions are fufilled. 

a) The ratio of the outside radius to the inside ra- 
dius does not exceed 1,5. 

b) At the welded seams the mid-thickness lines are 
an extension of each other within the alignment 
tolerances specified in 5.8.10. 
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c) A cylindrical shell shall conform to the tolerances 
specified in 4.3.2. 

3.8 Unstayed dished heads without 
openings 

3.8.1 
pressure 

Unstayed dished heads under internal 

The minimum thickness of unstayed dished heads 
without openings shall be in accordance with 
equation (3.6) 

e = e,, -t c 

where c = 0,75 mm (corrosion allowance), and the 
following equation: 

In addition, the thickness of a torispherical head 
shall not be less than that given by equation (3.6) 

e = e,, + c 

where c = 0,75 mm (corrosion allowance), and the 
following equation: 

The shape factor C for unstayed dished heads with- 
out openings shall be as given in figure7. However, 
the limiting conditions given in 3.8.2 shall apply. 

3.8.2 Limiting conditions 

0 a) Hemispherical heads 

0,005d0 a;, e,$ Q 0,16d0 

b) Ellipsoidal heads 

0,005d0 < e,, a 0,08d0 

h, & 0,18d0 

c) Torispherical heads 

0,005d0 G e,, a 0,08d0 

5, > 0,ldo 

q k  2 2ec$ 

Yi, a do 

12, 2 O,18d0 

or 

O,O1do ecs < 0,03d0 

f'ik 3 O,ldo 

h, = 0,18d0 

or 

0,02d0 4 e,, Q 0,03d0 

c k  2 O,Ido 

0,18d0 4 h, Q 0,22d, 

The two relationships in b) and the three or five re- 
lationships in c) shall be fulfilled simultaneously. 

3.8.3 Unstayed dished heads under external 
pressure 

The calculation pressure p shall be the lower of the 
values obtained from the following equations: 

(3.10) 

2 
P =  0,8E x (2) . . . (3.11) 

9 + 0,006( -> e,, 

In addition, the thickness of torispherical and 
ellipsoidal heads under external pressure shall be 
not less than 1,2 times the thickness required for a 
head of the same shape subject to internal pressure 
(see 3.8.1), with or without openings reinforced ac- 
cording to 3.9. 

3.9 Design of openings in cylindrical 
shells, spherical shells and dished heads 

3.9.1 General 

3,9.4.1 The design methods specified in 3.9.2 to 
3.9.4 shall apply to cylindrical shells, spherical 
shells and dished heads having circular or elliptical 
openings, where the assumptions and conditions 
specified in 3.9.1.2 to 3.9.1.9 have been taken into 
consideration. 

Forces/moments caused by loads arising from 
sources other than internal pressure are not in- 
cluded when calculating reinforcements. 

3.9.4.2 Cylindrical shells, spherical shells and 
dished heads with openings shall be reinforced 
where necessary. The reinforcement of the main 
body can be obtained by the following measures: 

13 
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a) by an increased wall thickness of the main body 
compared with thal of the shell without openings 
[see figures 8 a) and 8 b)]; 

b) by set-on welded compensating plates [see fig- 
ures 8 c) and 8 d)]; 

c) by set-in welded pads [see figures se) and 8 9 3  

d) by set-on or set-in welded branches [see figures 
8 g) and 8 h)]; 

e) by combinations of the above-mentioned meas- 
ures [see figures 8 i) and 8 j)]. 

3.9.1.3 The reinforcement areas of the main body 
with openings cannot be calculated directly but shall 
be assumed in the first instance. That assumption 
may be verified by means of the methods laid down. 
The applied method is derived from formula (3.7) for 
cylindrical shells and from formula (3.8) for spherical 
shells and spherical sections of dished heads re- 
spectively and leads to relationships between a 
pressure-loaded area A, and a stress-loaded cross- 
sectional area A,. Under certain circumstances the 
calculation may need to be repeated using a cor- 
rected assumption of the reinforcement area. 

3.9.1.4 Where necessary, sufficient reinforcement 
shall be provided in all planes through the axis of 
the opening or branch. 

3.9.1.5 For cylindrical shells and spherical shells, 
the ratio between the internal diameters of the 
opening or branch and of the main body shall fulfill 
the condition 

d,,ld,s a 095 
For dished heads, the openings or branches shall 
be located within the spherical portion of the head. 

3.9.1.6 In the case of elliptical openings, the ratio 
between the major and the minor axis shall not ex- 
ceed 1,5. For elliptical openings in cylindrical shells, 
the axis extending in the direction of the longitudinal 
axis of the shell shall be taken as the diameter for 
design purposes. For elliptical openings in spherical 
shells, the major axis shall be so taken. 

3.9.1.7 If the main body and the reinforcement 
consist of materials with different allowable stresses 
and if the lowest allowable stress f applies to the 
material of the main body, that stress governs for 
the calculation of the entire design, provided that the 
ductility of the reinforcement is not significantly 
lower than that of the main body. 

3.9.1.8 Set-in or set-on welded branches which are 
fillet welded without full penetration [see figures 
8n) and 80)] shall not be considered as reinforce- 
ment and shall be calculated in accordance with 
3.9.2.1. 

3.9.1.9 Reinforcement of openings by compensat- 
ing plates is permitted only under the following 
conditions: 

diameter ratio &/dis Q 0,3 

opening temperature a 250 "C 

When any part of a compensating plate with an outer 
diameter do, > 200 mm is situated below the boiler 
water level, any insulation covering the compensat- 
ing plate shall be capable of being removed for 
periodic inspection. 

3.9.2 Cylindrical shells, spherical shells and 
dished heads with isolated openings 

O 

3.9.2.1 Reinforcement by increased wall thickness 

The reinforcement can be attained by an increased 
wall thickness of the main body, compared with that 
without openings. This wall thickness shall exist at 
least up to a distance 

. . . (3.12) 

measured from the edge of the opening, as shown 
in figures 8 a) and 8 b). 

Fcrthermore the following condition also applies: 

(3.13) 

O 3.9.2.2 Reinforcement of isolated openings by 
compensating plates 

Compensating plates shall have close contact with 
the main body. 

The width of compensating plates Irp considered as 
contributing to the reinforcement, and used to de- 
termine A,, in formulae (3.16) and (3.17), shall not 
exceed irs: 

zrp Q 4, = JEF-aG- . . . (3.14) 

according to figures 8 c) and 8 d) 

The value of e, used to determine Arp in 
formulae (3.16) an8 (3.17) shall not exceed ers, and 
the actual thickness of the compensating plates 
shall not exceed twice the actual wall thickness of 
the main body: 

erp 2ers . .  . (3.15) 
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The following conditions shall apply when the al- 
lowable stress f, for the material of the main body 
is equal to or lower than the allowable stress4 for 
the material of the compensating plate: 

. . . (3.16) 

Otherwise the following condition applies: 

3.9.2.3 Reinforcement of isolated openings by pads 

Only pads of the set-in welded type in accordance 
with figures 8 e) and 8 9 shall be used, and when the 
following width/thickness relationships occur simul- 
taneously, the boiler shall be stress relieved: 

lrp 2,5ers 

er, > 3ers 

The width of the pads Ir, considered as contributing 
to the reinforcement, and used to determine A,, in 
formulae (3.18) and (3.19), shall not exceed Ir,: 

The value of er, used to determine A,, in 
formulae (3.18) and (3.19) shall not exceed twice ers. 

The following conditions shall apply when the al- 
lowable stressS, for the material of the main body 
is equal to or lower than the allowable stress& for 
the material of the pad: 

Otherwise the following condition applies: 

. . . (3.18) 

(L - $)Afs + (h - +)Al, PA, . . . 

3.9.2.4 Reinforcement of isolated openings by 
branches 

(3.19) 

The wall thickness of branches (nozzles) shall be in 
excess of the thickness calculated to withstand 
internai pressure for a length lrb measured from the 
exterior wall of the main body [see figures 8g) and 
8 h)]. This requirement is independent of any re- 
inforcement provided either by increasing the wall 
thickness of the main body or by fitting compensat- 
ing plates [see figures 8 i) and 8 j)]. 

The maximum value of the branch or nozzle thick- 
ness er,, shall be not greater than twice the shell 
thickness ers up to a diameter ratio of 0,2: 

Q 0,2 Q 2ers for - . . . (3.20) 

The maximum value of the branch or nozzle thick- 
ness er, shall be not greater than the shell thickness 
ers for diameter ratios greater than 0,7: 

dib  

4 s 

. . . (3.21) dib 
erb Q ers for - > 0,7 di, 

Between the limits db/diS=O,2 and 0 , 7 ,  the maxi- 
mum value of er, in terms of ers shall be determined 
by linear interpolation [see figure 8 k)]. 

The above-mentioned conditions governing the wall 
thickness ratio shall not apply to access and in- 
spection openings. 

3.9.2.4,l isolated openings with vertically arranged 
branch connections 

3.9,2.4.1.1 The following conditions apply for a ver- 
tical branch connection without reinforcing plate 

. . (3.22) 

and with reinforcing plate 

The areas A,, A,,, A,,, and A,, shall be determined in 
accordance with figures 8g) to S i ) ,  where the 
lengths contributing to the reinforcement shall be 
not more than 

4 s  = J ( d o s  - e&rs 

for the shell, and 

lrb = o*8J(dob - erb)erb . . . (3.24) 

for the branch. 

The maximum value to be used in the calculation of 
the part extending inside, if any, in the case of set- 
through branches [see figures 8 h) to 8 j)] shall be 

. . . (3.25) 

The dimensions of the reinforcing plate to be used 
in the calculation shall be 

lrbi = 0,51rb 

erp Q ers 

and 

4, Q 4 s  
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~ The shells following lying in items a plane apply perpendicular to branches on to ( f , -$ )&+ (fbl - $ ) ' h l  + ( f b 2 - 5 ) A i b 2  

P 
l 2 2 [ n p s ( l  + cos2v>) f 2ApbI + 2npb2] . . . (3.30) ~ 

tudinal axis of the shell and having an 
formed with the normal, which shall not excded 50". 

3.9.2.4.1.2 Formulae (3.22) and (3.23) apply1 only 
when the allowable stress f, for the material pf the 
main body is equal to or lower than the allowable 
stress fb for the branch and &, for the reinforcing 
plate. 

lower than the allowable stress f, of the main 
the following conditions shall apply: 

body, 

and with reinforcing plate 

3.9.2.4.2.2 Spherical shells with a non-radial branch 

Where branches in spherical shells lie in a plane 
that contains the axis of the branch and the centre 
of the spherical shell, using the symbols shown in 
figure 9 b), spherical shells with a branch not radially 
arranged shall be calculated in accordance with 
3.9.2.4.1. 

3.9.3 Cylindrical shells, spherical shells and 
dished heads with multiple openings and 
branches 

I . . I. (3.27) 

The allowable stresses fb and f p  to be used in for- 
mulae (3.26) and (3.27) shall not exceed the value 
off,. 

, 

(3.26) 
3.9.3.1 
and branches 

Cylindrical shells with multiple openings 

3.9.2.4.1.4 Formed branches in cylindrical shells, 
spherical shells and dished heads as shown, in fig- 
ures 8 I) and 8 m) may be calculated in accordance 
with formula (3.22). The areas A ,  and A, to be used 
therein shall be determined as shown in figures 8 I) 
and 8 m) where A, shall be multiplied by 0,9 to com- 
pensate for manufacturing inaccuracies. The lengths 
I,, and Irb contributing to the reinforcement Sihall be 
in accordance with formulae (3.12) and (3.24)l 

3.9.2.4.2 Isolated openings with non-radial branch 
connections 

~ 

3.9.3.1.1 Adjacent openings or branches may be 
regarded as single openings or single branches, i f  
the centre-to-centre distance &(+, as shown in 
figure 9 c) complies with the relation 

dobl + + 24- . . . (3.28) Pbv 2 2 

3.9.3.1.2 Where Pbip is smaller, the following 
strength consideration 

1 
ADS 7 + Cos2p) + A D b l  + Aübî + L '  

+ Afbl f Afb2 
&,=P 

. . . (3.29) 

applies in addition to 3.9.2.4.1.1 to 3.9.2.4.1.3 for the 
cross-section extending through the adjacent 
openings or branches at the angle p with the longi- 
tudinal axis of the cylindrical shell in accordance 
with figure 9 c). 

P 
2 +- af  

3.9.3.1.3 Where the cylindrical shell, branch and 
reinforcement consist of materials having different 
allowable stresses and where the allowable stress 
of the branch is less than that of the cylindrical shell, 
the following applies in accordance with figure 9 c): 

3.9.2.4.2.1 Cylindrical shells with a non-radial 
branch 

The higher stress may occur in the lateral section 
or in the longitudinal section [see figurega)]. For- 
mula (3.18) or (3.26) shall apply to both cases with 
the areas Ap and A,, [as shown in the lateiral and 
longitudinal sections of figure 9 a)] to be use' in the 
calculation. 

The maximum length considered as contrib ting to 
the reinforcement shall be evaluated for tde main 
body in accordance with formula (3.12), and for the 
branch in accordance with formula (3.24). 

U 
Where the allowable stress of the material of the 
cylindrical shell is less than that of the material of 
the branches, the procedure to be followed shall 
comply with the appropriate requirements in 
3.9.2.4.1.2. 

3.9.3.1.4 For adjacent openings or branches with 
identical diameter, made of materials with identical 
allowable stress and with smaller centre-to-centre 
distances pb(+, than that obtained from formula (3.28), 
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i 

the following will result according to figure9c) at 
Apbl and Afb l  = 

. . . (3.31) P 
2 + - G f  

Where materials with different allowable stress are 
used, the procedure to be followed shall be gov- 
erned by the appropriate requirements given in 
3.9.3.1.3 for the use of formula (3.30). 

3.9.3.1.5 For groups of holes, the strength con- 
sideration shall be conducted for the ligaments ex- 
tending in longitudinal, circumferential and diagonal 
directions. 

3.9.3.1.6 The requirements of 3.9.3.1.1 to 3.9.3.1.5 
shall be permitted to be used for adjacent branches 
not radially arranged. 

3.9.3.2 Spherical shells and dished heads with 
multiple openings and branches 

Adjacent openings or branches may be treated as 
an isolated opening or an isolated branch, if the 
length of the arc & as per figure 9 d) complies with 
the relation 

x (ros - $) + 2&2rOs - ers) ers . . . (3.32) 

where the argument of arcsin is in radians. 

Where fib does not comply with formula (3.32), the 
strength calculation shall be carried out as follows: 

When the branch material has a higher allowable 
stress than the material of the spherical shell or 
dished head, then the appropriate relationships in 
3.9.2.4.1.2 shall apply. 

If the allowable stress of the branches is lower than 
that of the dished head or the spherical shell, then 
the following relationship shall apply: 

+ (h2 - $ ) A î b 2  PA, . . .  (3.34) 

3.9.4 Design of large isolated openings in 
headers or tubes with vertical branches or 
nozzles secured by welding 

3.9.4.1 These requirements apply to openings for 
branches or nozzles in headers or tubes with the 
following relationship: 

The relationships between the ratios erb/ers and 
dib/dis shall be in accordance with the requirements 
of 3.9.2.4, and formulae (3.20) and (3.21) as appro- 
priate. 

3.9.4.2 The rules for calculation given in 3.9.2.4.1.1 
shall be applied where appropriate, provided that 
the following additional condition is satisfied in the 
cross-section perpendicular to the axis of the main 
body (header or tube) in the transition zone of the 
main body and branch: 

(3.35) 

Where the main body and the branch are made from 
materials having different allowable stresses, the 
lowest value of f  shall be used. 

3.10 Design of isolated openings in shell 
boiler flat end plates 

3.10.1 Unreinforced openings 
w 

The maximum diameter of an unreinforced opening 
in a flat end plate shall be determined from the fol- 
lowing equation: 

/ \ 

3.10.2 Branch openings 

(3.36) 

Reinforcement for branch openings shall be 
achieved by taking account of locally disposed ma- 
terial, including the attachment welds, in excess of 
the minimum requirements for end plate and branch 
thickness as shown in figurelo. The branch thick- 
ness shall be increased where required. Compen- 
sation shall be considered adequate when the 
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c) Add to it the sectional area of the fillet wel,ds. 

d) Add to it the area obtained by muliiplyi& the 
difference between the actual flat end plate 
thickness and its thickness calculated fro'm for- 
mula (3.43) for the pari of the end plate under 
consideration by the length D. 

e) Add to it the area of the compensating plate (if 
any) within the limits of reinforcement shown in 
figure 10. 

Where material having a lower allowable stre s than 
that of the flat end plate is taken as compen ation, 
its effective area shall be reduced in the  ratio^ of the 
allowable stresses at the calculation temperature. 
No credit shall be taken for the additional strength 
of material having a higher allowable stress than 
that of the flat end plate. 

Welds attaching branches and compensating ~ plates 
shall be of sufficient size to transmit the 
of the reinforcing area and all other 
which they may be subjected. 

P 

I 

3.1 0.3 Manholes, headholes and handholes 

When elliptical manholes, headholes or handholes 
are located in flat end plates the openings shall be 
Compensated by flanging the edge of the opening 
or by the provision of a stiffening rinq (see 
figure 11). The method given in 3.10.2 for calculating 
the required area of reinforcement shall b used 

or stiffening ring esr shall be not less than 19 mm for 
manholes, 15 mm for headholes and 10mm for 
handholes. 

where applicable except that the width of the, e flange 

Area X shall be obtained by multiplying half the 
mean of the major and minor semi-axes of the 
opening by the thickness of the flat end plate, cal- 
culated from formula (3.43) for the part of the end 
plat e under con si de rat ion. 

The full width of the flange or stiffening ring may be 
used when calculating area Y .  

3.11 Fillet welds attaching Compensating 
plates to shells under internal pressure 

The sizes I,, of the inner fillet welds by which com- 
pensating plates are attached to shell plates (see 
figure 12) shall comply with the following relation- 
ship: 

LI 2 0,7erp . . . (3.37) 

e The sizes Lo of the outer peripheral fillet welds by 
which compensating plates (see figure12) are at- 
tached to shell plates shall be determined from the 
following equation, but shall in no case be less than 
the size of the inner fillet weld: 

(3.38) 

For elliptical compensating plates 

(3.39) 

(3.40) 

3.12 Minimum thickness of nozzles and 
branch connections 

The thickness of nozzles and branches shall be in 
accordance with 3.15.2, but the thickness shall be 
not less than given by the following equation: 

. . . (3.41) 

0 
e = (0,015d0, + 3,2) 2 4 

3.13 Access and inspection openings 

3.13.1 General requirements 

3.13.1.1 All boilers shall be provided with openings 
adequate in size and number to allow access for 
fabrication, cleaning and internal inspection (see the 
guidelines in 3.13.5.1). The dimensions of the 
openings shall be in accordance with 3.13.2 to 
3.13.4. 

3.13.1.2 Boilers with a shell diameter do of 
1400 mm or greater shall be designed to permit 
entry of a person and shall be provided with a 
rnanhole for this purpose. 
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Boilers with a shell diameter do less than 1400 mm, 
which are capable of being entered by a person, 
shall be provided with a manhole. Boilers with a 
shell diameter between 800 mm and 1400, mm shall 
be provided with a headhole as a minimum re- 
qui re ment. 

3.13.1.3 The number, size and location of access 
and inspection openings will vary according to the 
boiler design. The following guidelines are intended 
to ensure that a good representative visual exam- 
ination of the welded seams is possible. 

3.13.1.4 Detachable ends or covers may replace all 
the other examination holes if, by their dimensions 
and position, a general view of the interior is pro- 
vided which is at least equivalent to that obtained 
by the examination holes which otherwise would be 
required. 

3.13.2 Types and minimum dimensions of 
access and inspection openings 

Openings shall be elliptical or circular. See figures 
11 and 13a) to 13i). 

a) Handholes 

A handhole for cleaning shall be not less than 
80 mm x 100 mm or shall have an inside diam- 
eter of 100 mm. 

A handhole for inspection shall be not less than 
100 mm x 150 mm or shall have an inside diam- 
eter of 120 mm. The height of the neck or ring 
shall not exceed 65 mm, or 100 mm if the neck 
or ring is conical. 

b) Headholes 

Headholes shall be not less than 
220 mm x 320 mm cr shall have an inside diam- 
eter of 320 mm. The height of the neck or ring 
shall not exceed 100 mm, or 120 mm if the neck 
or ring is conical. 

c) Manholes 

In general, manholes should be not less than 
320 mm x 420 mm or should have an inside di- 
ameter of 420 mm. The height of the neck or ring 
shall not exceed 300 min. If in special cases 
manholes 300 mm x 400 mm are used, the re- 
quirements in the table of figure13h) shall be 
fulfilled. 

3.13.3 Minimum gasket bearing width and 
clearance for access and inspection doors 

Access and inspection doors of the type in which the 
internal pressure forces the door against a flat gas- 

ket shall have a minimum gasket bearing width of 
15 mm. The total clearance between the door frame 
and the spigot or recess of such doors shall not ex- 
ceed 3 mm, i.e. 1,5 mm all round, and the spigot 
depth shall be sufficient to trap the gasket. 

3.13.4 Access and inspection openings in flat 
plates 

Where access and inspection openings are located 
in flat plates, the openings shall be suitably rein- 
forced. Reinforcement shall be obtained by flanging 
the edge of the opening, or by the provision of a 
stiffening ring (see figure 11). 

3.13.5 Inspection requirements 

3.13.5.1 The efficiency of visual inspection depends 
in particular on the distance between eye and object 
and the angle under which the surface of the object 
is seen. Efficient visual inspection is best achieved 
by entering the boiler. The guidelines in this sub- 
clause are intended to ensure that a good visual 
examination of representative parts of the various 
welded seams is possible. It is recognized that it is 
not practicable to provide access for close visual 
inspection of every weld after the boiler has been 
constructed, particularly in the case of small boilers. 
However, it is also recognized that some parts of 
boilers are more prone than others to the occur- 
rence of cracking or corrosion. The following in- 
spection categories are arranged in order of relative 
importance and, for each category, appropriate fa- 
cilities for the inspection of representative parts 
shall be provided. Means of achieving various de- 
grees of visual inspection are illustrated in 
figure 13. 

a) Inspection category 1 

Corner welds (e.g. end plate to shell welds and 
furnace to end plate welds) except where hidden 
by tube nests. Attachment welds of stays and 
stiffeners. 

NOTE 4 In the case of category 1 inspection, the 
representative parts of the welds are those where 
high bending moments are likely to occur, and would 
typically include half of the end plate to shell welds 
and half of the end plate to furnace welds. 

b) inspection category 2 

All attachment welds not covered under a). 

All large components subjected to high heat flux 
(e.g. furnaces). 

Flanged corners where the boiler is not stayed 
end to end. 

All parts where deposits could accumulate. 
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Parts located in the vicinity of the water idlet or 
in the area where there are changes in the water 
level during operation and staybolts are used for 
anchoring. 

c) inspection category 3 

All attachment welds not covered under g) and 
b) which are exposed to low heat flux (fl e gas 
temperature less than or equal to 400 1 C) or 
which are not exposed to flame. 

The positions of inspection openings are based on 
two factors, the size of the opening and the length 
of the visual ray [see figure 13 g)] appropriate to the 
inspection category. These positions are shgwn in 
figures 13 c) to 13 9. 

3.13.5.2 In the case of circumferential corner velds, 
not more than one single length equal to half the 
shell outside diameter or a number of lengths 
totalling one shell outside diameter shall be hidden 
by tube nests. Where necessary, the tube nest shall 
have suitable inspection lanes and the shell shall 
have headholes or handholes in sufficient number. 

NOTE 5 In determining the hidden area betweep tubes 
and shell, it is assumed that the eye can be bro'ught to 
within 80 mm of the internal surface. 

3.13.5.3 In all cases it shall be possible to ilnspect 
the bottom of the shell and the longitudinal welds. 

I 

3.13.6 Requirements for entry to boiler6 with 
a shell outside diameter greater than 1400 mm 

3.13.6.1 The space available for entry along the 
length of the boiler shall include at least  one^ cross- 
section which is  comparable with one measuring 
600 mm diameter. This requirement may be con- 
sidered satisfied if the space includes an inscribed 
circle of at least 500 mm diameter and adjacent 
wedge-shaped spaces which guarantee sufficient 
freedom of movement. When entering along the 
bottom of the boiler (or in similar situations of 
movement, e.g. above tube assemblies), as he l l  as 
when climbing in through a bottom manhble, as 
shown in figure 13 i), or a top manhole, as sdown in 
figure 13 a), a clear height of 400 mm betwqen the 
boiler shell (manhole surround) and the tube as- 
sembly is sufficient, if one width of the entry space 
(if possible wedge shaped) is at least 600 mm. For 
smaller spaces, only the upper part of the body need 
enter as shown in figure 13 c). 

3.13.6.2 To pass from one inspection spake into 
another, for instance a lateral space, it is s fficient 

narrowest point [see figure 13 i)]. Figure 13 i)'merely 
explains the idea of such a "hole". The possible 
types need not all be available at the same time. 

to have a hole with a height of at least 300 m i l  at its 

3.13.7 Accessibility and arrangement of entry 
and inspection openings 

All entry and inspection openings shall be access- 
ible or shall be easily made accessible. When in- 
stalling pumps, valves, preheaters, frame 
constructions, foundations, etc., this shall be taken 
into account. In each case, the arrangement of the 
entry and inspection openings, along or at right an- 
gles to the boiler axis, shall be used to make the 
inspection conditions as favourable as possible. 

3.1 4 Stays, stiffeners and supported 
surfaces 

3.14.1 Breathing spaces 

Stays shall give breathing spaces around the fur- 
nace connections and tube nests (see figure 14) and 
equally divide the unstayed areas. Breathing spaces 
between furnaces and tube nests shall be a mini- 
mum of 50 mm or 5 YO of the shell outside diameter, 
whichever is the larger, but need not be more than 
100 mm. 

Breathing spaces between furnaces and shells shall 
be as given in table2 but shall be not less than 
50 mm or, for bowling hoop furnaces, not less than 
75 mm. 

Table 2 - Breathing spaces between furnaces and 
shells when the thickness of the end plate Is 25 mm 

or less 

Design 

In- 
serted 
flat 
ends 

Flanged 
ends 

Length 
between 

boiler end 
plates 

Lb 

m 

L, G 5,5 

5'5 I,, G 6 

8 < Z,, ZG 6,5 

any length 

I 
Breathing space 

of outside 
diameter 

1) But not less than 50 mm or, for bowling hoop fur- 
naces, not less than 75 mm. 

Breathing spaces between furnaces shall be not 
less than 120 mm. 

Breathing spaces between gusset or link stays and 
furnaces shall be not less than 200 mm, except for 

- a shell outside diameter greater than 1800 mm 
or a furnace length greater than 6000 mm, in 
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which case the breathing spaces shall be not 
less than 250 mm, and 

- a shell outside diameter less than 1400 mm or a 
furriace length less than 3000 mm, in which case 
the breathing spaces shall be not less than 
150 mm. 

Breathing spaces between gusset or link stays and 
tube nests shall be not less than 100 mm. 

All other breathing spaces shall be a minimum of 
50 mm or 3 Yo of the shell outside diameter which- 
ever is the larger but need not be more than 
100 mm. 

3.14.2 Stayed flat surfaces 

3.14.2.1 Radius of flange 

Where flat ends are flanged, the inside radius of 
flanging shall be at least 1,5 times the thickness of 
the plate, but not less than 35 mm. 

3.14.2.2 Point of support 

Where the flange curvature is a point of support, the 
point of support shall be taken at half the distance 
between the inside of the shell and the commence- 
ment of curvature, or at a line 3,5 times the thick- 
ness of the plate measured from the outside of the 
plate, whichever is nearer to the flange (see 
figure 15). Where a flat plate is welded directly to a 
shell or wrapper, the point of support shall be taken 
at the inside of the shell or wrapper plate. 

3.14.2.3 Thickness 

The thickness of those portions of flat plates sup- 
ported by stays shall be determined from the fol- 
lowing formulae: 

. . . (3.42) e = ec,, i- c 

(3.43) 

The corrosion allowance is 
c = 0,75 mm for e,, < 30 mm 

c = O mm for ecp > 30 mm 

For areas enclosed by circles which pass through 
four or more evenly distributed points of support, .y 
shall be taken as 1. 

For areas enclosed by circles which pass through 
three points of support (such that the centre of a 
sub-circle which passes through at least two points 
of support in accordance with figure 16 or 17 with a 
diameter equal to 0,75 times the diameter of the 

I 
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main circle, lies outside the main circle), y ,  taken 
from figure 18, shall be determined using dimen- 
sions a and b as indicated in figure 16 or 17. Where 
the main circle passes through three points of sup- 
port, not more than two of them shall lie on one side 
of any diameter. In this casey shall be taken as not 
less than 1,l. 

For unstayed areas of rectangular shape, the di- 
mensions u and b shall be as indicated in figure 14. 

3.14.2.4 Values of constant C, 

Where various forms of support apply to the portion 
of flat plate under consideration, the constant C, 
shall be the mean of the values for the respective 
methods adopted. 

The value of constant C, in formula (3.43) shall be 
as follows. 

Freely supported plates with locking de- 
vices, e.g. manhole covers 
Inset flat end plates, full penetration welded 
from one side 
Plates which are bolted along their circum- 
ference: 

when ratio DL/Db = 1 
when ratio DL/D, = 1,3 
when ratio D,/& is between 1 and 1,3, 
the values of the constant shall be de- 
termined by linear interpolation 

Flanged end plate 
Corner stays or bar stays 
Gusset stays in which the angle 8 is greater 
than 30" (see figure 19) 
Unstayed tube nest with plain tubes welded 
at both ends 
Plain furnace less than 6 m long 
Corrugated furnace with corrugation depths 
a 50 mm 

0,45 

0,45 

0,45 
03 

0,32 
0 3  

0,45 

0,3 
O, 3 

0,32 
Corrugated furnaces with corrugation 
depths > 50 mm: 

with a length Q 4 m 
with a length > 4 m 

0,35 
0,37 

Bowling hoop furnaces 0,35 
Isolated plain bar stays (see figure20) or 
isolated stay tubes (see figure 21) 0,45 
Non-isolated plain bar stays (see figure 20) 
or non-isolated stay tubes (see figure 21) 0,39 

Bar stays or stay tubes shall be con- 
sidered isolated if there are less than 
three in a group outside the tube nest. 

Bar stays with washers [see figures 22 a) 
and 22 b)] 0,35 

21 
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Bar stays with washers [see figures 22c) 
and 22d)l 
Reversal chamber bar stays (see figure 23) 
Reversal chamber access openings welded 
from both sides 
Reversal chamber access opening (where 
not possible to effect back weld) (see fig- 
ures 39 and 8.20) 
Flat unflanged end plates welded to the 
shell from both sides with the following end 
plate thickness to shell plate thickness ra- 
tios: 

Q 1,4 
=- 1,4 G 1,6 
> 1,6 Q 1,8 
> 1,8 Q 2 

Flat surface of reversal chamber reinforced 
by stiffeners continuously welded above or 
flush stiffeners equipped with waterways 
[see figures 24a) to 24e)J. For a stiffener 
height of between six and eight times its 
thickness 
Portion of unheated end plates containing 
a manhole with reinforcing ring (see 

0,33 
0,39 

0 3  

0,45 

0,33 
0,36 
0,39 
0,42 

figure I l ) ,  when the distance 6om the edge 
of the manhole ring to the edge of the fur- 
nace, smoke tubes or shell is not more than 
four times the end plate thickness [see fig- 
ures 25 a) and 25 b)]: the following single 
value shall be used 

~ 027 

If the distance exceeds four times the end1 plate 
thickness, the manhole is ignored, and the constant 
C, shall be determined in the normal manner, from 
the mean of the values for the respective methods 
of attachment given above. 

3.14.2.5 Stays for wet back reversal chamber 

The permissible stress in the stays calculated on the 
net sectional area shall not exceed 70 N/mm2. The 
diameter of any stay shall be not less than 20 mm. 

The stays shall comply with the following rule (see 
figure 26): 

t 

J (3.44) 

3.14.2.6 Longitudinal bar stays I 

The diameter of each bar stay shall be such that the 
stress calculated on the least sectional areq shall 
not exceed 70 N/mm*. The diameter of any stay ai 
any part shall not be less than 25 mm. 

Supports shall be provided for longitudinal baq stays 
of 5000 mm in length and longer. I 

~ 

3.14.2.7 Loads on stay tubes and bar stays 

Stay tubes and bar stays shall be designed to carry 
the whole load due to the pressure on the area to 
be supported, the area being calculated as follows. 

a) For a stay tube within the tube nest, the net area 
to be supported shall be the product of the hori- 
zontal and vertical pitches of the stay tubes, in 
millimetres, less the area of the tube holes em- 
braced. Where the pitch of the stay tubes is ir- 
regular, the area shall be taken as the square of 
the mean pitch of the stay tubes (i.e. the square 
of one-quarter of the sum of the four sides of any 
quadrilateral bounded by four adjacent stay 
tubes) less the area of the tube holes embraced. 

b) For a stay tube in the boundary row, or for a bar 
stay, the net area to be supported shall be the 
area, in millimetres squared, enclosed by lines 
through the midpoints of the lines joining the stay 
and the adjacent point of support, less the area 
of any tubes or stays embraced as shown in fig- 
ure 14. 

c) For a bar stay where there are no stay tubes in 
the tube nest, the area to be supported shall ex- 
tend to the tangential boundary of the tube nest. 

3.14.2.8 Gusset and link stays (corner stays) 

3.14.2,8.1 Load on each stay 

Each gusset or link stay supporting the flat end plate 
of a boiler shall be designed to carry the whole load 
due to pressure on the area it supports. The area 
supported by any one stay shall be obtained by 
considering the total area to be supported and di- 
viding this area by boundary lines drawn between 
the stays and the adjacent points of support (fur- 
nace, boundary rows of tube nests or the shell). 
These boundary lines shall be at all points 
equidistant from the adjacent points of support in the 
area under consideration (see figure 19). 

3.14.2.8.2 Gusset stays 

Gusset stays shall be so proportioned that the angle 
V (see figures 27 and 28) is not less than 60". The 
minimum cross-section of the gusset shall be deter- 
mined in accordance with the following equation: 

. . .  1,33W egh = ~ f sin V (3.45) 

where 

es a 1,7 x shell plate thickness 
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cg 2 1 x shell plate thickness 

eg 2. 0,7 x end plate thickness 

The size and shape of the parts of the end plate 
supported by each gusset shall be such that the en- 
tire surface area of the end plate in each gusset stay 
zone is supported. 

Gusset stays shall be fitted radially and there shall 
be no sudden changes of contour in the gusset stay 
profi I es. 

3.14.2.8.3 Link stays 

Link stays shall be so arranged that the angle V(see 
figure29) is not less than 60" and the dimensions 
shall be such that the stress in the stay at its weak- 
est part does not exceed fll,67. 

3.14.2.8.4 Anchor plates, angles and link pins, etc. 

The strength of anchor plates, angles and link pins 
calculated at the weakest section shall be as fol- 
lows. 

a) The shear stress in link pins shall not exceed 
55 N/mm2. 

b) Anchor plates or angles shall be so designed 
that the calculated stress does not exceed 
fll,67, but in no case shall the thickness be less 
than 0,875 of the thickness of the shell plate, with 
a minimum of 12,5 mm. 

The part of the anchor plate or angle attached to 
the end plate shall extend from the inner limit of 
the breathing space to the outer limit of the fur- 
nace or tube breathing space. 

c) Links, anchor plates and pins shall be con- 
structed from material having a minimum speci- 
fied tensile strength of 430 N/mm2 and shall be 
so designed that the compressive stress on the 
projected area does not exceed 100 N/mm2. 

3.14.2.8.5 Weid attachments 

Where gusset stays are welded to the shell and end 
plates the attachment shall be by means of full pen- 
etration welds in accordance with figure 27. 

Where anchor plates or angles are welded to the 
shell and/or end plates (see figures 28 and 29) the 
attachment shall be by means of full penetration 
welds. The welds shall be of such dimensions that 
the stress calculated on an area equal to the effec- 
tive length of the weld multiplied by the effective 
throat thickness shall not exceed that permitted for 
the parent metal multiplied by the appropriate weld 
factor given in table 3. 

The weld profile shall be free from notches and ab- 
rupt changes of contour. 

For the purposes of stress calculation, the effective 
throat thickness of a butt weld shall be taken as the 
thickness of the gusset or anchor plate. For com- 
pound welds, the effective throat thickness shall be 
the sum of the constituent parts. The effective throat 
thickness of the fillet weld shall be taken as 0,7 of 
the fillet size Lo (see figure 12). 

Table 3 - Weld attachments 
Form of weld Weld factor 

Single4 or single-bevel Without back weld 0,45 
butt welds (with or without With back weld 0,7 
superimposed fillets) 

Double-J or double-bevel 
butt welds (with or without 
superimposed fillets) I 

3.14.2.9 Additional requirements for unflanged flat 
end plates 

3.14.2.9.1 General 

In addition to the applicable requirements, es- 
pecially in respect of acceptable weld details (see 
section 5 and annex B), and to the general re- 
quirements for flat end plates given in 3.14.2.2 to 
3.14.2.8, the requirements for welded-on or 
welded-in unflanged flat end plates given in 
3.14.2.9.2 to 3.14.2.9.4 shall be taken into consider- 
ation. 

3.14.2.9.2 Post-weld heat treatment of steel PH 290 

Where steel PH 290 is used for shell or end plates 
in boilers incorporating flat unflanged end plates, 
the boiler shall be subjected to post-weld heat 
treatment in accordance with 5.4 irrespective of the 
plate thickness. 

3.14.2.9.3 Shell plate thickness local to the corner 
joint 

For the determination of the shell plate thickness 
local to the corner joint equations corresponding to 
formulae (3.6) and (3.7) shall be used: 

e = e,, + c 

where 
c = 0,75 mm (corrosion allowance); 

ecs = . . .  Pdo 
2f- + P 

(3.46) 
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The stress reduction factor x in formula (3.46) de- 
pends on the ratio of the end plate to shelllplate 
thickness as follows: I 

increase 100 mm to 110 mm 

g) When the actual thickness of the end plate ex- 
ceeds 25 mm, the breathing spaces in accord- 
ance with table2 shall be increased in 
accordance with table 5. 

NOTE 6 In order to keep the thickness of the end plate 
as small as possible it is recommended that an appropri- 
ate number of stays be provided. 

ecplec, 2 194 x = 0,8 I 
ecp/'?cç 1 x = l  

If the shell thickness ecs is calculated according to 
formula (3.7) with a weld factor Y = 0,8 the $tress 
reduction factor x need not be considered. 

For values of ecp/ecs between 1 and 1,4 the val 1 es of 
x shall be determined by linear interpolation. 7 

Table 4 - Design parameters for unflanged flat end 

0 

plates 
Ratio 

of end 
plate 
and 
shell 

ness 
thick- 

ecplecs 

3.14.2.9.4 Design parameters 
Length 

between 
boiler end 

plates 

Design 
press- 

ure 

Nimm2 

G 2  

> 2  

Shell outside 
diameter 

Unflanged flat end plates shall comply with thk par- 
ameters given in table 4, and with the requirements 
given in a) to g) as follows. 

a) The wall thickness of the shell shall be calculated 
in accordance with formula (3.6), including the 
stress reduction factor x [see formula (3.46)]. 

b) The actual wall thickness of the end  plate^ shall 
not exceed 30 mm. 

c) ,When the wall thickness of the shell exceeds 
30 mm, the through thickness properties of the 
material of the shell shall be proved by 

I 

~ 

d) Shell to end plate, furnace to end plate and re- 
versal chamber end plate to wrapper plate 
seams shall be completely back welded, yxcept 
in the case of small boilers as permitted in ac- 
cordance with 5.3.2.S.2. 

e) Both end plates shall be adequately stayed by 
using plain bar stays, stay tubes or gusset stays. 
(Stiffening ribs which are not connected 10 the 
shell are not permitted.) 

f) The breathing spaces between gussets or link 
stays and furnaces required in accordance with 
3.14.1 shall be increased as follows: 

increase 250 mm to 275 mm 

increase 200 mm to 220 mm 

increase 150 mm to 165 mm 

~ 

~ 

I 
l 

do, 
mm 

Lb 
m 

do, G 1500 

G 2  

Q 2  G 1,8 

G 1,4 > 2  

G 1,6 

> 1,6 

G 1,6 

> 1,6 

G 1,6 

L, a 5,5 
a 1,8 

a 1,4 

G 1,6 

G 1,2 

G 1,7 

d 1,3 

1500 <: do, Q 1800 

5,5 < L,, G 6,5 

1800 < do, G 2500 
> 1,6 

G 1,6 G 1,5 
5,5 <: L, Q 6,5 

G 1 , l  

G 1,6 

G 1,2 

> 1,6 

G 1,6 

> 1,6 
L, G 5,5 

do, > 2500 
G 1,4 Q 1,6 

> 1,6 
5,5 < L, 6 6,5 

G l  

3) Test requirements, e.g. minimum elongation 16 /O, minimum strength and reduction of area values, will form the subject 
of a future addendum to this International Standar 1. 

, 
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Table 5 - Breathing spaces between furnaces and 
shells when the thickness of the end plate exceeds 

25 mm 
Length 

between 
boiler end 

plates 
b 

m 

L b  a 5,5 

6 c L, Q 6,5 

Breathing space 

percentage of 
outside 

diameter 

7 I 140 I 70 

8 I 150 1 75 
I I 

3.14,2.10 Prohibited stiffeners 

Reinforcement of flat end plates by stiffeners (fillets, 
bars or angles) which are not connected to the op- 
posite end plate or to the shell are not permitted. 

3.14.2.11 Girder stays supporting the top end plates 
of reversal chambers 

The thickness of welded-on girders in accordance 
with figures 24a) to 24e)  shall be calculated in ac- 
cordance with the following formula, but in no case 
shall the thickness exceed 35 mm: 

* 

pLgs 
e=---- . . .  

1,33d: f 
(3.47) 

where e is the girder thickness. 

3.15 Unpierced tubes and pipes, and tube 
plates 

For the purposes of this International Standard, 
tubes are cylindrical components used for heat 
transfer duties. 

3.15.1 
external pressure 

The thickness of straight tubes up to and including 
150 mm outside diameter subject to external press- 
ure shall be not less than that given by the following 
formulae or 2,9 mm, whichever is the greater. Minus 
tolerances shall be taken into account. 

. . . (3.48) 

Thickness of straight tubes subject to 

e = e,, + c 

where 
c = 0,75 mm (corrosion allowance); 

(3.49) 

3.15.2 Thickness of straight tubes subject to 
internal pressure 

The thickness of straight tubes subject to internal 
pressure shall be not less than that given by the 
following formulae or 2,5 mm, whichever is the 
greater. Minus tolerances shall be taken into ac- 
count. 

e = e,, f c 

where 
c = 0,75 mm (corrosion allowance); 

. . .  Pdo 
2 f + P  

e,, = - (3.50) 

3.15.3 Thickness of straight pipes subject to 
internal pressure 

The thickness of straight pipes subject to internal 
pressure shall be not less than that given by the 
formulae in 3.15.2 or 4 mm, whichever is the greater. 
Minus tolerances shall be taken into account. 

3.15.4 Wall thickness and ovality of elbows, 
tube bends and pipe bends (see f igure 30) 

The wall thickness of elbows, tube bends and pipe 
bends up to and including 150 mm outside diameter 
shall be not less than that given by the following 
form ut ae : 

wall thickness at the intrados 

e1 = e& . . . (3.51) 

wall thickness at the extrados 

“O = ectco . . . (3.52) 

where e,, is the thickness calculated for a straight 
tube or pipe in accordance with 3.15.1, 3.15.2 or 
3.15.3 as appropriate, and C, and Co are factors to 
be taken from figure 31. 

The factors C; and Co are valid for elbows, tube 
bends and pipe bends where the ratio R/do is 
greater than or equal to 1 and less than or equal to 
4,5. Bends with R/do greater than 4,5 shall be treated 
as straight tubes or pipes. 

Minimum wall thicknesses, corrosion allowances 
and minus tolerances shall be taken into account in 
accordance with 3.15.1, 3.15.2 or 3.15.3 as appropri- 
ate, except that in no case shall the wall thickness 
be less than 2,9 mm. 

The value of d,/e shall not exceed 40. 

Ovality measured at the end after bending shall not 
exceed 10 %. 
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Ovality is defined as 

x 100 . .  do max - do min 

d0 
U= .I (3.53) 

where 

do max is the maximum outside diameter of the 
tube or pipe measured at the bend apex; 

do,,,, is the minimum outside diameter of the 
tube or pipe measured at the $ame 
cross-section as do max; I 

is the outside diameter of the stbaight 
tube or pipe. 

i 
do 

3.15.5 Stay tubes 

Stay tubes are tubes welded in accordance with fig- 
ure21 having a weld depth equal to the tube thick- 
ness plus 3 mm. These stay tubes are not reduired 
within tube nests except when the tube nestsicom- 
prise tubes which are expanded only  see 
figure 32 a)]. 

When the tube nests are comprised of plain tubes 
which are expanded and beaded, expanded and 
belled [see figure 32 b)], or expanded and welded in 
accordance with figures 32 c), 32 d) and '32 e) ,  
welded stay tubes in accordance with figure21 are 
required in the boundary rows to carry the flat plate 
loadings. 

Where tube nests comprise plain tubes weldhd in 
accordance with figure 32 f) or having a weld hepth 
equal to the tube thickness plus 2 mm no stay tubes 
are required. 

Each stay tube shall be designed to carry its due 
proportion of the load on the plates which it, sup- 
ports. The thickness of stay tubes welded  into^ tube 
plates shall be such that the axial stress on the 
thinnest part of the tube does not e>/ceed 
70 N/mm2. 

3.15.6 Pitch of tubes 

The spacing of tube holes shall be such th 
minimum width, in millimetres, of any ligame 
tween the tube holes shall be not less than 

a) for expanded tubes, 

0,125d+ 12,5 mm 

b) for welded tubes, 

1) for gas entry temperatures greater 
800 OC, 

0,125d+ 9 mm 

26 

: the 
t be- 

than 

2) for gas entry temperatures less than or equal 
to 800 OC, 

0,125d+ 7 mm 

3.15.7 Thickness of the tube plates within tube 
nests 

The thickness of tube plates shall be calculated from 
formulae (3.42) and (3.43), except when 

a) the tubes are expanded into the tube plate, in 
which case the minimum thickness of the tube 
plate shall be 12,5 mm when the diameter of the 
tube hole does not exceed 50 mm, or 14 mm 
when the diameter of the tube hole is greater 
than 50 mm, or 

b) the tubes are attached to the tube plates by 
welding only, in which case the tube plates shall 
be not less than 6 mm thick for boilers with de- 
sign pressures less than 0,5 N/mm2, and not less 
than 9 mm thick for boilers with design pressures 
greater than or equal to 0,5 N/mm*. 

3.16 Furnaces and wet back reversal 
chambers of cylindrical form subject to 
external pressure 

3.16.1 Furnaces and wrapper plates 

3.16.1.1 Plain furnaces and wrapper plates 

The design pressure of plain furnaces and wrapper 
plates of wet back reversai chambers shall be the 
lower of the design pressures obtained using the 
following equations: 

X 
p=-x- RP0,2 2%f 

Si d m  

. . .  2,6E (3.55) 

The preceding equations may be expressed in terms 
of thickness as shown in formulae (3.56) and (3.58). 
The greater of the thicknesses obtained shall be 
used, but the thickness of plain furnaces with diam- 
eters less than or equal to 400 mm shall be not less 
than 6 mm and for diameters greater than 400 mm 
shall be not less than 7 mm. Bowling hoop furnaces 
shall have a minimum wall thickness of not less than 
10mm. In no case shall the thickness exceed 
22 mm. For wrapper plates the maximum thickness 
shall not exceed 35 mm. 
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where 

e,, = 

e = ecr + c 

. . . (3.56) 

* . . (3.57) 

. . . (3.50) 

. . . (3.59) 

where c = 0,75 mm (corrosion allowance). 

Formulae (3.54) to (3.59) apply only to furnaces hav- 
ing diameters less than or equal to 1800 mm. 

NOTE 7 Formulae (3.54) and (3.56) are based on con- 
siderations of plastic collapse. Formulae (3.55) and (3.58) 
are based on considerations of elastic instability. 

3.16.1.2 Corrugated furnaces 

The design pressure of corrugated furnaces shall be 
determined using the following equation, but the 
thickness shall be not less than 10 mm nor greater 
than 22 mm: 

X 
Rp0,2 2x2 
Si Pcdm 

p = - x -  

1 + O g l d m / L  
X 

. . . (3.60) 

where d, is the mean diameter. 

NOTES 

8 For corrugated furnaces the mean diameter is  equal 
to the inside diameter plus the full depth of one 
corrugation, i.e. inside diameter plus erf +- w. 

9 Values of X,  and I ,  for Fox and Morrison corrugations 
are given in figures 33 a) to 33 9). 

3.1 6.1.3 Safety factors 

The value of the safety factor is 

S, = 2,5 

s, = 2 

s; = 3 

for horizontal furnaces exposed to 
flame 

for furnaces and wrapper plates not 
exposed to flame 

for all conditions 

3.1 6.2 Tolerances and corrosion allowances 
on wall thickness 

For corrugated furnaces, the calculated wall thick- 
ness shall be the minimum thickness of the finished 
furnace. For plain furnaces and reversal chambers, 
allowance shall be made to take account of any mi- 
nus tolerances on the plate thickness. 

3.1 6.3 Out-of-roundness 

The out-of-roundness, in per cent, of furnaces and 
reversal chambers shall be calculated as follows: 

(3.61) 

where 

d,,, 

dmin 

is the maximum mean diameter of the 
furnace, in millimetres; 

is the minimum mean diameter of the 
furnace, in millimetres. 

The maximum allowable out-of-roundness is given 
in 4.9.2. 

3.1 6.4 Stiffeners 

3.16.4.1 General 

Stiffeners welded to furnaces with the maximum di- 
mensions in accordance with figures 34 and 35 shall 
be regarded as fulfilling the requirements of this 
section and need not be calculated. 

Stiffeners not conforming with figures 34 and 35 shall 
have a second moment of area not less than that 
given by the following equation: 

. . .  Pdl3 z* = 
1,33 x I O 6  

(3.62) 

The second moment of area of the stiffener about its 
neutral axis Z, shall be related to the stiffener sec- 
tion, including a length of furnace equal to 
0,55,/= on either side of the stiffener. 

3.16.4.2 Stiffener sections made from bar or plate 

Stiffener sections made from bar or plate shall be 
joined by full penetration welds. 

The thickness of the stiffening ring shall be kept to 
the minimum required by 3.16.4.1. If it exceeds 
22 mm or twice the furnace thickness it shall be ta- 
pered as shown in figure35. 

Full penetration welds shall be used to attach 
stiffeners to furnaces. 
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I , 
I 

3.16.4.3 Stiffeners located within the zone of beak 
heat flux 

When stiffeners are welded on to furnaces which are 
more than 11 mm thick they shall not be located in 
the zone of peak heat flux, unless the net heat input 
to the furnace is restricted to not more than ZJ, in 
accordance with the following formula: 

. . .~(3.63) HI = 130 - 2,7e, 

where H ,  is the percentage of the ma><limum 
normally permitted net heat input, in watts. 

The zone of peak heat flux shall be considered to 
extend for a length equal to two furnace diameters 
from the tip of the burner, or to the end of the grate, 
whichever is applicable. 

NOTE 10 The requirements of 3.16.4.3 need not apply 
to boilers with a net heat input of less than 2 MW. ~ 

3.16.4.4 Bowling hoops 

Bowling hoops shall be considered effective points 
of support. The minimum pitch of bowling hoop 
centres shall be not less than 600 mm. When 'bowl- 
ing hoops are used, the furnace thickness sh@l be 
calculated in accordance with 3.16.1.1. 

In the calculation for furnaces supported by bdwling 
hoops, L shall be taken as 1,5 times the hctual 
length between bowling hoop centres. 

The second moment of area of the bowling hoop 
shall be not less than that required by 3.16.4.1. The 
length of plain furnace which may be included in the 
determination of Z2 shall be measured from thb out- 
side t n ent line and shall not be greater than 
0 , 5 5 d z .  The dimensions of bowling hoopsi shall 
be in accordance with figures 36a) to 36c). 

The nominal wall thickness of bowling hoops1 shall 
be not less than the calculated wall thickness of the 
plain furnaces to which they are attached. 

The second moment of area of bowling hoops be- 
tween the outer tangent lines are as given in the 
tables to figures 36 a) to 36 c). 

I 

I 

, 
I 

3.16.4.5 Stiffeners on corrugated furnaces i 
When corrugated furnaces are equipped withl sev- 
eral stiffeners, e.g. one on each corrugation or on 
each second corrugation, the cross-sectional area 
and the second moment of area of the stiffeners 
shall be included when using formula (3.60). A 
height of not more than six times the furnace thick- 
ness shall be used for the calculation. 

3.16.5 Calculation length of composite 
furnaces 

When the length of the plain portion of a corrugated 
furnace exceeds 250 mm, the total length of both 
sections shall be used for calculating the thickness 
of the corrugated section, and 1,5 times the length 
of the plain section shall be used for calculating the 
thickness of the plain section. 

3.17 Boiler supports 

3.17.1 Leg supports 

For shell diameters of less than 1500 mm, leg sup- 
ports or saddle supports with a subtended angle of @ 
not less than 60" may be used, provided that the 
shell thickness has been calculated using a stress 
reduction factor of x = 0,8. 

3.17.2 Saddle supports 

For shell diameters do equal to or greater than 
1500 mm, leg supports are not permitted; only sad- 
dle supports may be used with a minimum sub- 
tended angle of not less than 90". The shell 
thickness shall be such that the combined stress at 
the inner surface of the shell, obtained from 
formula (3.64) or (3.65), does not exceed 1,5f 

If Ls/rms > 8, then 

If Zds/rms Q 8, then 

e . +  f,=---- Prms 
ers 4ers(B2 + 10er,) 

(3.65) 

The width of the saddle top plate B2 shall be not less 
than IOe,,. 

The coefficient C, is obtained from figure 37. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011


I S 0  57301992(E) 

Section 4: Workmanship and construction in fabrication other than welding 

4.1 Plate identification 

In laying out and cutting the plates, the plate identi- 
fication mark shall be so located as to be clearly 
visible when the pressure part is completed. Where 
the plate's identification mark is unavoidably cut out, 
it shall be transferred by the pressure part manu- 
facturer to another part of this component to the 
satisfaction of the inspecting authority. 

4.2 Cutting of forgings 

Forgings should normally be cut to size and shape 
by machining and/or thermal cutting. 

4.3 Cylindrical shells 

4.3.1 Each ring shall be formed from not more than 
two plates, bent to cylindrical form to the extreme 
ends of the plate. The bending shall be done entirely 
by machine, and local heating or hammering shall 
not be used. 

The longitudinal seam or seams may be placed in 
any suitable position(s), but the seams in successive 
rings should preferably not fall in line. In special 
cases they may be in line provided that the require- 
ments of 5.3.2.2 are fulfilled. 

4.3.2 The shell of completed boilers shall be in 
accordance with the following requirements. 

a) Straightness 

Unless otherwise shown on the drawing, the 
maximum deviation of the shell from a straight 
line shall not exceed 0,3 ?Lo both of the total cyl- 
indrical length and of any 5 m length. Measure- 
ments shall be made to the surface of the parent 
plate and not to a weld, fitting or other raised 
part. 

b) Irregularities in profile 

Irregularities in profile (checked by a 20" gauge) 
shall not exceed 5 YO of the minimum plate 
thickness plus 3 mm. This maximum value may 
be increased by 25 % if the length of the irreg- 
ularities does not exceed one-quarter of the 
length of the shell part between two 
circumferential seams, with a maximum of 1 m. 

c) O ut-of-rou ndness 

The difference between the maximum and mini- 
mum diameter of any section of a shell welded 
longitudinally shall have a maximum of 

(D + 1 250)/200, where D is the nominal internal 
diameter expressed in millimetres. 

Measurements shall be made to the surface of 
the parent plate and not to a weld, fitting or other 
raised part. 

Shell sections may be measured for out-of- 
roundness either when laid flat on their sides or 
when set up on end. When the shell sections are 
checked when laid flat on either side, each 
measurement for diameter shall be repeated af- 
ter turning the shell through 90" about its longi- 
tudinal axis. The two measurements for each 
diameter shall be averaged, and the amount of 
out-of-roundness calculated from the average 
values so determined. 

Any local departure from circularity shall be 
gradual. 

There shall be no flats or peaking at the longi- 
tudinal welded seam. 

d) Cold rolling 

Cold rolling of a welded shell to rectify a small 
departure from circularity is permitted, provided 
that non-destructive testing conforming to 5.5 
and 5.9.4 is carried out after the departure from 
circularity has been remedied. 

4.4 Tell-tale holes 

Reinforcing plates and saddles of nozzles attached 
to the outside of a boiler shall be provided with at 
least one tell-tale hole (maximum size G 1/4) that 
may be tapped for a preliminary leakage test for 
tightness of welds that seal off the inside of the 
boiler. These tell-tale holes may be left open or may 
be plugged when the boiler is in service. If the holes 
are plugged, the plugging material used shall not be 
capable of sustaining pressure between the rein- 
forcing plate and the boiler wall. 

4.5 End plates and tube plates 

4.5.1 Where practicable, flat or dished ends shall 
be made in one piece except that, where the diam- 
eter is so large as to make this impracticable, flat 
ends may be made from two plates butt welded to- 
gether (see figureB.19). The weld shall be located 
preferably between two rows of bar stays or, if there 
is only one row of bar stays, between this row and 
the top row of stay tubes. Dishing and peripheral 
flanging of end plates shall be done by machine. 
Such flanging should preferably be done in one op- 
eration, but where this is impracticable, creep ma- 
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chine flanging may be permitted provided that the 
plate is worked at a suitable temperaturd and 
heated to an adequate distance beyond the portion 
under immediate treatment. Care shall be taken to 
see that the flanges are cylindrical, have a good 
surface condition, and are free from local irregulari- 
ties. 

End plates and tube plates shall not be flanged cold. 
The cold dishing of end plates is permitted s bject 
to agreement between the parties concerned k nd in 
accordance with an agreed qualified procedure, in- 
cluding normalizing. 

Plates which have been dished or flanged at non- 
uniform temperatures, or which have been locally 
heated, shall be normalized after forming Unless 
otherwise agreed by the manufacturer and the in- 

Where flats are pressed (for example, in dishe? end 
plates for the attachment of mountings), they shall 
be formed with an ample radius at the junction of the 
flat and curved surfaces and be free from sharp 
corners or tool marks, and the plate shall not be 
unduly thinned. 

On completion of all flanging and machining ?per- 
ations, flat portions of flat end plates shall b? flat 
and free from set or distortion. 

4.5.2 Where hemispherical shell end plate9 are 
pressed from one plate they shall be pressed to 
form by machine in progressive stages, wilthout 
thinning, and shall be normalized on completion ex- 
cept that, when agreed between the parties con- 
cerned, normalizing may be omitted in the case of 
hot-formed ends, when the forming process is ~com- 
pleted at temperatures exceeding approxim~ately 
850 OC. I 

specting authority. ~ 

I 

4.5.3 Where dished ends are used they shqll be 
flanged for connection to the shell. 

4.6 Plain tubes and stay tubes 

4.6.1 Tubes may be expanded or welded inta the 
tube plate or secured by a combination of Iboth 
met hods. 

4.6.2 Where the tubes are expanded only, the pro- 
cess shall be carried out with roller expanders, and 
the expanded portion of the tube shall be parallel 
through the full thickness of the tube plate. In addi- 
tion to expanding, tubes may be flared, bell-modthed 
or beaded. I 

l 

4.6.3 Where tubes are welded to the tube pla e by 

unwelded portion of the tube within the tube ,hole 
shall be in full contact with the tube plate, except as 
permitted by 3.4 d). 

welds which are not full penetration welds,l i the 

4.6.4 Stay tubes shall be provided in all cases 
where the total number of tubes is arranged in more 
than one nest. Where stay tubes are not provided, 
the ends of all tubes shall be welded or expanded 
and beaded at the inlet end, and welded or ex- 
panded only at the outlet end. 

4.6.5 Examples of stay tube welding attachments 
are shown in figures 21 a) to 21 e). 

4.6.6 Plain tubes may be welded [see figures 
32 c) to 32 i ) ]  after stress relief of the boiler. 

4.7 Manhole frames and openings 

4.7.1 Material 

Manhole frames, openings, doors and cover plates 
shall be of steel complying with the requirements 
specified in section 2. 

4.7.2 Location 

Manholes and other openings in shells shall be 
placed as far as practicable from any seam. Oval 
openings should preferably be arranged with the 
minor axis parallel with the longitudinal centre-line 
of the boilers. In no case shall the major axis of any 
opening exceed twice the minor axis of the opening. 

Where a manhole is located in or in-between tube 
nests in multitubular boilers, or below the furnaces 
of twin-furnace boilers, the stay tubes in the bound- 
ary rows, or gusset stays, as applicable, shall be 
arranged as close as practicable to the manhole. 

4.7.3 Frames 

If the design pressure exceeds 1,8 N/mm2, raised 
circular manhole mouthpieces shall not be fitted. In 
all other cases, where the shell thickness exceeds 
14 mm, oval frames or circular mouthpieces may be 
fitted. Oval frames of the flanged type shall be 
formed to fit closely to the shell and to provide a flat 
jointing surface for the door. Where practicable, 
such frames shall be attached to the inside of the 
shell, with the minor axis parallel to the longitudinal 
centre-line of the boiler. 

Oval frames and external raised circular openings 
shall be either formed in one piece without welding, 
or formed from a suitable rolled section fabricated 
by fusion welding. Welds in fabricated manhole 
frames and openings shall be positioned so that 
they are in a plane at right angles to the longitudinal 
axis of the boiler. 

The joint face of manhole frames shall be not less 
than 15 mm wide. 
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Typical forms of manhole frames are shown in fig- 
ures 11 and 12. 

4.7.4 Jointing flanges 

The jointing flanges of openings and covers shall be 
machined on the face and edges and on the bearing 
surface of the bolt heads and nuts. Bolts and nuts 
shall be machined where they are in contact with the 
flanges, and the joints should be formed inside and 
outside the pitch circle or pitch line of the bolts to 
preclude the possibility of flange distortion. 

4.7.5 Doors 

Doors shall be constructed in accordance with the 
following requirements. 

a) Doors shall be formed to fit closely to the internal 
joint surface and shall be fitted with studs, nuts 
and cross bars. 

b) Doors for openings larger than 250mm by 
175 mm shall have two studs, but for openings 
of 250 mm by 175 mm or less, only one stud need 
be fitted. Doors for openings not larger than 
125 mm by 90 mm may have the stud forged in- 
tegrally with the door. 

c) Door studs shall be of welding quality steel hav- 
ing a minimum specified tensile strength of 
360 N/mm2, and those for manholes shall be not 
less than 30 mm diameter. They shall be 

1) screwed through the plate and fillet welded 
on the inside, or 

2) fillet welded each side of the plate with a leg 
length of not less than 9,5 mm. 

d) The spigot part, or recess, of manhole and 
sight-hole doors shall be as neat a fit as practi- 
cable. In no case, however, shall the clearance 
all round exceed 1,5 mm. 

e) Nuts shall comply with appropriate national 
standards and shall be faced on the seating sur- 
face. 

9 Cross bars shall be of steel, forged or cut from 
plate having a minimum specified tensile 
strength of 360 N/mm2. The seating surface shall 
be faced. 

4.8 Seating for mountings 

4.8.1 Seatings 

Mountings over 25 mm internal diameter, except 
flanged mountings up to and including 75 mm bore, 
shall not be attached directly to any boiler plate, but 

shall be carried on suitable forged, cast or fabri- 
cated steel seatings. These seatings shall take the 
form of short nozzles, forged pads or pads cut from 
plate or round bar as may be convenient. Where 
seatings are fabricated by fusion welding, they shall 
be stress relieved by heat treatment before attach- 
ment unless the whole boiler is to be subjected to 
heat treatment on completion. 

4.8.2 Water gauges 

Water gauges and pressure gauge siphons may be 
attached directly to the plate without the intervention 
of a pad or standpipe, provided that they are flanged 
and secured by studs. If the studs are screwed 
through the plate, nuts of full thickness shall be fitted 
on the inside of the boiler. 

4.8.3 Flanges and pads 

Flanges and pads in contact with the boiler shall be 
formed to fit closely to the plate to which they are to 
be attached. 

4.8.4 Nozzles 

Where nozzles are used, the flanges shall be ma- 
chined or thermal-cut by machine on the edges. The 
bolting flanges shall be machined on the jointing 
and bolting surfaces. 

4.8.5 Pads 

Where pads are used, the jointing surfaces shall be 
machined. The pads shall have sufficient thickness 
to allow the drilling of the stud holes for mountings 
without the inner surface being pierced, and the 
length of the screwed portion of the stud in the pad 
shall be not less than the diameter of the stud. 

4.8.6 Methods of attachment 

The seatings shall be attached to the shell or end 
plates by one of the following methods. 

a) Where the internal diameter of the nozzle does 
not exceed 25 mm, the nozzle may be screwed 
through the plate, and either fitted with a nut, or 
seal welded on the water side. The screwed 
thread of the nozzle shall have a run-out of 
thread of not less than three times the pitch of 
the thread, produced by suitably grinding the 
cutting die. The threads in the tapped hole in the 
shell shall be chamfered to produce a corre- 
sponding angle of run-out. 

b) Where the design pressure does not exceed 
1,2 N/mm*, mountings with screwed ends not 
exceeding 25 mm diameter may be used. The 
screwed portion of any such mounting shall be 
an integral part thereof. 
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Such mountings may be screwed directly inlo the 
plates, nuts being fitted on the water side, or may 
be screwed into steel distance pieces (see 
figure38), the length of the thread engaged be- 
ing, in no case, less than the bore of the 
mountings plus 6,5 mm. 

The distance pieces shall be made from f i  rged 
steel or bar complying with the requireqents 
specified in section 2. They shall be screwecl into 
the plate and fitted with nuts on the water~side. 
The walls of the distance pieces shall not be, less 
than 6,5 mm thick at the bottom of the thread. 

c) Notwithstanding the requirements in 5.4, in spe- 
cial circumstances, and if approved by the in- 
specting authority, the seating may be we1 ed to 
the plate without subsequent heat treat ent, 
where the seating does not exceed 125 mm bore, 
or where, in the case of a pad, the diame er of 
the opening in the shell does not exceed 12 1 mm 
plus twice the thickness of the plate to which it 
is to be attached. If these limits are exceeded the 
method of stress relieving shall be agreed be- 
tween the manufacturer and the inspecting auth- 
ority. 

Typical methods of attachment are shown i an- 
nex 8,  but other methods of equivalent effic ency 
may be used subject to agreement betwee the 
inspecting authority and the manufacturer. b 

4.8.7 Bolts and nuts 

All bolt and stud holes shall be drilled, and bolt$ and 
nuts shall be machined where they are in co,ntact 
with flanges. 

4.9 Cylindrical furnaces 

4.9.1 Sections of cylindrical furnaces shall each be 
made from one plate. Conical furnace sectionsi may 
be made from not more than two plates. The I ngi- 
tudinal welds shall be at least 120" apart and shall 
be fusion butt welded in accordance with sectidn 5. 
Alternatively, furnaces may be made from hot- 
finished seamless carbon steel tubes to IS0 2604-2, 
TS 9H, the tensile strength and minus tolerances on 
thickness being taken into account. 

O 

4.9.2 Out-of-roundness, as defined in 3.16.3, ?hall 
not exceed 1 YO for corrugated furnaces or 1,5 O h  for 
plain furnaces with a maximum variation in diadeter 
of any cross-section of 6,5 mm or half the thickqess, 
whichever is the greater. There shall be no flats or 
peaks, and any departure from circularity shall be 
grad ual . 

4.9.3 The longitudinal welds of furnaces shall be 
placed in such a position that they can be examined 
from the water side in accordance with 3.13.5.1, cat- 
egory 2. Longitudinal welds in successive sections 
shall break joint by at least 150 mm. 

4.9.4 Where the furnace sections are flanged for 
circumferential joints, the flanging shall be carried 
out at one heat by using suitable machinery. When 
furnace sections are flanged, they shall be normal- 
ized unless flanging is carried out above normaliz- 
ing temperature. 

4.9.5 Edges of all furnace flanges shall be ma- 
chined or thermal-cut by machine. 

4.9.6 Flanged circumferential seams shall be ar- 
ranged so that they do not fall in line with those of 
the adjacent furnace. 

4.9.7 Where stiffeners are required, they shall be O 
attached externally by means of continuous full 
penetration welding in accordance with figure 34 or 
35. 

4.9.8 The dimensions of bowling hoops shall be as 
shown in figure 36 a), 36 b) or 36 c). 

4.9.9 Forms of furnace connections to end plates 
are shown in figures B.17a) to 8 . 1 7 ~ ) .  Where the 
furnace is inserted into a hole in the end plate, it 
shall be a good fit around the whole periphery. 

4.1 O Water-cooled reversal chambers 

The attachment of the reversal chamber tube plates 
and end plates to the wrapper plate shall be in ac- 
cordance with figures B.16a) to B.I6e), and where 
the tube plate or end plate is  flanged for connection 
to the wrapper plate, the weld shall be located be- 
tween the commencement of curvature of the flange 
and the first row of stays. 

0 

Typical methods of attachment of access opening 
frames are shown in figure 39. 

4.11 Stays 

4.11.1 Bar stays 

4.11.1.1 All bar stays shall be made from a solid 
rolled bar without weld in its length, except those 
attaching them to the plates they support. Bar stays 
which have been hot worked shall subsequently be 
normalized where justified by the hot-working pro- 
cedure or material requirements, and with the 
agreement of the inspecting authority. It is rec- 
ommended that when a stay is in position in the 
boiler, its axis shall be normal to the plate it sup- 
ports. 
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It is recommended that a tell-tale hole be drilled 
along the axis of all bar stays. The diameter of the 
hole should not exceed 5 mm and the drilling should 
extend 15 mm min. beyond the water surface of the 
plate (see figure 20). 

4.11.1.2 Bar stays shall be secured to the plates 
they support by one of the following methods: 

a) plain bars passing through clearing holes in the 
plates and welded thereto (see figure 20); 

bj plain bars passing through clearing holes in the 
plates and fitted with washers on the outside, the 
stay and washers being welded to the plates in 
accordance with any one of the methods shown 
in figures 22 a) to 22 d). 

4.11.2 Gusset stays 

Gusset stays shall be flat and perpendicular to the 
end plates. 

4.11.3 Girder stays 

The attachment of girder stays welded directly to the 
crown plates shall be by means of full penetration 
welds, and shall comply with the details shown in 
figures 24a) to 24e). Each girder shall be of suf- 
ficient strength to support its due proportion of the 
load on the top end plate independently of the crown 
plate, and the attachment welds shall have sufficient 
cross-sectional area to carry the applied load (see 
3.14.2.11). 
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Section 5: Workmainship and construction in welding 

5. Genera 

5.1.1 The rules in this section are applicable to 
boilers arid boiler parts that are fabricated  by^ weld- 
ing and shall be used in conjunction with the shecific 
requirements that pertain to the class of materials 
used. 

The welding and fabrication procedure to be agreed 
upon when steel containing more than 0,23 % car- 
bon is used shall be appropriate to the grdde of 
steel and shall be based on established i Inter- 

record of reliability. It shall take into account Tth I l  as- a 
national Standards or national standards 

pects of fabrication as covered by sections 4  and 5 
of this International Standard. 

5.1.2 The welding shall be executed in conformity 
with the qualified welding procedure which is  in ac- 
cordance with the welding procedure specification 
(see 5.8.3). I 

5.1.3 The welder shall be qualified in confdrmity 
with the welder’s competence tests specified (see 
5.8.4). 

5.1.4 The manufacturer of a boiler or boiler part 
built in accordance with the requirements of this In- 
ternational Standard is responsible for the welding 
done for this purpose by his workmen. He shall 
designate a competent welding supervisor an d con- 
duct the tests required to qualify the weldin4 pro- 
cedure he uses and the competence of the wélders 
who apply this procedure. No production work shall 
be undertaken until both the welding procedure and 
the welders or welding operators have been quali- 
fied. 

5.1.5 The manufacturer shall maintain a rec rd of 

fications and competence tests. These records shall 
be certified by him and give an accurate descniption 
of all the particulars of the materials and procedure 
concerned and shall be accessible to the inspecting 
authority who shall witness and certify the tests (see 
the model forms in annex F). 

the results obtained in welding procedure ? ,quali- 

5.1.6 A record shall be kept to show that the 
welder has been employed on works of the kind 
covered by his competence tests during the previ- 
ous 6 months. The records shall contain the results 
of the welder’s competence tests and the identifi- 
cation mark assigned to each welder (see the model 
forms in annex F) and shall be certified by the 

manufacturer and be accessible to the inspectin 
authority. 

5.1.7 The welds made by each welder shall be 
marked with a stamp showing the welder’s identity 
or else some other appropriate record shall be 
made. 

If hard stamping is employed, only low-stress 
stamps shall be used. (Low-stress stamps are those 
with radiused edges or those made of a series of 
dots.) 

5.1.8 If, during the construction of a boiler or 
pressure part, the inspecting authority finds that the 
work is not satisfactory or is not in accordance with 
the requirements of this International Standard, the 
causes should be investigated by the manufacturer 
and rectified. 

5.1.9 If it is proved that the welder is responsible 
for bad work, a decision should be taken, after con- 
sulting the welder’s record, as to whether he should 
be requalified. 

5.1.10 This decision should be recorded in the 
register. 

5.2 Materials 

5.2.1 
section 2. 

The materials shall meet the provisions of 

5.2.2 The welding consumables and flux [see 
5.8.3.3 b) and 5.8.4.5.41 shall satisfy the requirements 
specified herein. 

5.3 Design 

5.3.1 Introduction 

These rules apply to the design of boilers and boiler 
parts that are manufactured by welding and shall be 
used in conjunction with section 3 of this Inter- 
national Standard. 

5.3.2 Design of welded joints 

5.3.2.1 Weld deposition 

The design of the welded joints shall be such as to 
provide adequate access for the deposition of weld 
metal to meet the requirements laid down in this 
International Standard. 
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5.3.2.2 Weld crosses 1) to shells as shown in figures B.15a) to 
B.15 d), 

Joints where more than two welded seams meet 
shall be avoided. If the design cannot permit this, 
the appropriate precautions shall be taken into con- 
sideration and shall be agreed between manufac- 
turer, purchaser and inspecting authority. 

5.3.2.3 Non-pressure parts 

Attachment of non-pressure parts by welds which 
cross or for which the minimum nominal distance 
between the edge of the attachment weld and the 
edge of existing main welds or nozzle welds is less 
than the smaller of twice the thickness of the press- 
ure part or 40 mm shall be avoided. 

If such welds cannot be avoided, they shall cross the 
main weld completely rather than stopping abruptly 
near the main or nozzle weld, in order to avoid 
stress concentrations in these areas. 

If the design cannot permit this, the appropriate 
precautions shall be taken into consideration. These 
precautions shall be agreed between rnanufacturer, 
purchaser and inspecting and/or regulating auth- 
ority. 

5.3.2.4 Properties 

Connections of nozzles, pads, branches, pipes and 
tubes, and non-pressure parts, may be welded to 
pressure parts provided that the properties of the 
material of all the pressure parts are not influenced 
adversely. 

5.3.2.5 Permissible weld types 

Typical examples of acceptable weld details of 
welded connections are indicated in annex B. 

5.3.2.5.1 Full penetration welds 

A full penetration weld is one in which the com- 
ponents of the joint are completely fused together 
through the full depth of the joint and there are no 
unwelded lands. In some cases the full penetration 
welds are reinforced by fillet welds. 

The following welds shall be of the fully penetrated 
type: 

a) longitudinal and circumferential main seams in 
cylindrical shells, furnaces and reversal chamber 
wrapper plates as shown in figures B.18a) to 
B.18d); 

b) seams in flat end plates as shown in 
figures B.19 a) and B.19 b); 

c) unflanged flat end plates or tube plates where 
they are welded 

2) to furnaces as shown in figures B.17a) and 
B.17 b), 

3) to reversal chamber wrapper plates as shown 
in figures B.16 b) to B.16 e), and 

4) to access tubes as shown in figure B.20; 

d) attachment of flanged end plates 

1) to reversal chamber wrapper plates as shown 
in figure B.16 a), and 

2) to furnaces as shown in figure B.17~) ;  

e )  compensating plates in accordance with 
figure 12 b); 

9 manhole frames in accordance with figure 11 a); 

g) gusset stay attachment welds as shown in fig- 
ures 27 and 28; 

h) stiffener to furnace welds as shown in figures 34 
and 35; 

i) reversal chamber girders as shown in 
figures 24 a) to 24 e); 

j) reversal chamber stays as shown in figure 23 b); 

k) welds of reinforcing branches, nozzles and pads 
as shown in figures 8.3 to B.12. 

5.3.2.5.2 Fillet welds (back welding) 

When unflanged flat end plates or tube plates are 
welded to shells, furnaces and reversal chamber 
wrapper plates, the fillet welds shall be inserted for 
the full circumference of the seam, except as per- 
mitted for small boilers in accordance with table 6. 

The above requirements for fillet welds are dictated 
by consideration of accessibility for welding. 
Notwithstanding these requirements, the fillet welds 
shall be inserted for the full circumference of the 
seam whenever it is possible to provide the requi- 
site quality of finished weld. 

The profile of the fillet welds shall be such as to 
minimize harmful notch effects. 

When sections of the fillet welds are omitted in ac- 
cordance with table 6, special consideration shall be 
given to the welding technique to ensure sound root 
conditions, which shall be proved by procedure 
tests. 
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Table 6 - Conditions for omitting sections QI fillet welds (back welds1 from corner io 

Unwelded 
length 

mm 

Q 250 

> 250 

2) 

Boiler 
length Outside 

between diameter 
end of shell 

plates 

Lb i do 

mm mm 

Minimum 
breathing 

space 
between 

furnace and 
shell ~ 

I l 

6,5 Yo of d,, 
or 65 mm 

whichever is 
the greater 

v 
2 80 mm 

End plate 
thickness 

erep 

mm 

d 20 

d 15 

d 20 

Test 
pressure 

Pt 

according to 
6.3.1.1 

2 2,55p 

2 2,lp 

Ratio of end 
plate to 

furnace wall 
thickness 

ereplerf 

d 1.4 

ts of flat end plates 

General 
requirements for 
welded sections 

The weld shows 
proper penetration'). 

Thorough inspection 
of the weld is poss- 
ible. 

The weld is not 
heated directly. 

1) To be proved by special procedure tests. The procedure test piece shall reproduce the geometry of the production 
weld and shall be sectioned for visual and macro-examination. 
2) One length equal to the furnace diameter for the flat end to furnace connection and one length equal to the shell 
diameter for the flat end to shell connection. 

5.3.2.5.3 Welds other than full penetration weltis 5.3.2.8 Welded joints subjected to bending stresses 

The following are examples of welds which ar'e not 
full penetration welds: 

a) stay tube to tube plate welds as shown in 

b) plain tube to tube plate welds as shown in 

figures 21 a) to 21 e); 

figures 32c) to 329; , , 
, 

c) bar stay welds as shown in figures 20, 22~a) to 

d) fillet welds attaching compensating plates as 

22d) and 23a); 

shown in figures 12a3 and 12 b). 

5.3.2.6 Welding grooves 

The dimensions and shape of the edges to be j 
shall be such as to permit sound welds. [See C 
and 5.8.3.3 c).] 

5.3.2.7 Tapered plate edges 

ned 
1.2.1 

If plate edges of unequal thickness are abutted,, and 
i f  the difference between the surfaces on either side 
exceeds that specified in 5.8.11, the thicker plate 
shall be trimmed to a smooth taper for a distance 
not less than four times the offset including, if so 
desired, the width of the weld. 

5.3.2.8.1 Where it is known that local stresses due 
to geometrical discontinuities are unacceptably 
high, the weld contours shall be smooth. Where 
necessary, this may be accomplished by grinding 
and/or the addition of weld metal. 

5.3.2.8.2 Corner joints with fillet welds shall not be 
used. 

5.4 Heat treatment and post-weld heat 
treatment 

5.4.1 Post-weld heat treatment in accordance with 
5.8.16.1 shall be carried out after completion of all 
welding, and prior to the pressure test in the case 
of boilers where the wall thickness at any welded 
connection exceeds 30 mm, except as required by 
3.14.2.9.2. 

When welded repairs have been made to a vessel 
which has been heat treated, the vessel may again 
be heat treated. The decision as to whether heat 
treatment is necessary is left to an agreement be- 
tween the manufacturer and inspecting and/or 
regulating authority. 

5.4.2 When the welded joint connects parts that 
are of different thickness, the thicknesses to be 
considered in applying the limits mentioned in the 
requirements for post-weld heat treatment shall be 
the following nominal thicknesses, including cor- 
rosion allowance: 
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a) the thickness of the shell or head plate in nozzle 
attachment welds; 

b) the thickness of the nozzle neck at the joint in 
nozzle neck to flange connections; 

c) the thickness of the pressure part, at the point 
of attachment, where a non-pressure part is 
welded to a pressure part; 

d) the thinner of two adjacent butt-welded plates 
including dished end to shell connections; 

e) the thickness of the shell in connections to flat 
plates which are butt welded to the shell; 

9 the thickness of flat plates where these are inset 
into the shell. 

5.5 Non-destructive testing 0 
5.5.1 General 

For the purposes of this International Standard the 
term “non-destructive testing” covers the conven- 
tional techniques of radiographic, ultrasonic, mag- 
netic particle and/or liquid penetrant testing as 
specified in 5.5.5, 5.9, annexes G and H, IS0 3452, 
IS0 3453 and IS0 3059. Percentages given in table 7 
relate to each seam. 

5.5.2 Procedure and interpretation 

Except where otherwise stated in this International 
Standard, the procedure and interpretation of results 
shall be agreed upon between manufacturer and in- 
specting and/or regulating authority. 

5.5.3 Non-destructive testing of repairs 

0 On completion of repairs, the re-welded portions 
shall be examined by all techniques specified for the 
original weld. 

5.5.4 Manufacturing in series 

Until the results of future work are available, the 
amount of non-destructive testing in the case of 
manufacturing in series shall be subject to agree- 
ment between manufacturer and inspecting and/or 
regulating authority. 

5.5.5 Extent of non-destructive testing 

5.5.5.1 Shell seams 

When the weld factor v=O,8 is employed, 10 % of 
the length of the longitudinal and circumferential 

butt-welded seams and all butt-welded intersections 
shall be non-destructively tested. 

When the weld factor P =  1 is employed, 100 YO of 
the length of the longitudinal and 25 YO of the 
circumferential butt-welded seams shall be non- 
destructively tested. When the end plates are fully 
stayed to each other by bar stays, stay tubes or a 
combination of bar stays and reversal chamber 
stays, 10 Y of the length of the circumferential 
seams shall be non-destructively tested. All seam 
intersections shall be non-destructively tested. 

The non-destructive testing techniques employed 
shall be radiographic and/or ultrasonic. 

5.5.5.2 End plate to shell seams and end plate to 
furnace seams 

When the end plates are fully stayed to each other 
as described in 5.5.5.1, end plate to shell seams of 
the type shown in figures B.15a) and 8.15 b) shall 
be non-destructively tested for 10 YO of their length, 
and the end plate to furnace seams of the type 
shown in figures B.17a) and B.17b) shall be non- 
destructively tested for 25 YO of their length. 

When the end plates are not fully stayed to each 
other, 100 Yo of the end plate to shell and end plate 
to furnace seams shall be non-destructively tested. 

100 YO of the length of end plate to shell seams of 
the type shown in figures 8 . 1 5 ~ )  and B.15d) shall 
be non-destructively tested. 

The non-destructive testing technique employed 
shall be ultrasonic, where practicable, or otherwise 
the following procedure shall be adopted: 

a) visual examination of weld preparation, 

b) visual examination after tack welding, and 

c) visual examination after initial root run, 

unless alternative techniques are acceptable to the 
inspecting authority. 

5.5.5.3 Internal fillet welds 

The full length of internal fillet welds (back welds) 
shall be visually examined to ensure that they are 
of the correct shape without significant under-cutting 
(see 5.8.13). 

5.5.5.4 Butt-welded seams in end plates 

100 Yo of the length of butt-welded seams in end 
plates shall be non-destructively tested by radio- 
graphic and/or ultrasonic techniques. 
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Table 7 - Extent of radibgraphic or ultrasonic testing for butt welds 

I I Percentage 
of total 

length of 
weld to be 

tested 

I 
Type of weld Weld locption Com- 

ponent Figure No* Notes Testing 
technique 

1 O0 B.18 Radiographic 1, 2 

8.18 Radiographic 1, 2 
or ultrasonic and 4 

8.18 Radiographic 1, 2, 4 
or ultrasonic and 5 

or ultrasonic and 4 
Longitudinal In shell sections 

Circumferential Between shell sect ons 

Circumferential Between shell secti~ons and 

! 

I 
flanged end plates 

Shell 

25 

- 
25 

Circumferential Between shell sections and set-on I end plates 
1 O0 

B.15d) or ultrasonic 

T-butt At junction of shell with set-in end 
plates 

10 B.15 a) and Ultrasonic 2 and 3 
B.15b) 

Flat end 
plates 

Butt Between the two s ctions in large 
diameter end plate, s 1 O0 B.19 Radiographic 2 

or ultrasonic 

B.18 1 Radiographic I 1 and 2 
or ultrasonic 

10 Fur nace s 

Reversal 
cham- 
bers 

Longitudinal In furnace sections 

Radiographic 1 and 2 
or ultrasonic l 10 Circumferential Between furnace sections 

Circumferential Between furnace sections and 
bowling hoops 

flanged end plates 
Circumferential Between furnace sections and 

10 

10 

or ultrasonic 

or ultrasonic 

T-butt Between furnace sections and 
set-in end plates I and 

B.17a) and 1 Ultrasonic 
8.17 b) 

25 

I T-butt Furnace to reversal chamber end 
plate 

Between furnace seçtions and cyl- 
indrical components 

In wrapper plate 

BI7 a) and Ultrasonic 2 and 3 
B.17 b) 

8.4, 8.5, Ultrasonic 2 
B.6 and 8.7 

B.18 Radiographic 2 

B.16 a) Radiographic 1 and 2 

or ultrasonic 

or ultrasonic 

25 

25 T-butt 

Longitudinal ------I 10 

Circumferential Between wrapper plate and 1 flanged end plate 
10 

T-butt Between wrapper plate and set-in 
end plate I and 

e:i~e\ to I Ultrasonic 10 
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Type of weld Com- 
ponent Weld location Figure No. 

Reversal 
chamber 
access 
tube 

Longitudinal 

T-butt 

In access tube 8.18 

Access tube to boiler and reversal 
chamber end plates 8.20 

39 and Ultrasonic 

I I Percentage 

2 and 3 10 

of total 1 Notes 1 length of 
technique weld to be 
Testing 

I tested I 
10 l 2  I Radiographic 

or ultrasonic 

NOTES 

1 The tests shall include each intersection of longitudinal and circumferential seams. For each longitudinal and 
circumferential seam there shall be at least one radiograph, or where ultrasonic testing is specified, at least a 200 mm 
length shall be examined. 

2 In each case the section of weld to be tested shall be selected at random. 

3 The position of the tested section of weld shall be marked on the boiler and recorded. 

4 See 5.5.5.1. 

5 When the flange is thicker than the end plate, the flange shall be machined to a taper and welded in a manner similar 
to that shown in figure B.19 a). 

5.5.5.5 Furnace and reversal chamber seams 

10 Yo of the total length of butt-welded seams (lon- 
gitudinal and circumferential and intersections) in 
furnaces and reversal chamber wrapper plates shall 
be non-destructively tested by radiographic and/or 
ultrasonic techniques. 

5.5.5.6 Branch welds and fillet welds 

For branch welds and fillet welds welded to the 
same procedure, 10 YO of the total length of welding 
shall be non-destructively tested when the thickness 
of the parts being joined exceeds 30 mm. For branch 
welds and fillet welds where the parts being joined 
are less than 30 mm thick, 5 of the total length of 
welding shall be so examined. 

The location of the weld to be non-destructively 
tested shall be selected at random by the inspecting 
authority. If any of the welds of the same type tested 
are found to be unsatisfactory, the extent of the 
non-destructive testing shall be increased at the 
discretion of the inspecting authority. 

The non-destructive techniques employed shall be 
magnetic particle or liquid penetrant except in the 
case of branch welds when the thickness of the 
parts being joined exceeds 30 mm, in which case 
ultrasonic techniques shall be used. 

For a given piece of equipment, the branch welds 
and fillet welds shall be tested as for the main welds 
( I O  O h  or 100 Yo) if their diameter is greater than 
500 mm. 

5.6 Openings in or adjacent to welds 

Openings in or adjacent to welded seams should be 
avoided especially when this seam is not stress re- 
lieved. The minimum distance from the centre-line 
of the welded seam to the nearest point of the weld 
of the connection, or edge of the opening, should be 
60 mm, or four times the shell plate thickness, 
whichever is the larger. 

Where this is not possible, it is recommended that 
the opening crosses the welded seam completely 
and in such a manner that the tangent at the point 
where the axis of the seam meets the edge of the 
opening makes an angle with this axis as close as 
possible to 90". In this case the welded seam shall 
be non-destructively tested for a length of 60 mm, 
or  four times the shell plate thickness, whichever is 
the larger, at each side of the opening. 

5.7 Fillet welds 

5.7.1 Fillet welds may be employed as strength 
welds for pressure parts within the limitations as 
indicated in annex B. In order to ensure complete 
fusion at the root of the fillet welds, particular care 
shall be taken in the layout of joints with fillet welds. 

5.7.2 Corner or T-joints may be made with fillet 
welds provided that the plates are properly sup- 
ported independently of such welds, except that in- 
dependent supports are not required for joints such 
as lugs for platforms, ladders and other similar at- 
tachments. 
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5.8 Fabrication 

5.8.1 General 

5.8.3.2 Test welds 

The weld quality shall be in accordance with the re- 
quirements of this International Standard. The 
methods of welding main seams shall provide full 
penetration, and it shall be demonstrated by quali- 
fication tests that the welding method can produce 
a weld that is free from significant defects. 

Preheating shall be provided in accordance with ta- 
ble 8. 

In the case of high carbon steels, and also for thick 
plates, preheating and inspection for cracks may be 
necessary (see also 2.6.1). 

1 

Table 8 - Recommended preheating temperatures 
for weldin 

TYPe 

Carbon and 
carbon 
manganese 
steel, 
4 0,25 % C 

of Plates. sections, bars and forgings 
Hydrogen 

controlled weld 
metal 

Minimum * < 30 

Non-hydrogeq 
controlled weld metal 

Material 
thickness1) 

mm 

< 20 
> 20 < 50 2) 

Minimum 
we- 

heating 
tempera- 

ture 

pc 
5 

1 O0 

1) The greatest component thickness at the joint. 
2) It Is recommended that only hydrogen contrplled weld 
metal Is used for thicknesses greater than 50. 

5.8.2 Welding processes 

Details of welding processes are not defined herein. 
Any process is acceptable provided that the re- 
quirements of the procedure qualification tests are 
met. 

5.8.3 Welding procedure qualification 

5.8.3.1 Procedure agreement 

The welding procedures used by the manufacturer 
shall have been certified by the inspector or the in- 
specting authority in accordance with the require- 
ments of this International Standard. Previous 
qualification of procedures in accordance with the 
appropriate national standards may be acçeptbd in 
lieu by agreement with the inspecting authority. 

All test welds for welding procedure qualifications 
shall be carried out as butt welds. 

If the production welding is to be done in the flat 
position, the procedure test plate shall also be 
welded in the flat position. If the production welding 
is to be done in any other position, the procedure 
test weld shall be welded in a similar position. All 
positions falling within the limits of any fundamental 
welding position as established by IS0 6947 are re- 
garded as similar positions. 

For fillet welds, a more representative testing shall 
be applied, if thought necessary, by agreement be- 
tween manufacturer, purchaser and inspecting 
and/or regulating authority. 

5.8.3.3 Requirements 

Apart from the requirements specified in 5.8.3.1 and 
5.8.3.2, procedure qualification test welds for all 
pressure parts of pressure vessels, including pipes 
and tubes, shall be made in such a manner that the 
welds can be considered representative of those 
made in production, taking into account the follow- 
ing particulars. 

a) Type of base metal 

The procedure qualification test plates or test 
pipes shall be made from steel with a tensile 
strength in the same range as that of the steel to 
be used in the construction, and having a 
chemical composition approximately corre- 
sponding, in so far as practicable, to the most 
unfavourable analysis from the standpoint of 
weldability and within the limits of the material 
specification of the steel concerned. 

b) Electrodes, filler material, flux and arc shielding a 
gas 

Welding filler materials, i.e. electrodes as well 
as combinations of wire, powder and shielding 
gas combinations, shall be to the same standard 
or manufacturing specification, for both the pro- 
cedure qualification and the production welds. 

c) Type of joint preparation 

Subject to agreement with the inspecting auth- 
ority, a change of joint preparation for hand 
welding may be made without further testing. For 
semi-automatic or automatic processes, any 
substantial change in plate edge preparation will 
require a further test. 

ci) Welding technique 

A new procedure qualification test is required in 
the following cases: 
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Macro- 
etch 

1) if in arc welding, the current and speed of 
welding and, for submerged arc welding, the 
voltage used, are appreciably changed; 

tests for 

thicknesses 
> 10 mm 

2) if a backing strip is added or omitted; 

3) if in machine welding, a change is made from 
multiple-pass welding per side to single-pass 
welding per side, or vice versa. 

e) Welding process 

The welding process and, in the case of semi- 
automatic or automatic welding, the type of 
welding device, shall be the same for the pro- 
cedure qualification test and for the production 
welds. 

f) Preheating and delayed cooling 

The temperature of preheating, any heat treat- 
ment immediately following welding, and any 
control of cooling rate, shall be the same for the 
procedure qualification test and for the pro- 
duction welds. 

However, if the preheat temperature in pro- 
duction work is for practical reasons increased 
by less than 100 OC, this change will not 
necessitate a new procedure qualification test. 

g) Subsequent heat treatment 

The subsequent heat treatment, i.e. normalizing, 
tempering or stress relieving, shall be the same 
for the welding procedure test and the production 
welds. 

5.8.3.4 Thickness 

For metal-arc welding, a procedure qualification 
shall be valid for thicknesses from 0,75 to I,!? times 
the thickness of the procedure qualification test 
plate. 

For oxy-acetylene welding, the plate thickness shall 
be the maximum thickness for which the procedure 
qualification shall be valid. 

5.8.3.5 Size of test plates 

The test plates for procedure qualification for butt 
welds in plates shall be of sufficient size to provide 
for the same tests as are required for the testing of 
production welds. A typical example for the way of 
taking specimens aut of the test plate is shown in 
figure 40. 

5.8.3.6 Special requirements for pipes and lubes 

The test plates for procedure qualification for butt 
welds in pipes and tubes shall consist of two pieces 

of pipe or tube joined by a circumferential butt weld 
and shall provide for the number of test specimens 
given in tableg. 

Table 9 - Test specimens to be taken from the test 
plates for butt-welded pipes and tubes 

Outside 

G 5 1  mm 
> 5 1  mm 

Root 
bend 
test 

- 
2 
3 

I Jmpact I 

**I 5.8.3.9 b) 

I 1) The cross tensile test piece for tubes < 51 mm 
shall be the welded pipe as a whole. I 

A separate piece of welded pipe or tube shall be 
required for the preparation of root bend and 
macro-etch test specimens in the case of tubes or 
pipes where D Q 51 mm. 

If a backing strip is used, it shall be left in position 
in the macro-etch specimen and in the tensile test 
made on a welded pipe as a whole. The backing 
strip shall be removed from all other test specimens. 

The test plates shall be welded in the position 
adopted in practice, using, if necessary, the four 
basic pipe positions 

a) horizontal rotating, 

b) vertical, 

c) horizontal fixed, and 

d) inclined at 45" to horizontal - fixed. 

Position c) qualifies for position a). 

Position d) qualifies for positions a), b) and c). 

The manner in which the test specimens shall be 
taken from test plates is shown in figure41 a). 

The macro-etch test specimen shall be taken from 
that pari of the periphery of the weld which corre- 
sponds to what is regarded as the most difficult 
welding position in the case concerned. 

The tensile test specimens shall be made in ac- 
cordance with 5.8.17.3 except that the minimum 
width of the curved specimen shall be 20 mm. 

The bend test specimens shall have the widths 
specified in table I O .  
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Table 10 - Widths of bend test specimens fo). pipes 
and tubes 

Outside pipe 
test piece 

1) With a maximum of 38 mm. 

The bend test specimens shall be cut with the edges 
parallel as shown in figure41 b), and shall have the 
corners rounded or dressed to a radius of approxi- 
mately 1,5 mm. 

The bend test specimens shall be bent without being 
straightened, after removal of the weld reinforce- 
ment down to the level of, but not below, the surface, 
round a former of diameter 3t and through an angle 
of 90". 

5.8.3.7 Non-destructive testing of test plates 

The test plates for procedure qualification shall be 
subject to non-destructive testing of the weld (see 
5.5). 

5.8.3.8 Assessment of test pieces 

The results of the tests and examination of welding 
procedure qualification test pieces shall satisfy the 
requirements for welded production test plates (see 5.10). I 

5.8.3.9 Selection and results of tests 

The welds in test procedure plates shall be sub- 
jected to non-destructive testing. If, in a test plate, 
weld defects which are unacceptable in accordance 
with this International Standard are revealed by 
non-destructive examination, a new procedure test 
plate shall be prepared. Test specimens shall be 
selected from those parts of the test plate which 
contain the best quality welding in that test plate. 

a) Tensile and bend specimens 

When a tensile or a bend test specimen fails to 
meet the specified requirements, two repeat 
tests for each failure shall satisfy the require- 
ments of this International Standard. 

b) Impact tests 

Three test specimens are required. 

The test results are acceptable if the mean value 
is 27 J or more, and at the same time only one 
of the specimens shows a value not lower than 
20 J. 

If the required mean value is not met, or if only 
one of the specimens shows a value below 20 J, 
then three supplementary test specimens shall 
be taken and tested. 

On the basis of the above, the results shall be 
considered acceptable i f  the mean value of all 
six specimens is 27 J or more and at the same 
time only two specimens show values below 
27 J and only one of these has a value 
below 20 J. 

If one specimen fails due to an obvious defect, 
the result may be disregarded and one replace- 
ment specimen may be taken. However, only one 

O replacement specimen is allowed in a test se- 
ries. 

If the retests are not consistent with the require- 
ments of this International Standard, an investi- 
gation of the reason shall be made before the 
whole procedure is repeated. 

5.8.3.10 New welding procedure qualification 

A completely new welding procedure qualification is 
mandatory when a substantial change is made in 
the essential variables as listed in 5.8.3.1 to 5.8.3.4 
inclusive. 

5.8.3.1 1 Acceptance of welded production test 
plates 

Welded production test plates, when accompanied 
by all the relevant data necessary for a welding 
procedure test and certified by the inspector or in- 
specting authority, shall be considered as equivalent 
to procedure qualification tests. 

5.8.3.12 Records of tests 

Records of tests shall be kept and shall be available 
for examination, if required. Suggested model forms 
for these records are given in annex F. 

5.8.4 Welder's competence qualifications 

5.8.4.1 General 

Each welder shall be qualified in conformity with the 
welder's competence qualification tests specified in 
this International Standard. Previous welder's com- 
petence qualification tests in accordance with the 
appropriate national standards may be accepted in 
lieu by agreement with the inspecting authority. 
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5.8.4.2 Butt welds on plate and pipe 

Test welds of the butt-welded type on plates for 
welder’s competence qualification shall have a 
length of at least 300 mm and not less than five 
times the plate thickness. These test welds shall be 
submitted to visual and radiographic examination 
(see 5.5) and to macro-etching of a cross-section of 
the weld. 

In the case of welds made by the oxy-acetylene 
process or by the dip transfer (short arc) process, 
as many additional root bend tests shall be made 
as the size of the test coupon permits. These root 
bend test specimens shall conform to those required 
for the testing of welded production test plates (see 
5.8.17.3.3 -2). 

For these two processes, test welds of the butt- 
welded type for welder’s competence qualification 
on pipes or tubes shall be tested by means of bend 
test pieces of the number, width and conditions of 
bending in accordance with 5.8.3.6. 

5.8.4.3 Fillet welds 

Test welds for welder’s competence qualification 
shall be carried out as fillet welds representative of 
those under consideration; typical test welds are 
shown in figure42. These test welds shall be broken 
and the appearance of the rupture as well as a 
macro-etching of a cross-section of the weld shall 
be examined. 

When welders are required to requalify (see 
5.9.2.2), the fillet weld tests may be omitted with the 
agreement of the inspecting authority provided that 
the welder qualifies for butt welding. 

5.8.4.4 Conditions of qualification 

Test welds for welder’s competence qualification 
shall be carried out in exactly the same way and 
under the same conditions as laid down for quali- 
fication of the welding procedure. 

Changes in the welding procedure which entail re- 
qualification shall also require requalification of 
welder’s competence, except where these are 
modified by the essential variables as given in 
5.8.4.5. 

The relaxations listed in 5.8.4.5 may only be applied 
provided that for all processes except the oxy- 
acetylene and dip transfer processes, the welder’s 
competence qualification is judged by means of 
radiography or ultrasonic examination, supple- 
mented by other non-destructive testing methods 
where this is considered necessary. 

If mechanical testing methods are used to evaluate 
the competence qualification test welds, the pro- 
cedure used shall be exactly the same as for the 

welding procedure test piece. Welder’s competence 
qualification tests in oxy-acetylene or dip transfer 
processes may be judged by non-destructive testing 
provided that, in addition, the bend test require- 
ments specified in 5.8.4.2 are also met. 

5.8.4.5 Requirements and influence of essential 
variables for welder‘s competence qualification 

5.8.4.5.1 Base metal 

A change in base metal composition shall not entail 
requalification. 

5.8.4.5.2 Position 

5.8.4.5.2.1 Plate 

A qualification test is required within the limits of 
each of the four fundamental welding positions (see 
IS0 6947) in which it is intended to weld in pro- 
duction. 

Qualification tests in the fundamental positions 
cover for intermediate positions. 

Qualification on plate shall not qualify for welding 
pipe or tube. 

5.8.4.5.2.2 Pipe and tube 

Qualification by means of welding a pipe or tube in 
the horizontal fixed position shall qualify for welding 
pipe, tube or plate in all positions, except for 
circumferential welds in vertical pipes or tubes or 
for horizontal-vertical welds in plate. Qualification 
for circumferential welds in vertical pipes or tubes 
shall necessitate welding in the vertical fixed pos- 
ition and this shall also qualify for 
horizontal-vertical welds in plate and for interme- 
diate positions. Alternatively a qualification test in 
the inclined position may be substituted. 

5.8.4.5.3 Thickness 

The range of validity of thickness shall be within the 
following limits. 

5.8.4.5.3.1 Oxy-acetylene process 

A qualification test in the thickness range less than 
or equal to 4 mm shall qualify for any other thick- 
ness in that range. A qualification test in a thickness 
greater than 4 mm shall qualify for thicknesses of 
4 mm and greater, up to and including the nominal 
thickness of the test plate. 

5.8.4.5.3.2 TIG process 

A qualification test in the thickness range less than 
or equal to 4 mm shall qualify for any other thick- 
ness in that range. A qualification test in the range 
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greater than 4 mm and less than or equal to 20 mm 
shall qualify for any other thickness in that range. 

A qualification test in a thickness greater than 
20 mm shall qualify for any thickness over 20 mm. 

5.8.4.5.3.3 Automatic, semi-automatic or manual 
electric process 

A qualification test on plates of thickness smaller 
than 12 mm qualifies for any other thickness ,in the 
range 0,75 to 1,5 times the thickness of thB test 
plate. A qualification test on plates of thicknesses in 
the range 12 mm to 15 mm qualifies for all thick- 
nesses exceeding 8 mm. 

A qualification test on pipes or tubes of thicknesses 
smaller than 20 mm qualifies for any other thickness 
in the range 0,75 to 1,5 times the thickness of the 
test plate. A qualification test on pipes or tubes of 
thicknesses over 20 mm qualifies for all thicknesses 
exceeding 15 mm. 

5.8.4.5.3.4 Partially welded seams 

When only part of a seam is to be welded by a par- 
ticular process (for example root runs, etc.), partially 
welded seams may be subjected to the qualification 
test. However, the number of runs used in the test 
weld shall not be less than may be required in pro- 
duction. 

5.8.4.5.4 Filler metal and shielding gas 

5.8.4.5.4.1 Dip transfer process 

Any change in the composition of the filler wire or 
in the wire manufacturing process or in the compo- 
sition of the shielding gas which has no effect upon 
the welding or running characteristics shall not en- 
tail requalification. 

5.8.4.5.4.2 Metal-arc process 

Welder qualification tests made with basicttype 
coated electrodes qualify also for welding with acid- 
or rutile-type electrodes but not vice versa. 

Welder qualification tests made with cellulosic-type 
coated electrodes qualify for welding with this type 
of electrode only. 

Furthermore, qualification validity shall, for the flat 
position, extend to a change in electrode size of 
plus-or-minus one IS0 nominal diameter, but for 
other positions, the range of qualification validity 
shall be limited to the electrode size used in testing 
and one IS0 nominal diameter smaller. 

44 

5.8.4.5.4.3 TIG process 

A change in filler metal within the limits of compo- 
sition appropriate to this International Standard, or 
in gas composition which has no effect on the weld- 
ing or running characteristics, shall not entail re- 
qualification. 

5.8.4.5.5 Automatic and semi-automatic processes 

Qualification validity shall be limited to each indi- 
vidual process. However, a change in flux, in wire 
size, in the speed of welding, or in the electrical 
parameters (e.g. voltage, current intensity, AC or 
DC, etc.) need not entail requalification. 

5.8.4.5.6 Joint preparation 

A change in the form of joint preparation need not 0 
entail requalification provided that the alteration will 
not adversely affect the ease of welding. 

In the case of branch and nozzle welds etc., a 
change in joint preparation within the range of typi- 
cal forms recommended herein (see annex B) need 
not entail requalification. 

5,8.4,5,7 Pipes and tubes 

Qualification for welding pipes or tubes shall be 
subject to all the effects of changes in the essential 
variables as specified herein, and in addition, the 
validity range shall extend to the following limits: 

a) a qualification test done on a pipe or tube with 
an outside diameter D less than 165 mm quali- 

0 
fies for any other diameter in the range 0,5D to 
1,5D; 

b) a qualification test done on a pipe or tube having 
an outside diameter V equal to or greater than 
165 mm qualifies for all diameters greater than 
80 mm. 

5.8.4.5.8 Branches and other openings 

Qualification for welding branch, nozzle and similar 
joints, in all positions, shall be carried out on pipe 
in accordance with the rules for qualifying pipe or 
tube welding (see 5.8.4.5.7). 

However, qualification for welding such joints in the 
flat position only may be carried out in accordance 
with the rules for qualifying plate welding. In this 
ease, the thickness limits (see 5.8.4.5.3) shall refer 
to the throat thickness of the welds used in pro- 
duction and not to the thickness of the branch, noz- 
zle or shell. 
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5.8.4.6 Requirements on test welds 

The appearance of the test welds, the macro-graphs 
where required, and the radiographs of these test 
welds shall conform to the requirements for accept- 
ance of the production welds. 

5.8.4.7 Records of test 

Records of test shall be kept, and shall be made 
available for examination if required. Suggested 
model forms for these records are given in 
annex F. 

5.8.4.8 Validity of the procedure qualification test 
as welder’s competence qualification test 

A welder who has successfully carried out a welding 
procedure qualification is thereby qualified for 
welder’s competence in the procedure concerned. 

5.8.4.9 Repetition of tests 

The required test shall be repeated if 

a) the records of the welder show unsatisfactory 
production work; 

b) a qualified welder has not been employed in the 
welding of pressure-retaining parts within the 
scope of the welder’s competence qualification 
test within the previous 6 months, or if his quali- 
fication documents are not available. 

When access to records is limited, or other special 
conditions pertain, supplementary tests may be re- 
q u ired. 

5.8.5 Lowest permissible temperatures for 
welding 

It is recommended that no welding of any kind be 
done when the temperature of Ihe base metal is 
lower than - 20 “C. At temperatures between 
- 20 “C  and O OC, the surface of all areas within ap- 
proximately 75 mm of the point where a weld is to 
be started shall be heated to a temperature at least 
warm to the hand (estimated to be above 15 OC) be- 
fore welding is started. lt is also recommended that 
no welding be done when surfaces are wet or cov- 
ered with ice, when snow is falling on the surfaces 
to be welded, or during periods of high wind, unless 
the welders or welding operators and the work are 
properly protected. 

5.8.6 Cutting, fitting and alignment 

5.8.6.1 Thermal cutting of plate, sections, bars and 
forgings shall be at a temperature greater than 
5 OC. 

5.8.6.2 Plates shall be cut to size and shape by 
thermal cutting and/or machining. 

For plates not greater than 15 mm in thickness, cold 
shearing may be used provided that the edges are 
examined (visually or otherwise) and found suitable 
for we Id i n g . 

5.8.6.3 Plates that are being welded shall be fitted, 
aligned and retained in position during the welding 
operation. 

Bars, jacks, clamps, tack welds, or other appropriate 
means may be used to hold the edges to be welded 
in line. Tack welds shall be removed unless they are 
completely fused into the weld. 

The edges of butt joints shall be held during welding 
so that the tolerances of 5.8.10 and 5.8.11 are not 
exceeded in the completed joint. When fitted girth 
joints have deviations exceeding the permitted toi- 
erances, the head or shell ring, whichever is out-of- 
true, shall be adjusted until the errors are within the 
limits specified. Where fillet welds are used, the 
pieces shall fit closely. 

5.8.7 Longitudinal joints 

Longitudinal seams in shells, drums and headers 
may be welded from both sides, or from one side 
only if the welding procedure test shows acceptable 
results. If a backing strip is used, it shall be removed 
after welding and prior to any required non- 
destructive tests and shall be of such material that 
it will not adversely influence the weld. 

5.8.8 Circumferential joints 

If circumferential seams in shells and drums are 
welded from one side with the use of a backing strip, 
this backing strip shall be removed after welding 
and prior to any required non-destructive testing. 

The material of a backing strip shall be such that it 
will not adversely influence the weld. 

5.8.9 Surface condition before welding 

The surfaces to be welded shall be clean and free 
from foreign material, such as grea 
lubricants, and marking paints, for a dista 
least 25 mm from the welding edge. Detrimental ox- 
ide shall be removed from the weld metal contact 
area. When weld metal is to be deposited over a 
previously welded surface, all slag shall be removed 
by a roughing tool, chisel, air chipping hammer, or 
other suitable means so as to prevent inclusion of 
impurities in the weld metal. 
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Thicker plate thickness 
h 

mm 

5.8.10 Middle line alignments (see figure 43) 

Maximum misalignment 
d, or d’, 

mm 

For longitudinal joints, the middle lines of the plates 
shall be in alignment within 10 % of the thickness 
of the thicker plate 

dl O,Ib 

b > 48 

with a maximum of 3 mm. 

h/16 but not greater than 10 

However, the limits for the alignments of the mid- 
lines may be exceeded where the design requires 
that the mid-lines be offset for some technical rea- 
sons, these offsets being taken into account in the 
calculations. 

h 

5.8.11 Surface alignment tolerances 
(see figure 43) 

d2 or d’, 

mm 

5.8.11.1 Circumferential joints 

b 20 

20 < h f 40 

40 < b G 50 

h > 50 

The maximum misalignment at the surface of the 
plates shall be as given in table 11. If this misalign- 
ment would otherwise be exceeded, the surface of 
the thicker plate shall be tapered with a slope bf 1:4. 

b14 

5 

h/8 

&/8 but not greater than 20 

Table 11 - Maximum misalignment of plates with 
circumferential joints 

1 Thicker plate thickness I Maximum misalignment 1 

5.8.11.2 Longitudinal joints 

The misalignment at the surface of the plates shall 
not exceed the values given in table 12. 

If this misalignment would otherwise be exceeded, 
the surface of the thicker plate shall be tapered with 
a slope of 1:4. 

I 614 I b G  12 

I 3 I 12 e b G 48 

5.8.12 Finished longitudinal and 
circumferential joints (see figure 43) 

All welds shall have a smooth finish without valleys 
and shall merge into the plates without significant4) 
under-cutting or abrupt Irregularity. 

To ensure that the weld grooves are completely 
filled so that the surface of the weld metal at any 
point does not fall below the surface of the adjoining 
plate, weld metal may be built up as reinforcement 
on each side of the plate. This reinforcement shall 
not exceed the thicknesses given in table 13. 

The reinforcement need not be removed except to 
the extent that it exceeds the permissible thickness, 
or if required by 5.8.14.4, 5.9.4.2.1 and G.4. 

Table 13 - Maximum reinforced thickness for 
finished longitudinal and circumferential joints in 

plates 

thickness 

b <  12 

I 3 I I 12 h a 2 5  

I 5 I b > 25 I 

5.8.13 Fillet welds 

All fillet welds shall be made in such a way that 
there is no significant4) under-cutting or other harm- 
ful effects. For strength fillet welds, the weld metal 
shall be deposited in such a way that adequate 
penetration into the base metal at the root of the 
weld is secured, and sufficient weld metal shall be 
deposited to meet the calculated requirements. 

4 )  Under-cutting is regarded as significant if it is approximately 0,5 mm deep. 
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5.8.14 Miscellaneous weldfng requirements 

5.8.14.1 Double-sided welds 

The reverse side of double-welded joints shall be 
cleaned back to sound metal before applying weld 
metal from the reverse side. This requirement is not 
intended to apply to any process of welding by which 
proper fusion and penetration are otherwise ob- 
tained and by which the base of the weld remains 
free from impurities. 

5.8.14.2 Restart 

If the welding is stopped for any reason, extra care 
shall be taken on restarting to obtain the required 
penetration and fusion. 

For submerged arc welding, chipping out a groove 
in the crater is recommended. 

5.8.14.3 Single-sided welds 

Where single-welded joints are used, particular care 
shall be taken in aligning and separating the com- 
ponents to be joined so that there will be complete 
penetration and fusion at the bottom of the joint for 
its full length. 

5.8.14.4 Plates welded prior to hot or cold forming 

When necessary, plates may be butt welded to- 
gether prior to hot forming, provided that the welded 
joint is non-destructively tested after hot forming 
and a test plate of the weld (subjected to the same 
heat treatment) is examined. 

Cold forming of welded plates is allowed under the 
following conditions. 

a) Forming precautions 

Before cold forming, the weld reinforcement 
shall be ground smooth, and the manufacturer 
shall take precautions, where necessary, in or- 
der to avoid crack formation in weld metal or the 
heat-affected zone. 

b) Limiting thicknesses 

The limiting thicknesses are as follows: 

1) up to 20 mm thickness for coarse-grained 
steels; 

2) up to 25 mm thickness for fine-grained steels. 

c) Forming 

If the inside radius of curvature after forming is 
less than 10 times the thickness, an appropriate 
heat treatment shall be applied, as agreed be- 
tween purchaser, manufacturer and inspecting 
and/or regulating authority. 

d) Control 

After cold forming, the welded joints shall be 
visually examined and non-destructively tested 
throughout their length. Joints of any thickness 
which have been cold formed to an inside radius 
less than that specified in c) shall be inspected 
for cracks by magnetic or penetrant methods or 
by other agreed methods. The method to be used 
shall be agreed by the purchaser and the in- 
specting and/or regulating authority. 

5.8.14.5 Re-rolling 

Cold roiling of  a welded shell to rectify a small de- 
parture from circularity is permitted. 

5.8.14.6 Heat treatment 

In cases where heat treatment is mandatory under 
the requirements of this International Standard, the 
attachment of nozzles, pads, branches, pipes and 
tubes, and non-pressure parts by welding shall be 
done before final heat treatment. 

However, exceptions are permitted when agreed 
between the manufacturer, purchaser and inspect- 
ing and/or regulating authority, taking into account 
the working conditions of the boiler and the ma- 
terials used. In this instance, local preheating and 
non-destructive testing (crack detection) is necess- 
a ry. 

5.8.14.7 Attachments 

5.8.14.7.1 Lugs, brackets, stiffeners, and other at- 
tachments shall conform reasonably to the curva- 
ture of the shell or other surface to which they are 
to be attached. 

5.8.14.7.2 Temporary attachments welded to the 
pressure parts shall be kept to a practical minimum. 

5.8.14.7.3 Temporary attachments shall be re- 
moved prior to the first pressurization unless they 
have been designed to the same standard as per- 
manent attachments. 

5.8.14.7.4 The welding of all attachments shall be 
carried out by approved welders and according to 
an approved procedure. 
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5.8.14.7.5 Welds of permanent major load-carrying 
attachments to pressure parts shall be examined by 
appropriate non-destructive testing. 

5.8.14.8 Removal of attachments 

5.8.14.8.1 Where construction attachments are to 
be removed, the technique used shall be such as to 
avoid impairing the pressure part proper. Such re- 
moval shall be by chipping, grinding, or thermal 
cutting followed by chipping or grinding. 

5.8.14.8.2 The areas from which temporary attach- 
ments have been removed shall be dressed srliooth 
and be examined by an appropriate non-destructive 
test. 

5.8.15 Repair of weld defects 

Any repair to a weld carried out by the manufacturer 
shall be reported to the inspecting authority. If the 
repair is made as a consequence of a radiographic 
examination, the films of the original defects shall 
be made available (see 5.9.1). 

It is the responsibility of the manufacturer, after due 
consideration of the importance and number of de- 
fects to be removed, to decide whether to carry out 
a number of local repairs, or to produce a new 
complete joint after cutting or grinding of the weld 
concerned. 

The welding procedures for local or complete re- 
pairs shall be approved. If the defects bein$ re- 
paired do not require the use of a welding procedure 
different from that already approved for use by the 
manufacturer, and if the manufacturer decides to 
use this procedure for the above-mentioned repair, 
no approval test shall be necessary. The repair shall 
be carried out by an approved welder. 

In the case of a difficult repair the manufacturer 
shall inform the inspecting authority. 

In the case of recurring unacceptable defects, the 
cause shall be investigated and the inspecting 
authority informed. 

5.8.16 Heat treatment 

5.8.16.1 Post-weld heat treatment 

The temperature to which plain carbon and carbon 
manganese steels shall be heated for stress-relief 
purposes shall be within the range of 550 "C mini- 
mum to 620 "C maximum. The holding time within 
this temperature range shall be 2 min/mm, with a 
minimum of 30 min and a maximum of 120 min. 

The procedures in 5.8.16.1.1 to 5.8.16.1.7 shall be 
adopted for application of the heat treatment. 

5.8.16.1.1 The temperature of the furnace, at the 
time the boiler is placed in it, shall not exceed 
300 OC, depending on the boiler involved. 

5.8,16.1.2 The rate of heating above 300 "C shall 
not exceed the rates given in table 14. 

Table 14 - Rate of heating above 300 "C during 
Dost-weld heat treatment 

Shell or end plate 
thickness Rate of heating I 

I e < 25 mm I 220 "Cfh I 
I e > 25 mm 5 500/e "Clh or 55 "Cfh, 

whichever is the greater I I I I 

5.8.16.1.3 During the heating period, the tempera- 
ture variation between points 4,5 m apart shall not 
exceed 150 OC, and when at the holding tempera- 
ture, the temperature throughout the portion of the 
boiler being heated shall be within the range 
550 "C minimum to 620 "C maximum as specified in 
5.8.16.1. 

5.8.16.1.4 During the heating and holding periods, 
the furnace atmosphere shall be so controlled as to 
avoid excessive oxidation of the surface of the 
boiler. There shall be no direct impingement of the 
flame on the boiler. 

5.8.16.1.5 The boiler shall be cooled in the furnace 
to 300 "C at a rate not exceeding the rates given in 
table 15. 

0 
Table 15 - Rate of cooling to 300 "C during 

post-weld heat treatment 
- 

I I Rate of cooling Shell or end plate 
thickness I 

I e < 25 mm I 275 "C/h I 
e > 25 mm 6 875/e 'Clh or 55 "Clh, 

whichever is the greater 

5.8,16,1.6 Below 300 OC, the boiler may be cooled 
in still air. 

5.8.16.1.7 The temperatures specified shall be the 
actual temperatures of any pari of the boiler and 
shall be determined using thermocouples in contact 
with the boiler. 
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5.8.16.1.8 A sufficient number of temperatures shall 
be recorded continuously and automatically. Several 
thermocouples shall be applied to ensure that the 
whole boiler, or the part of the boiler being heat 
treated, is within the range specified, and additional 
pyrometers shall be utilized to check that undesir- 
able thermal gradients do not occur. 

5.8.16.2 Other heat treatments 

If a normalizing heat treatment has to be carried out, 
the part to be normalized shall be brought up to the 
required temperature slowly and held at that tem- 
perature for a period just sufficient to soak the part 
thoroughly through. If the geometry of the part 
causes insufficiently homogeneous cooling, a 
stress-relieving heat treatment shall be applied after 
the normalizing heat treatment. 

5.8.16.3 Heat treatment of test plates 

Where a welded production test plate is required, it 
shall be placed inside the pressure part it rep- 
resents during heat treatment, or, where this is im- 
practicable, the test plate may be placed alongside 
the pressure part it represents, in the furnace, in 
such a position that it will receive similar heat 
treatment. 

The test plate may be heated separately from the 
pressure part, provided that means are adopted to 
ensure that the following factors are the same for 
the test plate and for the pressure part: 

a) rate of heating, maximum temperature; 

b) time held at temperature; 

c) condition of cooling. 

Heat treatment temperatures of separately heated 
test plates shall be recorded. 

5.8.17 Production testing 

5.8.17.1 Weld production test plates 

5.8.17.1.1 Where shell boilers or parts thereof are 
welded with a weld factor of v = 1, production tests 
shall be performed to prove the quality of the pro- 
ducts delivered. 

Production test plates shall be provided at the rate 
of one for each 10 m of welding, with at least one for 
each shell welded to the same procedure, in the 
case of longitudinal welds, and one for each 30 rn 
of welding to the same procedure, in the case of 
circumferential welds. 

If the circumferential welds are made to the same 
procedure as the longitudinal welds no test plates 
need be provided for the circumferential seams. 

IS0  57301992(E) 

5.8.17.1.2 Where shell boilers or parts thereof are 
welded with a weld factor of v = 0,8, production test 
plates shall be provided at the rate of one for each 
100 m of welding to the same procedure, in the case 
of longitudinal welds, and one for each 300 m of 
welding to the same procedure, in the case of 
circumferential welds. 

If the circumferential welds are made to the same 
procedure as the longitudinal welds no test plates 
need be provided for the circumferential seams. 

5.8.17.1.3 When boilers with a weld factor of 
v=O,8 are manufactured along with boilers with a 
weld factor of v =  1, and are welded to the same 
procedure, destructive tests are not required for the 
boilers with a weld factor of v=O,8, provided that 
sufficient test plates are produced to cover the total 
length of welding involved. 

5.8.17.1.4 Production test plates for longitudinal 
seams shall be welded as a continuation of a longi- 
tudinal seam. For a weld factor of v = 1, the material 
for the production test plates shall be from the same 
batch as the shell, and for a weld factor of v = O,& 
the material for the production test plates shall be 
to the same specification as plates local to the searn 
represented. 

5.8.17.1.5 The tests on weld production test plates 
shall comprise 

a) one reduced section tensile test, transverse to 
the weld, 

b) one ail-weld-metal tensile test (only required for 
plate 20 mm thick and over), 

c) one face bend test, 

d) one reverse bend test, 

e) three impact tests - V-notch of the weld metal 
(only required for plate 10 mm thick and over), 
and 

r) one macro-test. 

The results of all the tests shall be recorded. If any 
test specimen shows an unsatisfactory result the 
reason for the failure shall be investigated and two 
retest specimens shall be prepared and tested. If it 
can be shown that the failure has resulted from a 
local or accidental defect and the retest results are 
satisfactory the retest results shall be accepted. 

5.8.17.1.6 If so desired, weld test plates may be 
provided at both ends of a longitudinal seam, in 
which case the dimensions of the test plates shall 
be sufficient to take the required test specimens out 
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of one of them, and the specimens for any necessary 
retesting out of the other. 

5.8.17.1.7 The test plates shall be supported or re- 
inforced during welding in order to prevent undue 
warping. 

The test plates shall be subjected to the same heat 
treatment as required for the work piece to which 
they belong. 

Test plates which have warped during welding may 
be straightened at a temperature below the tem- 
perature of heat treatment of the shell to which they 
belong. Straightening shall be done before final heat 
treatment. 

5.8.17.2 Non-destructive testing of test welds 

The test welds shall be subjected to non-destructive 
testing by the same technique as the production 
welds represented, and i f  unacceptable defects are 
revealed, the whole of the production welds rep- 
resented by the test plates shall be subjected to 
non-destructive testing for 100 % of their length. 

If any defects in the weld of a test plate are revealed 
by non-destructive testing, their position shall be 
clearly marked on the plate and test specimens 
shall be selected from such other parts of the test 
plate as may be agreed upon between the manu- 
facturer and the inspecting authority. 

The cause of such defects in the production test 
plate shall be ascertained. 

5.8.17.3 Test specimens and dimensions 

Production weld test plates shall make provision for 
the test specimens specified in 5.8.17.3.1 to 
5.8.17.3.5. 

5.8.17.3.1 Reduced section tensile test specimen 

One reduced section tensile test specimen1 cut 
transversely to the weld, or as many specimens as 
are necessary to investigate the tensile strength 
over the whole thickness of the joint, shall be taken. 

The dimensions of the reduced section tensile test 
specimen shall be those shown in figure44. 

The width of the reduced section shall be at least 
25 mm. 

If the plate thickness exceeds 30 mm the tensileltest 
may be carried out on several reduced section 
specimens, each having a thickness of at least 
30 mm and a width at the effective cross-section of 
at least 25 mm. 

These specimens shall be taken out of the test plate 
in such a way that the tensile test covers the whole 

thickness of the welded joint as shown in figure45. 
In this case, the result of the test of every test 
specimen concerned shall meet the requirements 
specified in 5.10.1. 

5.8.17.3.2 All-weld-metal test specimen 

The dimensions of the all-weld-metal tensile test 
specimen shall be those shown in figure46. 

The diameter do shall be the maximum possible 
consistent with the cross-section of the weld, but in 
no case more than 20 mm. 

The gauge length shall be equal to five times the 
diameter. 

Two all-weld-metal test specimens, one above the 
other, shall be taken if the thickness of the plate is 
greater than 70 mm. 

5.8.17.3.3 Bend test specimens 

5.8.17.3.3.1 General 

Two bend test specimens, one for direct and one for 
reverse bending, shall be taken transversely to the 
weld. Where the thickness of the plate permits, one 
shall be above the other. 

When the thickness of the plate exceeds 20 mm, 
face bend and root bend tests may be substituted 
by side bend tests. When welds are made from one 
side only, one bend test may be a side bend test, 
but at least one shall be a normal bend test with the 
root of the weld in tension. 

5.8.17.3.3.2 Face and root bend tests 

5.8.17.3.3.2.1 The bend test specimens shall be 
rectangular in section so as to have a width equal 
to 1,5 times the thickness of the specimen, but not 
less than 30 mm. 

The surface of the specimen shall be machined just 
enough to remove the surface irregularities of the 
plate and the weld. 

The corners of the specimens shall be rounded to a 
radius not exceeding 10 % of the thickness of the 
specimen. 

5.8,17.3.3.2.2 Where the plate thickness does not 
exceed 30 mm, the thickness of the specimen shall 
be equal to the full thickness of the test plate. 

5.8,17.3.3.2.3 Where the plate thickness exceeds 
30mm, the specimen shall in all cases have a 
thickness of at least 30 mm. The specimen to be 
tested with the outer surface of the weld in tension 
shall be prepared by cutting to waste the metal local 
to the inner surface of the weld so that the desired 
specimen thickness is obtained. 
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5.8.17.3.3.2.4 The specimen to be tested with the 
inner surface of the weld in tension shall be pre- 
pared by cutting to waste the metal local to the outer 
surface of the weld so that the desired specimen 
thickness is obtained. 

5.8.17.3.3.3 Side bend test specimen 

5.8.17.3.3.3.1 The side bend test specimen shall be 
rectangular in section in accordance with figure 47. 
The diameter D of the former shall be such that the 
maximum width of the weld is always contained 
within the limits of the diameter of the former. The 
thickness of the specimen shall be at least 10 mm 
and proportional to the diameter of the former ac- 
cording to the type of steel (see 5.10.3). 

5.8.17.3.3.3.2 For plate thicknesses between 30 mm 
and 40 mm, the width b of the test specimen shall 
be the full thickness of the plate, and the upper and 
lower surfaces of the weld shall be dressed flush 
with the original surfaces of the material. 

5.8.17.3.3.3.3 When the plate thickness exceeds 
40 mm, it is allowed, i f  necessary, to substitute a 
full-thickness specimen by two or more specimens 
of equal width cut from the plate thickness, provided 
that the width of the specimens is not less than 
30 mm. 

5.8.17.3.4 Impact test specimen - V-notch 

Three V-notched bar impact test specimens shall be 
taken transversely to the weld as near as possible 
to the face side of the last pass of the weld. 

The V-notched bar impact test specimens shall be 
of the type and dimensions shown in figure48 and 
IS0 148. 

The notch shall be contained in the weld metal at 
approximately the axis of the weld, and the axis of 
the notch shall be perpendicular to the surface of the 
plate. 

The machining of the bottom of the notch shall be 
done very carefully. 

The impact tests shall be made on the specimen at 
a maximum temperature of 22 OC. 

5.8.17.3.5 Macro-test specimen 

One macro-test specimen shall be provided for. The 
macro-test specimen shall contain a macro-etch of 
a complete cross-section of the weld. 

5.9 Inspection and tests 

5.9.1 Check of welding procedure 

The inspector shall satisfy himself that t..e welding 
procedure employed in the construction of a boiler 
has been qualified under the requirements of 5.8. 

Welding production tests, when accompanied by all 
the relevant data necessary for a welding procedure 
test and certified by the inspecting authority, shall 
be considered as equivalent to procedure quali- 
fication tests. 

Records of tests shall be kept, and shall be made 
available for examination if required. 

5.9.2 Check of welder and welding operator 
qualifications 

5.9.2.1 The manufacturer shall certify that the 
welding on a vessel has been done only by welders 
and welding operators who have been qualified un- 
der the requirements of 5.8.4, and the inspector shall 
satisfy himself that only qualified welders and weld- 
ing operators have been used. 

5.9.2.2 The manufacturer shall make available to 
the inspector a certified copy of the record of the 
qualification tests of each welder and welding oper- 
ator. The inspector shall have the right at any time 
to request and witness tests of the welding pro- 
cedure or the ability of any welder and welding op- 
erator. 

The inspector has the right to witness the com- 
petence test of any welder and welding operator. 
Subsequently, in case of doubt, he has the right to 
request requalification of any welder. 

5.9.3 Check of post-weld heat treatment 

The inspector shall satisfy himself that all post-weld 
heat treatment has been correctly performed and 
that the temperature readings conform to the re- 
qui rements. 

5.9.4 Non-destructive testing of welded 
joints - Techniques and acceptability of 
imperfections 

All welded joints which are to be subjected to non- 
destructive testing shall be prepared SO as to be 
suitable for the non-destructive test method to be 
used. 

5.9.4.1 Visual examination of butt welds 

All butt-welded joints shall be visually examined for 
profile defects and shall comply with the require- 
ments of table 16. 
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Table 16 - Acceptance levels of profile defects in butt welds found by visual examination 
Defect type Acceptance level 

Undercut Continuous undercut not permitted. 

Local undercut with depth greater than 0,5 mm not permitted. 

As for undercut, except that depth shall not exceed 1,5 mm. Shrinkage grooves and root 
concavity 

Reinforcement shape The reinforcement shall blend smoothly with the parent metal and dressing is not 
normally required provided that the shape does not interfere with the specified non- 
destructive testing techniques. 

The maximum reinforcement given in 5.8.12 shall not be exceeded (see figure43). Excess reinforcement and 
excess penetration 

Overlap Not permitted. 

Linear misalignment: 

Surface-breaking cavities Not permitted. 

The maximum misalignment given in 5.8.1 I shall not be exceeded (see figure43). 

NOTE - Attention is drawn to the project in ISO/TC 44/SC 10, Unification of requirements in the field of metal welding, 
concerning the drafting of a future International Standard on “Quality assurance of welding operations: Fusion-welded 
joints in steel, requirements, assessment groups”. 

5.9.4.2 Radiography 

5.9.4.2.1 Techniques 

5.9.4.2.1.3 The boiler shall be marked alongside the 
welds so that each radiograph may be identified 
with its proper location (see also 5.1.7). 

5.9.4.2.1.1 All welded joints to be radiographed 
shall be prepared as follows. 

The weld ripples or weld surface irregularities on 
both the inside and the outside shall, when necess- 
ary, be removed by any suitable mechanical process 
to such a degree that the resulting radiographic im- 
age due to any irregularities cannot mask or be 
confused with the image of any objectionable defect. 
If so required, the weld reinforcement as stated in 
5.8.12 may be reduced to the thicknesses given in 
table 17. 

5.9.4.2.1.4 The radiographs shall be identified by 
means of lead characters to indicate the following: 

a) the particular boiler to which the radiographs 
apply by a serial or order number; 

b) the location of the welded seam using appropri- 
ate letters for the different seams with a numeral 
to indicate whether the seam was the first, sec- 
ond, third, etc.; 

c) the region of the welded seam covered by the 
radiograph; 

Table 17 - Permitted reinforcement 
Thickness b 

bG 12 
12 bG25 
25 b G 52 

1 

Reinforcement thickness 

5.9.4.2.1.2 The welds shall be radiographed in ac- 
cordance with IS0 1106 using at least class B tech- 
niques, IS0 2504 and IS0 5579. 

d) an indication that repair welding has been car- 
ried out in the length of welded joints rep- 
resented by the radiographs. 

5.9.4.2.1.5 The image quality indicator (I.Q.I.) shall 
comply with the requirements of IS0 1027. 

5.9.4.2.1.6 The use of I.Q.1.s shall be in accordance 
with the recommendations of IS0 2504. 

5.9.4.2.1.7 The examination of the radiographs of 
welds shall be made on the original film using a 
viewing device complying with the requirements of 
I S 0  5580. 
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e Defect type!) 

5.9.4.2.2 Acceptance level of defects in butt welds 

Acceptance level*) 3) 

The acceptance level of defects in butt welds shall 
be as stated in table 18. 

- 
Slag inclusions 
Single pores 
Uniformly distributed porosity 

Localized porosity4) 

5.9.4.2.3 Radiographs 

0 < 3 m m  
0 d 0,25e 
G 2 % by areas) 

0 G 2 m m  
0 d 0,2e 
d 4 % by areas) 

A complete set of radiographs for each job shall be 
retained by the manufacturer and kept on file for a 
period of at least 5 years. 

5.9.4.3 Ultrasonic testing 

5.9.4.3.1 Techniques 

Guidance on weld preparation 

IS0 5730: 

d tech iqu 
case of ultrasonic testing is given in annex G. 

992(E) 

in th 

5.9.4.3.2 Acceptance levels of defects in butt welds 

Any of the following defects shall be judged unac- 
cepta ble: 

a) rounded and elongated discontinuities of any di- 
ameter or length, if the amplitude of the associ- 
ated echo exceeds the reference level (see 
annex G); 

Planar defects 

Rounded defects 

Elongated defects 

In ter active defects 

Cracks 
Lack of fusion or penetration4) I Not permitted 

Tungsten inclusions I AS porosity 
- -_____ 

I d 0,5e } fore< 18 mm Slag inclusionse) 
I solated worinholes l G 6 m m  

I G 0,33e fore > 18 mm 

Aligned slag inclusions6) 
Wormholes4) 

Total length G e 
in any length of 12e 

Elongated or localized d 2 61,,, 

1) General reference should be made to IS0 6520. 
2) Defect dimensions and percentages refer to the projected area on the film. 
3) The symbols used have the following meanings. 

0 is the diameter of the defect. 

e is the parent material thickness (in the case of dissimilar thicknesses, e applies to the thinner component). 

I is the length of the defect. 

d is the distance between defects. 

Z,,, is the length of the longest defect (for clusters it i s  the overall length of the cluster). 

4) Aligned wormholes and linear porosity parallel to the axis of the weld may indicate lack of fusion or penetration, 
and are therefore not permitted. 
5) The area to be considered is  the product of the length and width of an envelope enclosing the projection of the af- 
fected volume of weld metal. 
6) Slag inclusions are not permitted where welds cross within a distance I ,  = 2e, up to a maximum of 20 mm (see 
figure49). 
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b) elongated discontinuities, if the amplitude of the 
associated echo exceeds 50 of the reference 
level and the length of the discontinuities ex- 
ceeds the limits given in table 18 for elongated 
defects: the requirements in table 18 for interac- 
tive defects shall also be taken into account; 

c) discontinuities which are interpreted to be 
cracks, lack of fusion or lack of penetration, ex- 
cept as defined in 5.9.4.3.3, regardless of length 
or associated echo amplitude. 

5.9.4.3.3 Acceptance levels of defects in T-butt 
welds 

The acceptance levels for T-butt welds apply to shell 
to end plate welds of the types shown in 
figures B.15 a) and B.15 b), furnace to end plate and 
reversal chamber welds as shown in figures B.17a) 
and B.17b) and reversal chamber end plate to 
wrapper plate welds as shown in figures B.16 b) to 
B.16 e). 

The requirements of 5.9.4.3.2 for acceptance levels 
of defects found by ultrasonic examination shall ap- 
ply, except as follows. 

a) Welds with a second side fillet weld (back 
welded) 

For welds with a second side fillet weld, full 
penetration is desirable, but lack of penetration 
at the root is permitted within the following limits: 

I =  200 mm 

h= 3 mrn maximum 

where I is the length and h is the height of the 
defect. 

Surface defects due to incomplete penetration 
which are revealed by visual inspection or sur- 
face crack detection, preferably by the magnetic 
particle method, are unacceptable and shall be 
ground out to  sound metal and repaired. 

b) Welds with no second side fillet weld 

In the case of welds with no second side fillet 
weld, it is important that every effort should be 
made to achieve full penetration, especially in 
those parts of the seam located in the narrow 
water space. To this end, special attention shall 
be paid to the fit up in these areas, and it is rec- 
ommended that the height of the nose should not 
exceed 1,5 mm. 

5.9.4.4 Magnetic particle and liquid penetrant 
testing 

5.9.4.4.1 Techniques 

Guidance on weld preparation and technique in the 
case of magnetic particle and liquid penetrant test- 
ing is given in annex H, IS0 3452, IS0 3453 and 
IS0 3059. In general the magnetic particle test is to 
be preferred. 

5.9.4.4.2 Unacceptable imperfections in welds 

In the magnetic particle or the liquid penetrant test, 
the following defects shall be judged unacceptable: 

discontinuities which are interpreted to be 
cracks, lack of fusion or penetration, regardless 
of the length. 

Sub-superficial defects revealed by magnetic par- 
ticle testing according to the procedures indicated 
in annex H shall be investigated, and repaired if 
r i  ecessa ry . 

5.9.5 Methods of non-destructive testing for 
branches, studded connections and couplings, 
flanges, tube to tube plate connections and 
tube plate to shell connections 

The methods of non-destructive testing for con- 
nections etc. are listed in table 19. 

The possible methods refer primarily to radio- 
graphic and ultrasonic testing. Both methods are 
mentioned i f  radiographic testing alone does not 
give enough information. 

Magnetic particle and/or liquid penetrant testing are 
recommended to be applied in all cases, either 
when these are the only methods practicable or to 
provide additional information. However, the appli- 
cation or use of these methods is a mandatory re- 
quirement where these test methods are indicated 
in table 19 as the only possibility or as additional to 
radiography and/or ultrasonic testing. 
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Table 19 - Methods of non-destructive testing for connections etc. 

Figure No. 

Branches without com- 
pensation rings 

B.3 a) 
B.3 b) 
8.4 a) 
B.4 b) 
B.5 a) 
B.5 b) 
B.6 a) 
B.6 b) 
B.7 a) 
8.7 b) 

8.8 
B.9 a) 
B.9 b) 

Branches with compen- 
sation rings 

B.10 
B . l l  

Studded connections 
and couplings 

8.12 a) 
B.12 b) 
8.12 c) 

Flanges 
8.13 a) 
8.13 b) 

8.14 

End plate or tube plate 
connections to shell 

B.15 a) 
B.15 b) 
B.15 c )  
B.15 d) 

End plate or tube plate 
connections to reversal 

chambers 
B.16 a) 
B.16 b) 
B.16 c) 
B.16 d) 
B.16 e) 

End plate or tube plate 
connections to furnaces 

B.17 a) 
8-17 b) 
8.17 c )  

Inspection opening 
compensating plates 

12 a) 
12 b) 

Radiographic 
examination 

Y e s  
Y e s  

- - 
Y e s  

- - 
Y e s  

- - 
Y e s  

Ultrasonic examination 

Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  

Y e s  
Y e s  

Y e s  
Y e s  
Y e s  

- - 
Y e s  

Y e s  
, Y e s  

Y e s  
Y e s  

Y e s  
Y e s  
Y e s  
Y e s  
Yes 

Y e s  
Y e s  
Y e s  

Magnetic particlelliquid 
penetrant test 

Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
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Figure No. 

Stay connections 
22 a) 
22 b) 
22 c) 
22 d) 
23 a) 
23 b) 

Stiffeners for furnaces 
34 
35 

Butt-welded longitudinal 
and circumferential 

seams 
8.18 a) 
8.18 b) 
8.18 c) 
8.18 d) 

Cross seams in end 
plates 
B.19 a) 
B.19 b) 

Attachment of access 
tube to end plate 

8.20 a) 
8.20 b) 

Radiographic 
examination Ultrasonic examination 

- 
- 
- 
- 
- 
- 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Magnetic particlelliquid 
penetrant test 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Note 

1) After removing the root reinforcement to flush. 
2) If the forged branch connection is high enough. 
3) A tell-tale hole in the compensating ring for leak testing of the welds by the soap-bubble test is necessary in all 
cases. 

4) For wall thicknesses greater than or equal to 15 mm, ultrasonic testing is preferred. 

5.10 Requirements of test results of 
welded production test plates 

5.10.1 Reduced section tensile test 

The tensile strength obtained shall be at least equal 
to the specified minimum tensile strength of the 
plate material. 

When the design is not based on the ultimate tensile 
strength of the material, it is permissible, when the 
fracture occurs in the weld metal, to accept a re- 
duction of the tensile strength by 19,6 N/mm2 lower 
than the limit specified for the plate material, pro- 
vided that the yield point of the weld metal as de- 
termined by the all-weld-metal test piece is equal to 
o r  higher than the specified minimum yield point of 
the plate. 

5.1 0.2 All-weld-metal test 

The values of the mechanical properties shall be 
equal to or greater than the specified minimum val- 

ues of the base material. However, where the mini- 
mum tensile strength of the plate is over 
490 N/mm2, the tensile strength of the all-weld-metal 
test piece can be a maximum of 19,6 N/mm* lower 
than the limit specified for the plate, provided that 
the yield point of the weld metal is higher than the 
yield point of the plate. 

5.10.3 Bend tests 

The specimen shall be mounted in such a way that 
the axis of the former is in the middle of the weld, 
and on roller supports, the faces of which are sep- 
arated by a distance determined by the thickness of 
the specimen (see figure 47). 

The test specimen shall be pushed through the 
supports by a former having a diameter also deter- 
mined by the thickness of the specimen. 

The requirements of table20, in which U is the 
thickness of the test specimen, shall apply. 
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Table 20 - Bend test requirements 
i 

Free space Diameter of Steels 

Carbon steels 

R, < 431 N/mm2 
1 2a 1 4,2a I 

Carbon steels 

R, = 431 N/mm2 to 
530 N/inm2 

3a 5,2a 

Required bending angle of test specimen: 180". 

On completion of the test, the length of the greatest 
defect in any direction shall not exceed 3 mm. 

Premature failure at the corners of the specimen 
shall not be considered as a cause for rejection. 

5.10.4 Notched bar impact tests 

The minimum results to be obtained from the impact 
test pieces, as shown in figure48, shall be as fol- 
lows, and shall not be less than the requirements for 
the parent material. Three test specimens are re- 
quired. 

The test results are acceptable if the mean value is 
27 J or more, and at the same time only one of the 
specimens shows a value not lower than 20 J. 

If the required mean value is not met, or if only one 
of the specimens shows a value below 20 J, then 
three supplementary test specimens shall be taken 
and tested. 

On the basis of the above, the results shall be con- 
sidered acceptable if the mean value of all six 
specimens is 27 J or more and at the same time 

I S 0  5730:1992(E) 

only two specimens show values below 27 J and 
only one of these has a value below 20 J. 

If one specimen fails due to an obvious defect, the 
result may be disregarded and one replacement 
specimen may be taken. However, only one re- 
placement specimen is allowed in a test series. 

If the retests are not consistent with the require- 
ments of this International Standard, an investi- 
gation of the reason shall be made before the whole 
procedure is repeated. 

5.1 0.5 Macro-test 

The macro-etching of a complete cross-section of 
the weld shall show a good penetration and absence 
of lack of fusion, significant inclusions, and other 
defects. 

In case of doubt, a micro-etching of the doubtful 
zone shall be investigated. 

5.10.6 Non-destructive tests 

Non-destructive testing techniques and results of 
non-destructive tests shall conform to the provisions 
of 5.9.4. 

5.10.7 Actions to be taken in the event of 
unsatisfactory test results 

If the results of the tests on welded production test 
plates are unsatisfactory, the causes shall be inves- 
tigated, making use in particular of the results of 
new tests. 

If the unsatisfactory results of the original tests are 
proved to have been caused by local or accidental 
defects, the results of the repeated new tests shall 
be decisive. 
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Section 6: Inspection and testing 

6.1 Qualification of inspectors 

Inspectors mentioned herein shall be persons em- 
ployed and trained as inspectors by inspection or- 
ganizations which are recognized as the inspecting 
authority in the country of manufacture and/or in- 
stallation. 

In countries where the cerîification of inspectors is 
required by statute, the term inspector herein shall 
mean a person who has qualified for such certi- 
fication. 

The inspector, for the purpose of inspecting and/or 
certification of boilers under the requirements of this 
International Standard, shall be independent of the 
manufacturer and the puchaser, and shall not be in 
the employ of either. 

6.2 Inspection during construction 

6.2.1 General 

6.2.1.1 Each boiler shall be inspected during con- 
struction by inspectors as defined in 1.3.8 and 6.1. 
Sufficient inspections shall be made to ensure that 
the materials, construction and testing conform in 
all respects to the requirements of this International 
Standard. 

6.2.1.2 The inspecting authority shall have access 
to the works of the manufacturer at all times during 
which work is in progress, and shall be at liberty to 
inspect the manufacture at any stage and to reject 
any part not conforming to this International Stan- 
dard. The inspecting authority shall check the design 
and have the right to require evidence that the de- 
sign conforms to the requirements of this Inter- 
national Standard. 

6.2.1.3 The inspecting authority shall notify the 
manufacturer before construction commences of the 
stages of the construction at which special exam- 
inations of materials will be made, and the manu- 
facturer shall give reasonable notice to the authority 
when such stages will be reached, but this shall not 
preclude the inspecting authority from making 
examinations at any other stages, or from rejecting 
material or workmanship whenever they may be 
found defective. 

6.2.2 Inspection 

6.2.2.1 Manufacturers’ personnel may perform the 
functions indicated in 6.2.2.2 b), c) and e) by agree- 
ment between the manufacturer and the inspector, 
but the inspector shall satisfy himself by random 
checks that the required functions are properly car- 
ried out. 

6.2.2.2 Except as indicated in 6.2.2.1 the inspector 
shall make examinations at least at the following 
stages: 

a) when plates have been received at the manu- 
facturer’s works, to compare identification 
markings with those recorded on the 
platemaker’s certificates and to check the re- 
ported results of mechanical and chemical prop- 
erties against the specification. The inspector 
shall carry out spot-check measurements of ma- 
terial wall thicknesses; 

b) when shell plates and end plates have been 
formed, with the plate edges prepared for weld- 
ing, and when test plates are attached; 

c) during various stages of welding, if appropriate 
to the welding technique. When the first run has 
been deposited along the principal seams and 
the test plates, when these seams have been 
completed on one side and prepared for welding 
on the other side, and on completion of welding. 
Radiographic films and/or ultrasonic test reports 
shall be examined; 

d) when weld test specimens have been prepared 
from the test plate previously selected, to wit- 
ness the required tests; 

e) when openings have been prepared, and when 
branches and similar connections have been 
tack welded in position, and subsequently on 
completion; 

f) dimensional check of the boiler on completion of 
manufacture, during hydraulic testing and again 
afïer testing, and inspection internally and ex- 
te rnal I y; 

g) the marking of the boiler, e.g. nameplate; 

h) the marking of the welds by spot-checks; 

i) the appropriate function of important safety 
equipment during commissioning of the boiler. 
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6.3 Pressure tests 

6.3.1 After all heat treatment, but before applying 
refractory and insulation, each completed boiler 
shall be subjected to an acceptance pressure test. 
An inspector shall be present during this test and 
he shall certify the results. 

If any repairs are found to be necessary as a result 
of the acceptance pressure test, the boiler shall 
again be subjected to the acceptance pressure test 
after the repairs and any heat treatment. 

6.3.1 .I Standard pressure acceptance test 

The standard pressure acceptance test shall be a 
hydraulic test and the test pressure pt shall be not 
less than that given by the following equation: 

pt = 1,s Xp O 
where 

p is the calculation pressure defined in 

pt is the test pressure; 

and p and pt have consistent units. 

3.3; 

6.3.1.2 Non-standard pressure acceptance test 

When it is necessary to test boilers hydraulically to 
pressures greater than 1,s x p  (see 5.3.2.5.2, 

IS0  5730:1992(E) 

table6), the design shall be checked to ensure that 
the membrane stress in any part of the boiler under 
test does not exceed 90 Yo of the room temperature 
0,2 % proof stress of the material. In cases where 
90 % of the room temperature 0,2 Yo proof stress 
would be exceeded, the design of the boiler shall be 
changed to ensure that this does not occur. 

6.3.2 The acceptance test pressure shall be ap- 
plied and maintained for a sufficient length of time 
to permit a visual examination to be made of all 
surfaces and joints, but in any case for not less than 
30 min. The boiler shall exhibit no sign of general 
plastic deformation or leakage. It is recommended 
that before the boiler is approached for close 
examination, the pressure should be reduced to not 
less than 1 , l  times the design pressure and not 
more than 0,9 times the test pressure. 

NOTE 11 It is important, in the interests of safety, that 
the boiler should be properly vented so as to prevent the 
formation of air pockets before the test pressure is ap- 
plied. It is recommended that during the test the tem- 
perature of the water be such as to prevent brittle 
fracture. 

6.3.3 After installation, the boiler shall be hy- 
draulically tested to the same pressure as in the 
acceptance test and held for a period of 20 min. The 
tube plates shall be visually checked for evidence 
of tube end leakage. It is not necessary to remove 
insulation in order to check visually main seams and 
nozzle welds unless damage is suspected. 
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Section 7: Documentation, certification and stamping 

7.1 Design specification, drawings and 
data sheets 

The manufacturer shall allow the inspecting auth- 
ority full access to all drawings and calculations 
necessary for checking dimensions of parts during 
manufacture. He shall also supply to the inspecting 
authority and to the purchaser, by drawings, docu- 
ments, or data sheets, full information as to the de- 
sign specification of the boiler with particulars of the 
materials of which it is constructed. Where erection 
on site is not undertaken by the manufacturer, he 
shall supply full information to permit the proper 
erection of the boiler. 

Results of inspections during fabrication, including 
radiographic films, shall be kept on file for a period 
of 5 years from the date of completion of the boiler 
and shall be made available to the inspecting auth- 
ority at any time during this period, if requested. 

The manufacturer shall issue a certificate that the 
boiler has been designed, constructed, and tested 
in every respect in accordance with the require- 
ments of this International Standard, and this cer- 
tificate shall be countersigned by the inspecting 
authority that it has been so constructed and tested. 
Where erection is inspected by a second inspecting 
authority, each inspecting authority shall sign the 
certificate in respect of the work it has supervized. 
The countersigned certificate shall be furnished to 
the purchaser, and a copy to the regulating authority 
if required. 

7.2 Documents to be submitted to the 
inspector 

The following documents shall be submitted to the 
inspector: 

a) constructional drawings and specifications of the 
completed boiler; 

b) quality certification of the materials used; 

c) reports of dimensional checks carried out on the 
boiler; 

d) reports, where applicable, of welding procedure 
qualifications, welder's competence quali- 
fications, production weld tests, non-destructive 
tests and post-weld heat treatment. 

7.3 Stamping 

Each boiler shall be legibly stamped by visible 
marking on the boiler or on a permanently attached 
na m e plat e. 

The marking shall show the following: 

a) the number of this International Standard; 

b) the name and location of the manufacturer; 

c) the manufacturer's serial number of the boiler: 

d) the design pressure (gauge); 

e) the following information, as appropriate: 

Label nomenclature Boiler type 
Maximum water flow tempera- 
ture boiler 
Maximum steam temperature Superheater 
Maximum heat input (MW) 

Hot water 

All boilers 

9 the hydraulic test pressure; 

g) the year of manufacture; 

h) the identifying mark of the inspecting authority; 

i) any statutory marking required. 
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Section 8: Safety valves, fittings and mountingss~ 

8.1 Safety valves 

8.1 .I General 

8.1.1.1 Every boiler shall have at least two safety 
valves except in the case of boilers where the de- 
sign pressure in bar6) times the total volume in litres 
is not more than 10000, when at least one safety 
valve shall be fitted. Agreement of the inspecting 
authority of the country of installation shall be ob- 
tained. 

Every superheater shall have at least one safety 
valve on the outlet side. 

8.1.1.2 When a boiler is provided with an integral 
superheater without an intervening stop valve, the 
safety valves fitted on the superheater may be con- 
sidered as forming pari of the safety valve capacity 
of the boiler. 

8.1.1.3 There shall be no intervening valves be- 
tween the boiler and its protective safety valves or 
between the safety valves and their points of dis- 
charge. 

8.1.1.4 Where a superheater is fitted with a valve 
intervening between it and the boiler, it shall be fit- 
ted with safety valves which shall not be counted as 
forming pari of the safety valve capacity of the 
boiler. 

8.1.1.5 Safety valve seats of inside diameter 
smaller than 20 mm shall not be used. 

8.1.1.6 In cases where sub-atmospheric pressure 
may occur and the boiler is incapable of withstand- 
ing such conditions, a vacuum break device shall be 
fitted. 

8.1.1.7 The safety valves shall comply with the re- 
quirements of IS0  4126-1. 

8.1.1.8 Notwithstanding the requirements for safety 
valves herein, the safety valves fitted to any boiler 
(and integral superheater) shall be capable of dis- 
charging all the steam which can be generated 
without causing a pressure rise to a value more than 
10 % in excess of the design pressure of the boiler. 

8.1.2 Types of safety valves 

Safety valves used for the protection of shell boilers 
and their superheaters shall be as defined in 
IS0 4126-1, and shall be, in principle, direct-loaded 
safety valves. 

The safety valves shall be loaded by springs, except 
that the use of dead-weight or lever-and-weight 
safety valves is permissible where specifically ac- 
cepted by the regulating authority. 

8.1.3 Construction 

8.1.3.1 The moving parts of valves shall be ef- 
ficiently guided and shall have adequate clearance 
under all conditions of service. Means shall be pro- 
vided to prevent their lifting out of their guides. 
Spindles should not be fitted with stuffing boxes or 
glands. 

8.1.3.2 The design of safety valves and the choice 
of materials of construction shall take into consider- 
ation the possible effect of differential expansion and 
contraction. They shall be so constructed that the 
breakage of any pari will not obstruct the free and 
full discharge of steam under pressure. 

8.1.3.3 The materials used in the construction of 
safety valves shall be suitable for the pressure, 
temperature and other relevant conditions. Safety 
valve discs and seats should be of corrosion- and 
erosion-resistant material. 

8.1.3.4 Bearings of levers should allow full move- 
ment. Where a lever is mounted on pin bearings, it 
should be bushed with corrosion-resistant metal or 
the pins should be of corrosion-resistant metal. 

8.1.3.5 Where the loading is applied by lever and 
weight, the force exerted by the valve disc should 
not exceed 6000 N with single-lever valves, nor 
10000 N with double-lever valves or with single- 
lever valves designed so that side forces cannot 
occur. The loading weight of every safety valve shall 
be in one piece, and the weight shall be efficiently 
secured on the lever to prevent inadvertent move- 
ment of the weight. 

5) Attention is called to legislation covering the use of boilers in some countries where the regulations are stricter or more 
detailed than those contained in this International Standard. 

Materials, design and construction of all valves, fittings and mountings referred to in this section should be in accordance 
with national standards. 
6) 1 bar = I O 5  N/m2 = I O 5  Pa 
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8.1.3.6 Where the loading is applied by a coil 
spring, the springs shall be so made that all coils 
still have a clear space of half the wire diameter or 
1 mm at the necessary lift at full discharge. 

8.1.3.7 Easing gear shall be provided and the gear 
shall be arranged so that the valves can be lifted 
positively off their seats when under pressure. Thd 
easing gear shall be such that it cannot lock or hold 
the valve off its seat when the external lifting force 
is released. 

8.1.3.8 Safety valves may have seats at any angle 
between 45" and 90" with the axis of the valve. 

8.1.4 integrity testing of all safety valves 

All safety valves shall be subjected to a hydraulic 
test in the safety valve manufacturer's works as re- 
quired by IS0 4126-1:1991, subclause 5.3. 

8.1.5 Operating and flow characteristics for 
safety valves 

Copies of the records of the tests previously made 
in the presence of the independent authority defined 
in IS0 4126-1, on safety valves representative of the 
valves used for the boiler, shall be furnished on re- 
quest to all the parties concerned. 

The tests shall be made to meet the requirements 
of IS0 4126-1:1991, subclauses 6.2 (operating 
characteristics) and 6.3 {flow characteristics). 

The coefficient of discharge shall be calculated in 
accordance with IS0 4126-1:1991, subclauses 7.1 
and 7.2. 

8.1.6 Certified capacity 

8.1.6.1 For each valve, the certified capacity shall 
be 90 % of the theoretical capacity times the coef- 
ficient of discharge (see IS0 4126-1:1991, 
subclause 6.5). 

8.1.6.2 The rated discharge capacity of a safety 
valve which discharges superheated steam shall be 
calculated in accordance with IS0 4126-1. 

8.1.7 Set pressures 

The safety valves provided by IS0 4126-1 shall be 
set to lift at a pressure no higher than the design 
pressure of the boiler (see 3.2). 

Where multiple safety valves are provided lower set 
pressures may be chosen to provide for progressive 
opening, provided that the requirements of 8.1.1.8 
are met. 
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It is desirable that there should be an adequate 
margin between the actual pressure at which the 
boiler generates and delivers steam and the lowest 
pressure at which any of the safety valves is set to 
lift, to prevent the unnecessary lifting of the safety 
valves. 

8.1.8 Marking 

Every safety valve shall be marked, on its body or 
on an identification plate, with the minimum infor- 
mation stated in IS0 4126-1:1991, subclauses 9.1 and 
9.2. 

8.1.9 Attachment to the boiler 

Safety valves should be mounted without any inter- 
vening valves on robust pads or nozzles used for no 
other purpose, and having a cross-sectional area at 
least equal to the sum of the areas of the orifices of 
all the safety valves mounted on them. The inlet of 
the safety valve shall have a bore nominally equal 
to that of the pad or nozzle to which it is connected. 
The pads or nozzles shall be not less than 25 mm in 
internal diameter. If nozzles are used they should 
be as short as possible. The pressure loss between 
the boiler and the safety valve inlet shall not exceed 
3 O h  of the set pressure of the valve at certified ca- 
pacity. 

8.1 .I O Discharge lines 

The areas of steam discharge pipes should be suf- 
ficient to prevent a back pressure interfering with 
the operation of the valve. 

Safety valves should discharge to atmosphere, in a 
space normally inaccessible to personnel. Dis- 
charge lines should be nearly vertical and so ar- 
ranged that there will be no accumulation of deposit 
or condensed water to restrict the flow of steam. 
Their supports and anchorages shall be so designed 
and constructed that reactions are resisted without 
excessive forces being transmitted to the safety 
valve. 

8.2 Water gauges 

8.2.1 Each steam boiler shall have at least two in- 
dependent means of indicating the water level, one 
of which shall be a gauge of transparent material 
which is directly connected to the boiler shell. It is 
recommended that the other should be a gauge of 
transparent material, but, if national regulations 
permit, it may be a remote water level indicator or 
alternative device. 

8.2.2 The gauge(s) of transparent material shall be 
mounted so that the water level is visible in the 
gauge glass at the lowest alarm level, i.e. at the 
lowest permissible water level, and this level shall 
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be at least 100 mm above the highest heated sur- 
face. 

8.2.3 Pipes and fittings connecting a water gauge 
to a boiler should be as short as possible, and so 
constructed that no undrained pocket is formed be- 
tween the boiler and the gauge, and there should 
be no outlet therefrom except for damper regulators, 
feed-water regulators, steam gauges, drains, or 
other similar apparatus which does not permit the 
escape of an appreciable amount of steam. 

Pipes connecting a water level gauge to the boiler 
shall be not less than 25 mm bore. Where the water 
gauge is fitted to the chamber of a safety control or 
alarm device, the connecting pipes to the boiler 
shall have a bore of not less than 40 mm. 

8.2.4 The lowest permissible water level of the 
boiler shall be permanently and legibly marked. 0 
8.2.5 Cylindrical water gauge glasses shall be fit- 
ted with protectors. 

8.3 Steam pressure gauges 

8.3.1 Each boiler shall have a steam pressure 
gauge, with a minimum dial diameter of 100 mm, 
connected to the steam space either directly or 
through the water gauge column or its steam con- 
nections. 

8.3.2 The steam pressure gauge shall be con- 
nected to a siphon or similar device of sufficient ca- 
pacity to keep the gauge tube filled with water. The 
pipe shall be of sufficient size and have provision for 0 blowing out, i f  possible. 

8.3.3 Steam pressure gauge connections shall be 
made suitable for the design working pressure of the 
boiler and for the steam temperature. 

8.3.4 Pressure gauges shall be graduated in the 
proper units and, where practicable, to approxi- 
mately twice the working pressure, but shall not in 
any case be graduated to less than 50 in excess 
of the working pressure. The maximum permissible 
working pressure shall be clearly indicated on the 
scale. 

8.3.5 Each boiler shall be provided with a valved 
connection for the special purpose of attaching a 
test gauge when the boiler is in service so that the 
accuracy of the boiler steam gauge can be ascer- 
tained. 

IS0 5730:1992(E) 

8.4 Blowdown mountings 

8.4.1 Each boiler, integral economizer, and water 
wall or screen, shall be fitted with a suitable 
blowdown valve or cock placed at, or as near as 
practicable to, the lowest point of the apparatus. 

8.4.2 Blowdown valves or cocks shall be attached 
to the apparatus by heavy gauge pipes as short as 
practicable in view of the construction of the appar- 
atus. 

8.4.3 Where blowdowns from two or more boilers 
are connected to a common discharge, two valves 
shall be fitted to each blowdown, one being of a 
non-return type to prevent the contents of one boiler 
passing to another. 

8.4.4 The blowdown pipe between the apparatus 
and the blowdown valve or cock shall, if exposed to 
furnace heat, be protected by brickwork or other 
heat-resisting material so arranged that the pipe 
may be inspected and is not constrained against 
expansion. 

8.4.5 Blowdown cocks fitted with taper plugs shall 
be of the bolted cover type with separately packed 
glands, and shall not be used with design pressures 
over 1,3 N/mm*. 

8.5 Valves for connections 

8.5.1 Steam outlets 

Each outlet, except for safety valves and super- 
heater inlet and reheater inlet and outlet, shall be 
fitted with a stop valve located at an accessible point 
in the steam delivery line as near to the boiler as 
convenient and practicable. 

NOTE 12 
positively indicates whether it i s  open or closed. 

Where more than one boiler is connected to a com- 
mon header or steam manifold, the steam con- 
nections for each boiler shall be provided with two 
stop valves with a free blowing drain between them, 
or some similar safety method should be provided. 

The valve should preferably be of a type which 

NOTE 13 
boiler be a non-return type. 

It is preferable that the valve nearest the 

8.5.2 Feed connections 

Each feed pipe to any boiler shall be provided with 
a check valve and a separate stop valve near the 
boiler. Where there is an integral economizer, the 
foregoing fittings shall be placed at the inlet to the 
economizer. The internal feed pipe shall be so ar- 
ranged that the boiler cannot empty itself to a level 
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less than 70 mm above the highest point of the 
heating surface containing gases at a temperature 
of more than 400 OC. 

8.6 Materials for valves and fittings 

NOTE 14 Where temperature limits are imposed, the 
temperature of saturated steam at the design working 
pressure of the boiler, or the final superheat temperature 
being used in the case of fittings on superheaters, should 
be considered. 

8.6.1 Cast iron 

Cast iron shall not be used for blowdown mountings 
or other water duties including hot-water boilers. In 
other cases, cast iron shall not be used for press- 
ures exceeding 1,3 N/mm*, or for temperatures ex- 
ceeding 220 OC, or for parts with a diameter 
exceeding 200 mm. 

8.6.2 Brass, bronze and gun metal 

Brass, bronze and gun metal shall not be used for 
temperatures exceeding 220 OC, except where spe- 

cially approved by the inspecting authority in cases 
of special alloys for high temperature. 

8.6.3 Steel castings 

Steel castings shall be the subject of agreement 
between the interested parties. 

8.7 Flanges and bolting 

8.7.1 Flanges and bolting in accordance with any 
nationally accepted specification shall be deemed to 
be acceptable. 

8.7.2 For the purpose of determining dimensions 
within the above-mentioned specifications, the de- 
sign working pressure of the boiler shall be con- 
sidered as the working pressure for all mountings 
including blowdown mountings. 

8.8 Automatic controls 

National rules concerning the use of automatic con- 
trols shall apply until a new section covering boiler 
rnanagement and equipment has been accepted and 
incorporated in this International Standard. 
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Unflnnged front Reversal chamber 
tube plate tube plate 

rl 
Unflanged rear 
tube plate 

Wet back rear 
plate 

Wet back 
reversal chamber - Plaln furnace tube 1 Wrapper plate 

NOTE - The effective radiant heating surface comprises the furnace tube, wrapper plate and wet back. 

Figure 1 - Wet back boiler 

Flanged front 

tube 

NOTE 

Flanged rear 
/"-- tube plate 

Corrugated f Ur nnce tube 

The effective radiant heating surface comprises the furnace tube and complete surface of the reversal chamber. 

Figure 2 .- Wet back boiler 
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Ftanged front 
T tube plate 

Reversal chamber 
tube plate Flanged rear 

tube plate 

Wet back 
rear plate 

I ..- 
Wet bark 
reversnl chamber 

\ 
J 

Corrugated furnace tube L- Wrapper plate 

NOTE - The effective radiant heating surface comprises the furnace tube, wrapper plate and wet back. 

Figure 3 - Wet back boiler 

Unflanged trant tube plate 

Unflanged rear tube plate 

_-_______-------.-___-------- 
Rear refractory 
wall 

Plain furnace tube 

NOTE - The effective radiant heating surface comprises the furnace tube. 

Figure 4 - Dry back boiler 
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~ Unflanged front 
tube plate 

~ Reversal chamber 
tube plate 

Unflanged rear 
tube plate 

\ 7 

U I , 
\ 

U 

\ \ 
Pluln furnace tube Wrapper plute 

NOTE - The effective radiant heating surface comprises the furnace tube and wrapper plate. 

Figure 5 - Semi-wet back boiler 

Rear refractory 
wall 

Seml-wet back 
reversal chamber 
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1 

1 

5 Y -. 
L 
I I  
0 
7 3  

500 

600 

O00 

500 

O 5 10 

Net heat input (MW) 

1) In the case o t  reverse-flame bollers, the furnoce dlameter lndlcated on the 
graph shall be increased by 40 %. 
2) If the chosen furnace diorneter for  011, gas or pulverized coal tlring Is 
greater than 1 400 mrn, the mlnlrnum elongation o f  materlal of furnaces shall be 24 %. 
3) In the case of PH 265 rnaterlals, the calculated thlckness shall be Increased 
by 25 %. 

Figure 6 - Relation between heat input and furnace tube Inside diameter 
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2 

1 

0.9 

0.7 

IS0  5730:1992(E) 

ELLlpçoldal head 

+ 
TorlsDherlcal head 

0.5 
081 0.15 

Figure 7 - Shape factor C for unstayed dished heads without openings 
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I: I 992( E) 

AV 
3a) Cyllndrlcal shells with Isolated openlnus - 
telnf orcernent by increased wall thickness 

l r s  , 0 d  

ûc) Cyllndrlcal shells wlth Isolated openlngs - 
Reinforcement by cornpensatlng plates 

Be) Cyllndrlcal shells wlth Isolated 
openlngs - Reinforcement by pads 

8b) Spherlcal shells and dished heads with isolated 
openlngs - Reinforcement by Increased wall thickness 

ûd) Spherlcal shells and dlshed heads wlth isolated 
openings - Reinforcement by compensating plates 

Figure 8 - Reinforcement of openings and branches 
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O 

A ,  

89) Cyllndrlcal shells wlth Isolated 
openings - Relntorcement by branches 

A ts  

\ 

81) Cyllndrlcal shells wlth Isolated 
openings - Combined reinforcement 

8h) Çpherlcal shells and dished heads wlth 
Isolated openlngs - Relntorcement by branches 

\ I I 

ûji Çpherlcal shells and dlshed heads wlth 
Isolated openings - Comblned reintorcement 

Figure 8 - Reinforcement of openings and branches (continued) 
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L 
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2 -  
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I 1 -  

0.5 - 

Cyllndrlcal and 
hernlspherlcal shells 

-\ I l 

I 
I 
I 
I I 
I 
I 
l 
I 
I 
I 
I 
I 
I 

Headers only 

,-- Boundary curve 

I 

8k) Wall thlcknesç ratio tor branches 
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A ,  

81) Extruded branch In a cyllndrlcal shell 

Figure 8 - Reinforcement of openings 

ern) Intruded branch In a dlshed head 

and branches (continued) 
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r- 
r 
b 
8 

en1 Cyllndrlcal shell wlth a çet-In welded 
branch wlthout ful l  penetratlon welds 

Bo) Cyllndrlcal shell with a set-on welded 
brunch wlthout fu l l  Denetrotlon welds 

I S 0  5730:1992(E) 
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Figure 8 - Reinforcement of openings and branches (concluded) 
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Y 

NOTE - Hatchlng and weld detalls 

x - x  

7 

10 

B 
8 

Pa) Cyllndrlcal shell wlth a branch not radlally arranged 

ers --c 

9b) Spherical shell wlth a branch not radlally arranged 

Figure 9 - Non-radial branches and adjacent branches 
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U 

e 

a 

I S 0  57301992(E) 

T 
X 

I Longltudlnal dlrect 

Q 5 
E 
2 
d 
c al 

c 

U 
L 

c c 

a 
9 
Y 

9c) Adlacent branches In a cyllndrlcal shell 

Figure 9 - Non-radial branches and adjacent branches (continued) 
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Figure 9 - Non-radial branches and adjacent branches (concluded) 
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1 

9d) Adjacent branches In a soherlcal shell 
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Area X Area Y 

IS0 5730:1992(E) 

Dimensions In millimetres 

e cp is the thickness calculated in accordance wlth formula 13.43) f o r  the part 
under conslderatlon. 

ecb Is the thlckness calculated In accordance wlth formula 13.71, 
taking Y = 1. 

C2 is the smaller o f  the two values 2,5e and (2,Se + e rpl. 
is the greater o f  the two vulues (e,,,+ 75) and ( dlb + 4). 

Area Y shall not be less than area X .  

NOTE - The compensating plate is required only in cases where area Y would otherwise be less than area X .  

Figure 10 - Compensation for branch in flat end plate 
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78 

Dimensions in millimetres 

l 

I 
Ila) - 

Area X AreaY 

ecp Is the thlckness calculated In accordance wlth formula (3.43) tor the part under 
conslderatlon. 

dl, Is halt the mean of the maJor and mlnor seml-axes o f  the openlng. 
û Is the greater o f  the two values (erep+ 75) and d i o .  
e gr shall be not less than 13 for manholes, 15 for headholes and 10 for handholes. 

Area Y shall not be less than area X. 

Figure 11 - Compensation for elliptical manholes or inspection openings in flat end plates 
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Dimensions in millimetres 

i 
i 
i 
i 

Tell-tale hole 

I OdlP 
Openlng In shell 

Figure 12 - Welding of compensating plates 
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Manhole 
Dimensions In mllllmetres 

,!-- Headhole 
Headhole 

NOTE - For the slze of  manhole and dlmenslon g, see 
the table In 13h). 

13a) - 
2 200 

I 
I 
I 

I 
I I 

2 
\ 

z I I  
1 2 

Inspectton category 

Plane of eye 

\- Centre of manhole 

NOTES 
1 For the slze of manhole and dlmenslon 01, see the table In 13h). 
2 Vleual ray, see 139). 

13c) - 

1 500 - 

1, I I  I I I i 
I 

1 I I \i I I  

I !  
L 

I .  
I I I I 

I 

I I I  
1 2 3  

Inspectlon category T Plane of eye 

- Centre o t  hendhole 
NOTE - Vlsual ray, see 139). 

13d) 

Figure 13 - Openings for access and inspection 
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"4/! Inspectlon category 3 

Plane of eye 

- Centre o f  headhole 
NOTE - Vlsual ray, see 1391. 

13e) - 

lnspectlon Vlsual ray 
category s = q + r  

1 1 O00 
2 1300 
3 1600 

I 

13g) - 

IS0 5730:1992(E) 

Dimensions in millimetres 

t 800 - 
600 

I I I  4 1 2 3  
Inspection category 'i Centre o t  handhole 

NOTE - Vlsual ray, see 139). 

13f - 
. I  

Manhole h 

I 

t 

Slze of 
manhole 

320 x 620 2 320 
300 x 400 

1) For dimenslon g, see also 13d and 131). 
2) For dlmenslongl, see 13c). 

I 1 

13h) 

Figure 13 - Openings for access and inspection (continued) 
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82 

i r- Manhole 

-Manhole 

Dimensions in millimetres 

NOTE - For the slze o t  manhole and dlmenslon g, see the table In 13h). 

1311 
II 

Figure 13 - Openings for access and inspection (concluded) 
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To establlsh the area supported by bor stays or 
stay tubes In boundary rows, the boundary of  the 
loaded area should terminate at the centre of 
the associated main circle Unstayed rectangular area 

I Termlnatlon of boundory areos 
- where stay tubes ore situated 

In the boundory rows only 
(see 3.15.5) 

NOTE - See also figure 15. 

Figure 14 - Typical arrangement of end plate in a multitubular boiler 
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The polnt o f  support shall be taken at halt the distance between the Inslde o f  
the shell and the commencement of  curvature, or at a Llne 3,s tlmes the 
thlckness of the plate measured from the outslde of the plate, whichever Is 
nearer to the flange (see 3.14.2.2) T- 

Figure 15 - Outer limits for supported areas, breathing spaces, main circles and sub-circles in flanged end 
plates 
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NOTE - See also figure 15. 

Figure 16 - Use of sub-circles (twin furnace) 
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r- Maln clrcles I Sub-clrcle 

Sub-clrcle / 

Main circle \ 
Two or three adJacent stay tubes may 
be consldered as one polnt of support, 
In whlch case the circle shall pass 
through the geometrlc centre of the 
stay tube 

NOTE - See also figure 15. 

Figure 17 - Use of sub-circles (single furnace) 
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1.6 

1,s 

y 1,4 

1,3 

12 

1.1 .. . 
0.1 0 2  0.3 0.4 0.5 0.6 0.7 0.9 1 

bia  

NOTE - See 3.14.2.3. 

Figure 18 - Determination of factor y 
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Tangent to Inn 

n Main clrcles I 
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Dimensions in millimetres 

0,)s d s  wlth a mlnlmum o t  8 
I 

l-4 
Figure 20 - Permitted weld details of plain bar stay 
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e + 3 ,  , 
I I  

Dimensions in millimetres 

NOTE - The ends of the tubes shall be dressed flush with the welds when exposed to temperatures above 600 OC. When 
exposed to lower temperatures, the ends of the tubes may extend to a maximum of 10 beyond the weld. 

Figure 21 - Permitted weld details of stay tubes 
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Di mensions in mil I i metres 

e ,/2 with a minimum o t  10 /I 7 e,/2 with a mlnlmum of 10 

.. 
NOTE: eV=  +e 

22a) - 
Figure 22 - Permitted weld 

NOTES 

I e w = $ - e  

2 Where e ,Is Less than 0.35 d,, the form of construction shown in 22a) 
shall be used. 

22b) 

details of bar stays with washers 
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Dimensions in mill imetres 

/I e "/2 wlth a mlnlmum ot 10 

N O T E ~  ew= 30 NOTES 

1 e , - y e  2 

2 Where ewIs Less than 0,35 ds , the form o t  constructlon shown In 22c) 
shall be used. 

Figure 22 - Permitted weld details of bar stays with washers (concluded) 
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0,35 d 5  wlth a rnlnlmurn of û -15 

23a) - 
Figure 23 - Permitted 

IS0 5730:1992(E) 

Dimensions In millimetres 

weld details of reversal chamber bar stays 
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Dimensions 
Alternatlve shape o t  glrder (see the note) - 

May be welded for  flxed attachment 

NOTE - Glrders may be shaped to either the fu l l  or  the thin chain Line shown. 

24a) Method of weldlng glrder to a reversal chamber with flanged ends 

Girders may be carrled over the 
ends of the reversal chamber 

24b) Method o f  weldlna alrder t o  a reversal chamber wlth f la t  ends 

Figure 24 - Typical methods of welding girder stays to reversal chambers 
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\ Alternatlve shape of glrder (see the note) 

NOTE - Glrders may be shaped to elther the full or the thln chah llne shown. 

24cI Welded-on alrder to a reversal chamber havlna flanged tube da te  and buck plate 

Figure 24 - Typical methods of welding girder stays to reversal chambers (continued) 
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-l Alternatlve shape of glrder (see the note) 

NOTE - Glrders may be shaped to elther the full or the thln chah llne shown. 

24d) Welded-on alrder to a reversal chamber havlns square corners 

24e) Alternatlve methods of welding alrders to the reversal chamber too 

Figure 24 - Typical methods of welding girders to reversal chambers (concluded) 
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NOTE - See 

IS0 5730:1992(E) 

3.14.2 .4. 

25a) Olstnnces between manhole relnforclng rlng, furnaces and shell 

25b) Dlstances between manhole relnforclng rlng, furnace, shell and tube nest 

Figure 25 - Distances from manhole reinforcing ring 
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98 

1 Furnace Reversal chamber 

26a) - 

Figure 26 - Location of stays in reversal chamber back plates 
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T A\ 

End plate --I 

IS0 5730:1992(E) 

Di mensions in mil I I metres 

-U 

A - A  
I 

Figure 27 - Details of welded gusset stays 
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Progresslve 
elongation of holes -, 
In gusset plate 

BY- 

/ 

End plate 

Shell plate 

\, I , 

A - A  * 

I 

Figure 28 - Details for welded and pinned gusset stays 
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~ 

IS0 5”10f992(E) 

Not less than 1,5 r tlmes pln dlameter 
Net cross-sectlonal area through pln hole shall 
be not less than the mlnlmum requlred for stay 7 

NOTES 

1 V >  60”. 

2 The thin chain lines indicate stays with multiple links. 

Figure 29 - Details for diagonal link stays 

Alternatlve methods o t  
attachment to shell and 
end plates 

A - A  

Flgure 30 - Notation used for tube bends 
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ISO, 5730:j 992( E) 

.- 
LI 

1.5 

185 

1.3 

1.2 

1.1 

1 

0.9 

0.8 

0.7 
R / d ,  

Figure 31 - Desfgn factors C, and Co 
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IS0  5730:1992(E) 

Dimensions In millimetres 

I 0 
, 

I 

32al 
-+-I- 

NOTE: g a e  
32e) 

?I 9) -I-?-- I 

NOTE - For plain tubes exposed to flame or gas temperatures exceeding 600 OC, the ends of welded tubes shall be dressed 
flush with the welds, and the ends of expanded tubes shall be as shown in 32 a) and 32 b). If not SO exposed, the ends of 
welded tubes shall extend a maximum of 10 beyond the weld or, in the case of expanded tubes, the tube shall project be- 
yond the tube plate up to a maximum of 15. 

Figure 32 - Permitted methods of attaching plain tubes 
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Dlmenslons in millimetres 

IS0 5730:1992(E) 

1 04 

11.1 
12,s 
13,8 
15.2 
16,5 
17,9 

330) Fox type furnaces (115 corrugatlon and 30 depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
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IS0  57301 992(E) 

e 

e 
I 
I 

Dimensions in millimetres 

150 c- 

e r t  - c Ii x2 
mm4 x io4 rnm2 x I O '  

9.25 31.9 16,1 
10,25 35,7 17,9 
11.25 39.6 19,6 

13,25 47.0 23,1 

14,25 52,l 24,9 
1525 56,6 26.6 
16.25 61,2 28,4 
17,25 66,O 30,l 

12,25 43.6 21.4 

i a , ~  n o  31,a 
19,25 76.2 33,6 
20,25 01,6 35.3 
21.25 87,3 37,l 

33b) Fox type furnaces (150 corrugation and 38 depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
(con tin ueà) 
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I S 0  57301992(E) 

Dimensions in millimetres 
150 

XZ 
nmZ x l o 2  

16,5 
18,3 
20.1 
21,9 
23.6 

25.4 
27.2 
29.0 
30.8 

32.6 
34.3 
36,1 
37.9 

9,25 
10,25 
11.25 
12,25 
13.25 

14,25 
15.25 
16.25 
17.25 

18,25 
19.25 
20.25 
21.25 

37,7 
42,2 
46.8 
51,s 
56.3 

61.3 
66.4 
71.8 
77.3 

83,O 
88.9 
9S,O 
101.4 

33c) Fox type turnaces i15Q corrugatlon and il depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
(continued) 
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200 c. I 
! - 1  

mm'+ 4 x Iob I mm2 x 102 I 
10.25 

12.25 

16.25 

38,6 
43,2 
47,8 
52.6 
57,5 

62.6 
07,8 
73.2 
78,% 

- 29,O 

33.4 
35,6 
37,8 

I I 

33d) Morrlson type furnaces (200 corrugatlon and 38 depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
(continued) 
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IS0 5730:1992(E) 

Dimensions In mllllmetres 

33e) Morrlcon type furnaces (200 corrugatlon and 41 depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
(continued) 

108 

err- c II X2 
mmc x IO& mm2 x IO 

9.25 45,6 20,s 
10,25 50.9 22.7 
I l 2 5  563 25,O 
12,25 61.8 27.2 
13,25 67,s 29,4 

14.25 73.3 31.6 
15,25 79,3 33,0 
16,25 05.5 36.1 
17,25 91,ô 38,3 

18.25 98.4 40.5 
19,25 105,2 42,7 
20,25 112,2 44.9 
21,25 119,s 47,2 
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IS0 5730:1992(E) 

Dimensions in millimetres 
150 

- 

I 
A + 

I p1 

1 
0 v) 

I 
Y 

5 

t 

e r t -c  11 x 2  

mm4 x io4 mm* x IO 

9,25 35,6 16,4 
10.25 37,7 18,O 
11.25 39.6 19.6 
12,25 b1,2 21.2 
13,25 42.7 22.8 

14,25 44,l 24,4 
15,25 45,3 25,9 
16,25 46,4 27,4 
17,25 47.4 28.9 

18.25 48.3 30.4 
19.25 49,2 31,9 
20.25 50,l 33,) 
21.25 51.0 34.8 

33f) Fox type furnaces (150 corrugatlon and 50 total depth) 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces 
(continued) 
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IS0 5730:1992(E) 

e r t - r  II x2 
mm4x IO'. mm2 x IO* 

9.25 129.4 23.3 
10.25 138.9 25.7 
I l 2 5  147,7 28,O 
1225 155.9 30.4 
13,25 163,5 32,6 

14.25 170.5 34.9 
15,25 177,O 37,l 
16.25 183.0 39.4 
17.25 188.5 41,5 

18.25 193,6 63.7 
19,25 198,4 45,8 
20,25 202,8 68.0 
21,25 206,9 50,o 

Dlmenslons in millimetres 

Figure 33 - Second moments of area and cross-sectional area for Fox and Morrison type furnaces (concluded) 
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IS0 57301 992(E) 

Dimensions In millimetres 

Figure 34 - Furnace stiffeners up to and including 22 mm thick for plain and corrugated sections 
O 

Dimensions In millimetres 

Figure 35 - Furnace stiffeners thicker than 22 mm for plain and corrugated sections 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011


IS0 57301 992(E) 

Dimensions in millimetres 

I 

i L 

Il? 

- 36a) 

I- f 

36b) - 

c. 1 

NOTE: W~er l :  - r, but not Less than 13. 

36c) - 
Figure 36 - Bowling hoops 
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9,25 
10.25 
11,25 
12,25 
13.25 
14,25 
15,25 
16,25 
17,25 
18.25 
19.25 
20,25 
21,25 

-- 
9.25 

10.25 
11,25 
12.25 
13,25 
14,25 
15.25 
16.25 
17.25 
18.25 
19.25 
20,25 
21.25 

I!? rr - L 

-- 
9,25 

10.25 
11.25 
12,25 
13.25 
'14.25 
'15.25 
'16.25 
17,25 
10,25 
19.25 
20.25 
21,25 -- 

1.90 
2.11 
2.32 
2,53 
2,74 
2,96 
3,16 
3.60 
3,62 
3,85 
4.08 
4,31 
4,55 

12 
mm4 x 10' 

1.30 
1.44 
1,59 
1,74 
1.90 
2,04 
2.20 
2.36 
2,52 
2.68 
2.84 
3,01 
3.18 

1,14 
1.28 
1.41 
1.55 
1.70 
1.86 
2,04 
2.22 
2.41 
2.60 
2.80 
3.01 
3,22 
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I S 0  57301992(E) 

0.1 

0,09 

0.08 

0,07 

0.06 

r~ 0.05 

0.04 

0,03 

0,02 

0.01 

113 

Figure 37 - Coefficient for calculation of stress at saddle supports 
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I S 0  57301992(E) 

Dlstance plece rNUt I- 

NOTE - See 4.8.6 b). 

114 

- 

Figure 

Plate 

38 - Mounting screwed into steel distance piece! 

Dimensions in millimetres 
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I S 0  57301992(E) 

Cornbustlon 
chamber plate 

Seal weld 

Figure 39 - Access opening for wet back boilers 

Dlmenslons In miillmetres 

I I T I  I All-weld-metal tenslle I I  test speclmen test speclmen 

Y-- - 
B Bend test speclmen 
T Reduced sectlon tenslle test epeclrnen 
I Impact test speclmen 
M Macro-test speclmen 

Figure 40 - Cutting up the test plate 
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I S 0  5730:1992(E) 

1 

M Q M  

1 Tençlle 
2 Facebend 
3 Rootbend 
M Macro-etch 

M 

1 

M 

Dimensions in millimetres 

- 410) - 41b) 

Figure 41 - Bend test specimens for pipes and tubes 

Dimensions in millimetres 

42a) Lapped test plate for sheet 
and plate welders on e = 1.5 to 2 

y 125 , A - A  

90' 

90' 

90. 

Harnrnerlng dlrectloli 77-57 

145 -I 
42b) Wedge test plece for sheet 
and plate welders on e 2 4 

Harnrnerlng direction 1 

42d) Anqled test ulece tor sheet 
and plate welders on e 2 4 

a 

a 

Figure 42 - Test pieces for fillet welds 
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I S 0  57301992(E) 

Dimensions In millimetres 

42ei Test piece with fillet weld at Lap 
lolnt tor DlDe welders on e - 1.5 to 2 

42t)  Pipe bend test çpeclmen for 
plpe welders on e 1,5 to 2 

Hammerlng 
dlrectlon 

62q) Pipe wedqe test specimen tor tlllet welds 
at lap Jolnt for plpe welders on e a 4 

Flgure 42 - Test pleces for fillet welds (concluded) 
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I S 0  5730:1992(E) 

NOTE - See 5.8.10 and 5.8.11 for maximum permissible misalignments. 

Figure 43 - Plate alignment 
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IS0 57301992(E) 

Dimensions in millimetres 

Figure 45 - Selection of reduced section tensile 
test specimens In a thick plate 

Figure 44 - Reduced section tensile test specimen 

5 do I )  0.5 d I 

Figure 46 - All-weld-metal tensile test speclmen 
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I S 0  57301 992(E) 

120 

Di mensions in mi II i metres 

flush 

Supports I l 

1) amln. = 10 

Figure 47 - Side bend test specimen 
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IS0 5730:1992(E) 

Dimensions in millimetres 

\ I  

55 I- 
Figure 48 - Impact test specimen - V-notch 

NOTE: L = 2e or 20 max. 

Figure 49 - Crossing weld zones where weld imperfections are not permitted 

Di mensions In mi I i I metres 
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I S 0  57301992(E) 

Annex A 
( i nfo r mat ive) 

Information to be supplied by the purchaser to the manufacturer 

The following is typical of the minimum information 
which is required by the manufacturer and which 
shall be supplied to him by the purchaser at the time 
of the enquiry. 

A.l For saturated steam boilers 

a) Steam capacity, in tonnes per hour, actual 

b) Working pressure, in bar7) (gauge) 

c) Feed-water inlet temperature, in degrees Celsius 

A.2 For superheated steam boilers 

a) Steam capacity, in tonnes per hour, actual 

b) Working pressure at the superheater outlet, in 
ba r7) (gauge) 

c) Superheated steam temperature at actual steam 
capacity, in degrees Celsius 

d) Feed-water inlet temperature, in degrees Celsius 

A.3 For hot-water boilers 

a) Heat capacity, in kilowatts, actual 

b) Working pressure, in bar') (gauge) 

c) Hot-water return temperature, in degrees Celsius 

d) Hot-water flow temperature, in degrees Celsius 

e) Method of pressurization 

f) Switching method of the hot-water circuit 

A.4 Fuels 

A.4.1 Liquid fuels 

a) Type and origin. 

b) Specification and analysis. 

c) Gross and net calorific values. 

A.4.2 Gaseous fuels 

a) Type and origin. 

b) Specification and analysis. 

cl Gross and net calorific values. 

d) Available gas pressure at installation 

A.4.3 Solid fuels and waste 

a) Type and origin (e.g. country, district, mine, 
manufacturer, industrial undertaking, com- 
m u ni ty) . 

b) Specification and analysis (e.g. state of material 
as supplied, gross and net calorific values, size 
of granule, ash-fusion point). 

A.4.4 Mixed fuels 

The proportion of the various fuels and the method 
of combustion. (This requires agreement between 
purchaser and manufacturer.) 

A S  General information 

A 5 1  The limits of certain characteristic values on 
which the guarantees shall be based. (This requires 
agreement between purchaser and manufacturer.) 

A.5.2 Electrical power supply specification, e.g. 
voltage, frequency, number of phases, number of 
wires and any limitations for the direct starting of 
motors. 

A.5.3 Erection height above sea level and climatic 
conditions. 

7) 1 bar - IO5  N/m* = IO5 Pa 
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Annex B 
(informative) 

Typical examples of acceptable weld details 

6.1 General 

The drawings given in this annex are intended to 
convey recommendations in regard to connections 
welded manually by the metal-arc process in carbon 
steel boilers with a shell thickness of not less than 
6 mm. The following types of connections are cov- 
ered. 

Figures 
Standard weld preparation de- 
tails B . l  
Weld preparation details for 
set-in branches B.2 
Branches without added com- 
pensation rings 
a) Set-on branches B.3 
b) Set-in branches B.4 to B.7 
c) Forged branch connections 8.8 and B.9 
Branches with added compen- 
sation rings 
a) Set-on branches B.10 
b) Set-in branches B . l l  
Butt-welded studded connections 8.12 
Flanges B.13 and B.14 
End plates or tube plates to shell B.15 
End plates or tube plates to 
wrapper plates B.16 
Furnaces to tube or end plates B.17 
Plate preparation for butt-welded 
seams B.18 
Cross seams in end plates B.19 
Access tube to end plate 8-20 

6.2 Purpose 

The purpose of this annex is to exemplify sound and 
commonly accepted practice and not to promote the 
standardization of connections that may be re- 
garded as mandatory or to restrict development in 
any way. A number of connections have been ex- 
cluded which, whilst perfectly sound, are restricted 
in their use to certain applications, firms, or lo- 
calities. Furthermore, the future desirability is ap- 

preciated of introducing amendments and additions 
to reflect improvements in welding procedures and 
techniques as they develop. 

6.3 Selection of detail 

The connections recommended are not, of course, 
considered to be equally suitable for all service 
conditions, nor is the order in which they are shown 
indicative of their relative mechanical character- 
istics. In selecting the appropriate detail to use from 
the several alternatives shown for each type of con- 
nection, consideration must be given to the manu- 
facture and service conditions that pertain. 

8.4 Weld profiles and size 

The limitations quoted in weld profiles and sizes are 
based on commonly accepted sound practice, but 
they may be subject to modifications dictated by 
special welding techniques or design conditions. 

8.4.1 Weld profiles 

The weld profiles (e.g. bevel angles, root radii, and 
root faces) recommended are indicated by under- 
lined letters and numbers, which refer to the profiles 
shown in figureB.l. They are designed to provide 
correct conditions for welding and to facilitate the 
deposition of sound weld metal in the root of the 
joint. This is particularly important in the case of 
single-bevel and single-J welds, and, where these 
are given as alternatives, it is recommended in 
general that preference be given to the latter, where 
the depth or throat thickness of the weld exceeds 
about 15 mm. 

8.4.2 Butt joints 

In cases where full penetration butt joints are indi- 
cated, it is intended that they should be back 
chipped or gouged and back welded, or alternatively 
that the welding procedure shall be such as to en- 
sure sound positive root penetration. 

8.4.3 Weld sizes 

The sizes of the welds, i.e. throat thicknesses, have 
been proportioned to develop the full strength of the 
parts joined. 
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8.4.4 Modifications 

Cases may well arise where sound modifications 
may be made with advantage 

a) to the weld profiles to suit special welding tech- 
niques, or 

b) to the weld sizes to suit design and service con- 

It is recommended, however, that such modifications 
be approved by a competent engineer. 

ditions. 

8.5 Notes applicable to the various types 
of connections as specified In figures 8.3 to 
8.15 

8.5.1 The dimensions and shape of the detail cho- 
sen can influence the feasibility and/or efficiency of 
ultrasonic examination. This may also be a function 
of the equipment and time available. Where ultra- 
sonic examination is specified, these factors should 
be given due consideration. 

8.5.2 When welds are made from one side only, 
the penetration bead shall have a smooth contour 
and be flat or slightly convex. 

8.5.3 The use of ring-type compensation is not 
suitable for cases where there are severe tempera- 
ture gradients. 

8.5.4 When ring-type reinforcement is used, the 
material used for the ring shall be of the same 
nominal strength as that of the shell. 

8.5.5 When partial penetration joints are used, 
root defects may be present and these cannot al- 
ways be detected or interpreted by means of non- 
destructive testing. The use of partial penetration 
joints is not suitable for cases where there are se- 
vere temperature gradients, especially when these 
are of fluctuating nature. 

B.5.6 In addition to the necessity for care in se- 
lecting weld details for tube to tube plate con- 
nections, special attention must be given to the 
choice of the welding and inspection techniques 
used. 

8.5.7 When the root spigot is not produced by 
means of forging, attention is drawn to the necessity 
of ensuring that the through thickness properties are 
adequate for the design. 

8.5.8 When ultrasonic inspection is required, it 
may be necessary to examine the welded con- 
nection between the branch and shell prior to fitting 
the compensation ring. 

13.6 Notes applicable to branches in 
figures 6.3 to 8.12 

8.6.1 Weld sizes 

The sizes of the welds have been proportioned to 
develop the full strength of the parts joined. See also 
8.4.3 and 8.4.4, as well as B.7.2.1. 

8.6.2 Weld profiles 

While both single-bevel and single-J welds have 
been shown as acceptable in the smaller sizes, in 
general the latter are to be preferred because of the 
sounder root conditions obtained, and it is rec- 
ommended that single-bevel welds be limited in size 
to about 15 mm in depth. See also 8.4.1 and 8.4.4. 

6.7 Notes applicable to branches without 
compensation rings in figures 8.3 to 8.7 

8.7.1 §et-on branches 

Consideration should be given to the necessity for 
examining the shell plate for laminations around the 
branch hole when set-on branches are used. 

8.7.2 Set-in branches 

8.7.2.1 Weld sizes 

The type of branch to shell connections and the 
sizes of welds employed may be influenced by sev- 
eral factors in the operational conditions for which 
the boiler is designed. For general guidance in this 
annex, weld sizes have been shown for the various 
connections recommended, based on the concept 
that the welded joints should develop the full 
strength in tension of the branch radial to the shell 
as indicated in figures B.2 a) and 8.2 b). In general, 
it should therefore be unnecessary to apply larger 
welds than those shown. 

The simple, though approximate, assumption has 
been accepted that the total throat thickness of the 
welds should equal twice the branch thickness. It 
has also been assumed that the welds should be 
reasonably symmetrical about the full thickness of 
the connection. 

It is further recommended that, when the branch 
thickness exceeds half the thickness of the shell, full 
penetration joints should be used with fillet welds 
equal in total throat thickness to 20 YO of the shell 
thickness as shown in figures 8 . 2 ~ )  and B.2d). This 
additional throat thickness is recommended to com- 
pensate for the relative practical difficulty of apply- 
ing perfectly sound welds in nozzle connections and 
of applying non-destructive tests for their exam- 
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ination. These additional fillet welds are also in- 
tended to provide a reasonable geometric profile, 
and for practical reasons a minimum dimension of 
6 mm has been applied to the fillet weld size. 

There may be service conditions for which smaller 
welds are adequate. In such cases, when subject to 
study by a competent engineer, the weld sizes may 
be reduced. 

B.7.2.2 Gap between branch and shell 

It is recommended that the gap between the branch 
and the shell should not exceed 3 mm. Wider gaps 
increase the tendency to spontaneous cracking dur- 
ing welding, particularly as the thickness of the parts 
joined increases. 

8.7.2.3 Removal of internal sharp edge in branch 
bore 

It will be noted that the internal edges in the bores 
of set-in branches are shown radiused, because a 
stress concentration occurs at this point. This pre- 
caution is recommended when the branch con- 
nection is fully stressed or subjected to fatigue, but 
may not be necessary where these conditions do not 
obtain. 

8.7.2.4 Preparation of hole in shell 

In the case of set-in branches of the types shown in 
figures 8.4 to 8.7 inclusive, the hole in the shell may 
be cut and profiled in two ways as follows. 

a) The depth of the grooves B and D may be con- 
stant around the hole as shown in figure8.2e). 
This, the normal case, is the concept upon which 
the drawings have been prepared [see, for ex- 
ample, figure 8.6 b)]. 

b) The roots of the weld grooves may be in one 
plane, as, for example, when they are machine 
bored, in which case the depths of the grooves 
will vary around the hole as shown in 
figure 8.2 f). 

6.8 Notes applicable to branches with 
added compensation rings In figures B.10 
and B.41 

8.8.1 General 

Compensation rings should be a close fit to the shell 
and tell-tale holes should be provided in them. 

8.8.2 Set-in branches 

It is recommended that the gap between the branch 
and the shell should not exceed 3 mm. Wider gaps 
increase the tendency to spontaneous cracking dur- 
ing welding, particularly as the thickness of the parts 
joined increases. 

5.9 Notes applicable to tube and to tube 
plate connections 

8.9.1 Tubes are welded to tube plates by several 
processes other than manual metal-arc welding to 
which this International Standard primarily refers 
(see 6.1). These include the oxy-acetylene gas and 
atomic hydrogen processes where appropriate and 
the TIG process, both manual and automatic, whose 
application in recent years has extended widely. The 
connections recommended do not apply only to 
metal-arc welding in this sphere of application, and 
selection of the connection to use must be largely 
influenced by the welding process to be employed. 

8.9.2 It is advisable to examine the tube plate for 
laminations before machining. 

8.9.3 Tubes should be a close fit in their holes and 
this may be achieved, for example, by light drifiing. 

8.9.4 Care should be taken to ensure that the tube 
ends and tube plate holes are clean before welding. 

8.9.5 The sharp edge on the inside of the tube 
plate hole should be removed where there is a risk 
of damage to the tube by fretting in service. 
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Dimensions In millimetres 

8 8 O 

a 15' to 35' 

6 2- 2 to 3 

g1 = 1.5 to 3 b = O  to 3 
s 1 = 2 t 0 3  g2  (seenote21 r - 6 t o 1 3  

NOTES 

1 These recommendations have been included for general guidance. Discretion must be used in applying the maximum 
and minimum dimensions quoted which are subject to variation according to the welding procedure employed (for example, 
size and type of electrodes) and also to the position in which the welding is carried out. 

2 It is recommended that in no case should the gap between the branch and shell exceed 3. Wider gaps increase the 
tendency to spontaneous cracking during welding, particularly as the thickness of the parts joined increases. 

Figure B.l - Standard weld preparation details 
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Dimensions in millimetres 

Weld slzes 
( B ~  + F ~  1 + (&  + F~ ) = 2 e  

B.2a) - 

Weld slzes Weld sizes Weld sizes 
( 8 ,  + F I  1 + D z 2 e  F ,  e/10 or 6 F2=  e/3 or 6 

whichever is larger whlchever Is larger 

B.2f) - B.2e) 

Figure 8.2 - Weld preparation details for set-in branches 

- 
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Dimensions in millimetres 

1 = !?2 mln., but not Less than 6 3 
NOTE - Preference should be given t o  the detail shown In B.3b) 
It e rb exceeds about 16. 

Ma)  - 

e rb I = - mln., but not less than 6 3 
B.3b) - 

NOTE - For details @ and 0, see figure B. 1. 

Figure 8.3 - Set-on branches 
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Dimenslons in millimetres 

ers 

10 ï, = - min. or 6, whichever Is larger 

- BAa) 

I 

ers 
5 F 2  =- min. or 6, whichever is larger 

B.4b) - 
NOTES 

1 

2 For details @ and 0, see figure B.1. 

Full penetration connections. Generally used when er,, is greater than eJ2. 

Figure 8.4 -- Set-in branches 
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\’ 
ers 
10 F I  =- min. or 6, whlchever Is larger 

8.5a) 

l 

ers 
5 Fz’- min. or 6, whlchever la larger 

B.5b) - 
NOTES 

1 Full penetration connections. Generally used when er,, is greater than 4 2 ,  

2 For details @ and 0, see figure B. l .  

Figure 8.5 - Set-in branches 

Dlmenslons In milllmetr 
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Dimensions in millimetres 

e i s  

10 i l  = - mln. or 6, whichever Is larger 

B.6a) - 

I 

I 

s = 1.5 to 2.5 
F ~ =  5 mln. or 6, whlchever Is Larger 

5 
B.6b) 

I 
NOTES I. 1 Full penetration connections with asymmetrical butt joints. 

2 For details @ and 0, see figure B.1.  

Figure B.6 - Set-in branches 

131 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011


I S 0  57301 992(E) 

Dimensions in millimetres 

a 1 = 9 rnln.. but not less than 6 

izd L = ";- rnln., but not less than 6 

u/A e,,,= 25 max. 

B.7bl - 
NOTES 

1 

2 For details @ and 0, see figure B.1. 

3 As a general recommendation, all set-in branches should be welded on the inside of the shell as shown in figures 8.4 
to 8.6 if they are accessible for the purpose; otherwise preference should be given to set-on branch connections as shown 
in figure 8.3. However, the connections shown above in figures 8.7 a) and 8.7 b) are considered to be acceptable, but only 
if assurance can be provided that the welding procedure employed will ensure sound and consistent root conditions with 
uniform penetration. 

Full penetration connections welded from one side only. 

Figure B.7 - Set-in branches 

132 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011


IS0 5730:1992(E) 

Conventional butt Joint 

See 8.5.1 and 8.5.2 r 

NOTE - Forging should be to good practice and within the correct range of temperature for the material used. 

Figure B.8 - Forged branch connections 

The parallel portlon should be sufflciently 
long to permit satlstactory radlogruphic 
exnmination when required 

The parallel portlon should be sufflciently 
long to permit satlstactory radlogruphic 
exnmination when required 

B.9b) - 
NQTE - Conventional butt joints are used to connect the forging to the shell and may not necessarily be of the form shown. 
See also 8.4.1 and 8.4.2. These forgings, connecting branches to shells, are used with various forms of profile. 

Figure B.9 - Forged branch connections 
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Tell-tale hole 

Conslderatlon may be glven to this detnil - 

Dimensions in millimetres 

E -  10 mln. 

I 

rl 

For rhell-to-branch connection, see tlgure 8.3 

as the requlred weld slze Is increased 
@O@ 

(See 8.5.1) 

Figure B.10 - Set-on branches with added compensation rings 
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Dimensions In mllilmetres 

1. I 

Tell-tale hole m E = I O  mln. 

6 

L For shell-to-branch Jolnts, 
!. _--- L---.' see flgures 8.4 to 8.6 

Conslderatlon may be glven to thls detall 
as the requlred weld slze Increases 

(See 8.4.1) 

Figure B.11 - Set-in branches with added compensation rings 
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Dimensions in millimetres 

B.12~) 

NOTE - For details @ and 0, see figure B.1. 

Figure 8.12 - Butt-welded studded connections 
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i 

Di mensions in mi II i me t res  

ined after weldlng 

Weld sires 
c = e r b  

A e rb min., after machining 
flange t o  final thickness 

B = e r b  

To proJect when assembled tor welding 

8.13a) Face and back welded flange 

e 

A 
d 

- Generally machlned after weldlng 

A e rb /2 but 5 min., after machining c flange to  final thlckness 

I I I I  

B.13bl Bore and neck welded flange 

NOTE - The clearance between the bore of the flange and the outside diameter of the vessel should not exceed 3 at any 
point and the sum of the clearances diametrically opposite should not exceed 5. 

Figure 8.13 - Flanges 
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NOTE - See B.5.2. 

138 

Figure 8.14 - Weld neck flange 
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I 
, 6 ,  

I e w  4 
B.15a) Constructlon for set-in end plates 

NOTES 

IS0 5730:1992(E) 

Dimenslons In mllllmetres 

I I I -  
10 mln., - , 6, 

B.15b) Alternatlve constructlon for set-in end plates 

1 
approximately 4:3 and the minimum throat thickness should be related to the shell thickness as follows: 

The shape of the internal fillet weld should be concave. The ratio of the leg lengths, shell to end plate, should be 

Shell thickness, ers 

12 < ers < 16 
e, > 16 

ers < 12 
Minimum throat thickness 

4 
5 
6 

2 The use of the minimum angle should be associated with the maximum radius r of I O .  Conversely, ... e maximum 
angle should be associated with the minimum radius r of 5. 

Figure 8.15 - Attachment of unflanged flat end plates or tube plates to shell 
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-I1 Gas box flange (If required) 
I Weld proflle end radlus r t o  be obtained 

[by weld deposltlon and subsequent machinlng i 
!See note 3 

Conventional butt Jolnt 

I S 0  5730:1992(E) 

NOTES 

8.150 Construction for set-on end - plates (see notes 1,2,3 and 4) 

Dimensions In millimetres 

-7 

Weld profl le and radlus r to  be obtained 
by weld deposltlon and subsequent machlnlng 

Conventional slngle-slded 
/--butt Joint (see note 2) 

erep - - 

8.15d) Construction for set-on end Dlates where 
internal access Is Limlted (see notes 1,2.3 and 5) 

I Figures B . 1 5 ~ )  and B.15d) are for attachment of end plates to shell in waste-heat boilers when there is danger of 
lamellar tearing of the shell plate. 

2 Conventional butt joints are used and may not necessarily be of the form shown. 

3 When a gas box flange is attached by welding as shown, a machined groove to reduce stress concentration is preferred. 

4 Taking into account the stress conditions, the junctions of the internal welded seams with the surface of the plates shall 
be such as to avoid any notch effects. 

5 The welding procedure shall ensure sound and consistent root conditions and uniform penetration. 

Figure B.15 - Attachment of unflanged flat end plates or tube plates to shell (concluded) 
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NOTE - The use o f  the mlnlmum angle should be assodated wlth the 
maxlmum radlus f of 10. Conversely, the maximum angle should be 
assoclated wlth the mlnlmum radius f of 5. 

Figure 8.16 - Attachment of end plates or tube plates to reversal chamber wrapper plates 
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-au length 

NOTE - The use of  the mlnlmum angle should be associated wlth the 
maximum radlus P of IO. Conversely, the maxlmum angle should be 
associated wlth the mlnlmum radlus r of 5. 

Dimensions in millimetres 

length 

3 max. 

B.16d) - 
Figure B.16 - Attachment of end plates or tube plates to reversal chamber wrapper plates (concluded) 
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3 max. - 

q--- 
(See note 2) 

l i  I 

NOTES 

1 The 
should 

Dimensions in millimetres 

4 - e w  4 

t 50 I 

tube plate or 
thickness as 

end plate, 
follows: 

shape of the internal 
be approximately 4:3 

fillet weld should be concave. The ratio of the leg lengths, furnace to 
and the minimum throat thickness should be related to the furnace 

Furnace plate thickness, e,, 
erf < 12 

12 G erf d 16 
e,, > 16 

Minimum throat thickness 
4 
5 
6 

2 The use of the minimum angle should be associated with the maximum radius r of 10. Conversely, the maximum 
angle should be associated with the minimum radius r of 5. 
3 The plate edge radius of not less than erf/2 is only required when the furnace end is exposed to flame or comparably 
high temperature. 

Figure 8.17 - Attachment of furnaces to tube plates or end plates (dished or flat) 
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Dimensions in millimetres 

See note 1 

B.1ôb) - B.18a) - 

B.18c) - 

\ I I  / 

NOTES 

1 The use of the minimum gap and the minimum angle should be associated with the maximum radius Y of IO. Conversely, 
the maximum gap and the maximum angle should be associated with the minimum radius r of 5. 

2 Gouge out before applying weld from the second side. 

Figure 8.18 - Plate preparation for butt-welded longitudinal and circumferential seams 

Dimenslons in mllllmetres 

1) L =  4( t z  - t l  1, but not less than 38 Where t z -  t l  does not exceed 3 

- B.19a) - B.19b) 

NOTE - V-preparation may be used as an alternative. 

Figure B.19 - Cross seams in end plates 
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Dimensions in millimetres 

End plate 

(See the note) 

m 

1 L A c c e s s  tube ...+ 
_---.___-___----- 

NOTE - The use of the mlnlmum angle should be assoclated wlth the 
maximum rndlus r of 10. Conversely, the moxlmum angle should be 
assoclated wlth the mlnlmum radlus r of 5. 

B.20b) - 
Figure 8.20 - Attachment of access tube to end plate 
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Annex C 
(informative) 

Calculation of tube plate temperatures 

C.1 General 

This annex provides a method for the calculation of 
the hot-face metal temperature and the average 
(design) temperature of tube plates within the tube 
nest. 

The calculation takes into account the effects under 
steady conditions of heat transfer 

a) from the hot gas to the tube plate face and tube 
inside surfaces by convection, including the tube 
entrance effect, and radiation, including radiation 
interchange in the reversal chamber, 

b) by thermal conduction through the tube plate and 
tube walls from the tube plate face and tube in- 
side surfaces to the water side surfaces, assum- 
ing adequate thermal contact between tube and 
plate, and 

c) by nucleate boiling from the water side surfaces. 

The method and design curves have been devel- 
oped from published heat transfer data and contain 
some simplifying approximations which tend to be 
self-compensating. Calculated and measured tem- 

I peratures have shown good agreement where com- 
plete data are available. 

c.2 

a 
A 
Ac 
AR 
c 
d 
D 
e 
F 

G 
kE 
k0 
h'C0 

hnl 
hR 
h'R 
4 

4 3  

L 

N 
P 
t 
tC 

146 

Symbols 

Heat input area to the tube plate element from the tube plate face (see figureC.8). 
Heat input area to the tube plate element from the tube inside surfaces (see figure C.7). 
Total effective water-cooled surface area in the reversal chamber. 
Total refractory surface area in the reversal chamber. 
Correction factor for tube to tube plate contact thermal resistance. 

m m2 
mm2 
m m2 
m m2 

Inside diameter of the convection tube. 
Reversal chamber inside diameter (for cylindrical chambers). 
Tube plate thickness. 
Overall exchange factor for radiation interchange in the reversal chamber (see 
figure C.2). 
Tube specific gas flow rate. 
Tube entrance convection coefficient (see figure C.6). 
Corrected basis convection coefficient (see figure C.5). 
Hypothetical basis convection coefficient (see figure C.4). 
Tube plate thermal conductance. 
Radiation coefficient for the tube plate face. 
Radiation coefficient for black exchange (see figure C.1). 
Weighted average heat transfer coefficient. 
Reversal chamber inside length (for cylindrical chambers). 
Reversal chamber radiation beam length. 
Water side constant, = 4000. 
Average pitch between the tube centres. 
Tube plate average (design) temperature. 
Initial estimate of tM. 

mm 
mm 
mm 

kgi(m2.s) 
W/( m2. K) 
W/( m2.K) 
W/(m2.K) 
W/(m2.K) 
W/( m2.K) 
W/( m2.K) 
W/( m2.K) 
mm 
mm 
W/( m2.K) 
mm 
"C 
"C 
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tM 

tS  

P 
Y 
a 

cp 

True gas temperature at the tube entrance. 
Tube plate hot-face metal temperature. 
Boiler water temperature. 
Tube plate average temperature factor (see figure C.12). 
Heat transfer factor for the tube plate element (see figure C.10). 
Tube plate thermal conductivity: 

for steel grades 460 and 490, = 40000; 
for steel grades 400 and 430, = 45000. 

Tube plate hot-face temperature factor (see figure C.11). 

"C 
"C 
"C 

W.mm/( m2.K) 

C.3 Calculation method 

C.3.1 Radiation coefficients 

Determine the radiation coefficient h', for black ex- 
change, i.e. emissivity = 1, F = 1, from figureC.l. 
The gas temperature tG at tube entry shall be the 
true value as would be measured by a multishield 
high-velocity suction pyrometer. (An ordinary 
thermocouple will always read low; the error may 
be up to 300 OC.) Assume an initial value tc for the 
tube plate hot-face metal temperature. Typical val- 
ues shown on figureC.1 will usually avoid the 
neccessity for reiteration. 

The emissivity of the gas is dependent on the gas 
analysis, temperature, partial pressures and the 
beam length in the reversal chamber. The curves in 
figure C.2 are based on the excess air normally used 
in directly fired boilers. For products of coal com- 
bustion, it is recommended that the natural gas 
curve be used to allow for particle radiation. For 
other gas mixtures, the gas emissivity should be 
determined from a text on radiant heat transfer, 
e.g. [I]. 

The radiation beam length for a cylindrical reversal 
chamber is given by the following formula: 

o , m  LB = LID -k 0,5 

For chambers which are not cylindrical, the radiation 
beam length is given by the following formula: 

VC r, = 3,3 - 
Ac, 

where 

V, is the chamber volume; 

Ac, is the chamber surface area. 

In calculating the chamber surface area no re- 
duction shall be made for tube holes or the furnace 
opening. 

For chambers containing refractory linings A,/& is 
the ratio of the total effective (reflecting) refractory 
surface area to the effective cooled (absorbing) sur- 
face area in the chamber. 

A ,  includes the total area enclosed within the tube 
plate perimeter, i.e. no reduction for tube holes or 
the furnace opening. 

ARIAc for cylindrical chambers may be obtained 
from figure C.3. 

For fully water-cooled chambers ARIA, = O. 

Determine the overall exchange factor F from 
figureC.2, then the radiation coefficient for the tube 
plate face is given by the following formula: 

/IR = FKR 

Radiation to the tube inside surfaces is taken into 
account by use of the coefficient 0,5h, in the 
equation for the weighted average heat transfer co- 
efficient h, (see C.3.3). 

C.3.2 Convection coefficients 

The hypothetical basis convection coefficient is 
dependent on the specific gas flow rate G in the 
convection tubes and on the tube inside diameter 
d. For the products of combustion of oil fuels, natural 
gas and coal, determine from figureC.4. Deter- 
mine the correction factor kolh'co for the tube entry 
gas temperature from figure C.5. Then the corrected 
basis convection coefficient for fully developed tube 
flow at temperature tG is given by the following for- 
mula: 

ko = h'co (e) 
For other gases where the values of specific heat, 
thermal conductivity or viscosity are different from 
those for the products of combustion of oil or natural 
gas, the value of ko may be deduced from the 
equation for fully developed flow inside tubes as 
fol lows: 

Nu = 0,023Re0'* 

147 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011


I S 0  5730:î 992(E) 

where 

Nu is the Nusselt number, based on the tube 
inside diameter d 

Re is the Reynolds number, based on the 
tube inside diameter d; 

Pr is the Prandtl number: 

(see, for example, [I]). 

Determine the correction factor &I& for the tube 
entrance region from figure C.6. Then the average 
convection coefficient, bE, for the tube inside sur- 
face over the effective length for heat input to the 
tube plate, is given by the following formula: 

&E = ko( e) 
Convective heat transfer to the tube plate face is 
taken into account by the use of the coefficient bo 
in the equation for the weighted average heat 
transfer coefficient 4 (see C.3.3). 

C.3.3 Wefghted average gas-side heat 
transfer coefficient 

For the tube plate element, bounded by tube inside 
surfaces and planes containing tube centre-lines, 
the heat input areas A (tube inside surfaces) and a 
(tube plate face) are determined from figures C.7 
and C.8. 

The weighted average heat transfer coefficient is 
then calculated as follows: 

where 

C = 0,9 for tubes expanded only; 

C = 0,95 for tubes expanded and welded; 

C = 1 for tubes full penetration welded. 

C.3.4 Tube plate thermal conductance 

The tube plate thermal conductance is given by the 
following formula: 

h,=- a 
e 
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C.3.5 Water side heat transfer 

Heat transfer conditions at the water side surfaces 
are taken into account in the equations for the tube 
plate metal temperatures by use of the constant N .  

C.3.6 Tube plate temperatures 

The following equations for the tube plate hot-face 
and average metal temperatures are based on 
equations developed by Gardner [a]: 

The factors q ,  and p are dependent on Ala (from 
figureC.9) and on h/hm and are obtained from fig- 
ures C.10 to C.12. 

C.4 Example of a calculation carried out 
using the method given in C.3 

C.4.1 Design data assumed 

Fuel: natural gas 

Boiler: multitubular waste heat with refractory-lined 
hot-gas chamber 

Specified inlet gas temperature: 900 "C 

Boiler design pressure: 1 , l  N/mm2 

Saturation temperature: ts = 188 "C 

Boiler tubes: 

inside diameter d = 56,3 mm 

pitch, triangularp = 88 mm 

gas flow rate G = 11 kg/ (mh) 

Tubeplate: 

thickness e = 22 mm 

material 430 grade 

Tube end attachment: expanded and welded 
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Inlet gas chamber: 

cylindrical, refractory lined on wrapper and back 
plates 

inside diameter D = 1800 mm 

inside length I, = 1 O00 mm 

C.4.2 Calculation of radiation coefficient 

The calculation of the radiation coefficient hR is car- 
ried out as described in (2.3.1. 

From figureC.l, using an assumed value of 
tc = 350 "C indicated by the typical dry back curve, 

Radiation beam length 

h l R  = 185 W/(m2.K). 

0,83 x 1 000 = 786 mm 0 L -  - (1 000/1 800) + 0,5 

From figureC.3, AR/& = 3,15 where L / D  = 0,555. 

From figureC.2, F = 0,58. 

Therefore, 

hR = 0,58 x 185 = 107,3 W/(m2.K) 

C.4.3 Calculation of convection coefficients 

The calculation of convection coefficients and 
kE is carried out as described in C.3.2. 

From figureC.4, h'cO = 61 W/(m*.K). 

From figureC.5, ko/h',, = 0,952. 

Therefore, 

= 61 x 0,952 = 58,l W/(m2.K) 

From figureC.6, &/Aco = 2,9, where e/d = 22/56,3 
= 0,391. 

Therefore, 

kE = 58,l x 2,9 = 168,5 W/(m2.K) 

C.4.4 Calculation of weighted average 
gas-side heat transfer coefficient 

The calculation of the weighted average gas-side 
heat transfer coeficient h, is carried out as described 
in C.3.3. 

From figure C.7, A/d2 = 0,6, where e/d = 0,391, trian- 
gular pitch. 

From figureC.8, U/& = 0,67, where p/d  = 88/56,3 
= 1,563. 

For tubes expanded and welded C =  0,95. 

The refore, 

4 =  0,6 + 0,67 
0,95[0,6(168,5 + 0,5 x 107,3)] + 0,67(58,1 + 107,3) 

= 187 W/(m2.K) 

C.4.5 Calculation of tube plate thermal 
conductance 

The calculation of the tube plate thermal 
conductance /I,,, is carried out as described in C.3.4. 

For 430 grade steel A = 45000 W.mmi(m2.K) (see 
C.2). Therefore, 

/I,,,=---- 45 'Oo = 2 045 W/(m2.K) 
22 

C.4.6 Calculation of tube plate temperatures 

The calculation of tube plate temperatures t and tM 
is carried out as described in (23.6. 

4 187 -- --=0,091 44 
h,,, 2 045 

From figure C.9, Ala  = 0,9. 

From figures C.10, C.11 and C.12, 
y = 1,72 

cp = 0,885 

/I = 0,935 

Therefore, the tube plate hot-face metal temperature 
is given by 

t M  = 188 + 15 + (900 - 188) x 

] .= 332 "C 
[I - 1 + (1,72 x 187)/4 O00 

This is below the limit given in 3.4 and is therefore 
satisfactory. 

The tube plate average (design) metal temperature 
is given by 

t = 188 + 15 f (900 - 188) x 

] = 299 oc 
[I - 1 + (1,72 x 187)/4 O00 
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Figure C.1 - Radiation coefficient hlR for black exchange (F= 1) 
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Figure C.2 - Determination of overall exchange factor I; 
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NOTE - For a non-cylindrical chamber, include the total superficial area of the tube plate in A, (no reduction for tube holes 
or furnace openings). 

Figure C.3 - AR/Ac  for a cylindrical chamber with diameter D and length L 
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Figure C.4 - Basis convection coefficient h’co 
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Figure C.5 - Determination of correction factor /ko/h'co 
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Figure C.6 - Determination of correction factor &E/&o 
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Figure C.7 - Non-dimensional tube area STANDARDSISO.C
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Figure C.8 - Non-dimensional plate area 
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Figure C.9 - Tubeiplate area ratio 
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Figure C.10 - Factor y 

A - a 
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Figure C.11 - Factor p 
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Figure C.12 - Factor p 
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Annex D 
( i n fo rm a t ive) 

Feed-water and boiler water quality 

D.l Introduction 

D.l. l  This annex gives guidance on the feed-water 
and boiler water quality necessary for steam gener- 
ators with a design pressure of greater than 
0,l N/mm* and less than or equal to 3 N/mm2. It 
applies to the zone between the water inlet and the 
steam outlet of the steam generator. 

D.1.2 The feed-water and boiler water of steam 
generators should meet certain minimum require- 
ments. In principle, the feed-water and boiler water 
should be clear, colourless and free from suspended 
substances and conditioned to prevent corrosion. 
When the guidance conditions for feed-water and 
boiler water given in tables D. l  to D.3 are adhered 
to, the essential prerequisites for safe and trouble- 
free operation of the steam generator should exist. 
As well as the basic ideas relating to safety engin- 
eering aspects, economic aspects have also been 
taken into consideration. 

The guidance conditions apply to new plant. How- 
ever, application of these conditions to plant already 
in operation is also advised if trouble due to water 
chemistry is likely to impair the operational safety 
and reliability of the plant. 

D.1.3 The observance of the necessary water 
quality should be controlled according to works or 
factory instructions and the results of water 
measurements should be recorded. 

0.2 Factors to be considered 

D.2.1 General 

In shell boilers, all substances, except those volatile 
id steam, which are fed into the boiler with the 
feed-water, remain in the boiler and are concen- 
trated. There is, therefore, a direct relationship be- 
tween feed-water and boiler water quality. 

The concentration of substances in the boiler water, 
especially when demineralization is not practised, 
leads to high concentrations of dissolved solids 
which can, however, be reduced by blowdown. 

The substances contained in the boiler water will 
affect the corrosive properties of the water and the 
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formation of deposits both in the boiler and in the 
superheater (if any). Since the solubility of certain 
salts (e.g. sulfates, phosphates) decreases with ris- 
ing temperature, thus favouring deposits from 
supersaturated solutions, concentration should be 
limited (see tables 0.2 and 0.3). 

D.2.2 Corrosion 

The material predominantly used in steam boiler 
plants is steel and this is attacked by both water and 
steam. However, under suitable conditions, the at- 
tack will lead to the formation of a protective layer 
adherent to the metal, i.e. a magnetite layer which 
impedes further attack by water and steam, thus ef- 
fecting self-inhibition of the corrosive action. 
Magnetite protective layers, as well as other com- 
parable layers on other materials, are indispensable 
to avoid corrosion. 

D.2.3 Deposits 

Corrosion products lower the quality of the feed- 
water or boiler water because they form deposits. 
Deposits may result from the crystallization of dis- 
solved substances from supersaturated solutions or 
the precipitation of suspended solids. Owing to the 
deposition of deposits of a certain morphology, 
electrolytes dissolved in the water may reach such 
a high concentration that, depending on the thermal 
load, the boiler material is damaged by corrosion. 

D.2.4 Suspended solids and emulsified or 
dissolved substances 

Suspended solids and emulsified or dissolved or- 
ganic substances increase the tendency of the boiler 
to foam, especially in the alkaline range, contribute 
to the impurity of saturated steam and lead to de- 
posits, for example in superheaters. 

Organic substances can comprise a variety of sub- 
stances which, according to their composition and 
behaviour under the operating conditions of a steam 
generator, cannot be controlled. In the boiler they 
may decompose to form acidic substances thereby 
reducing the alkalinity of the boiler water which 
may, in turn, lead to corrosion. 

Oil alone or together with suspended substances, 
e.g. corrosion products, undissolved calcium and 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 57

30
:19

92

https://standardsiso.com/api/?name=032a09ea142988e51a2f906a4a6fb011

	3.4 Calculation temperature
	3.5 Furnaces
	3.6 Nominal design stress
	3.7 Cylindrical shells under internal pressure
	3.8 Unstayed dished heads without openings
	dished heads
	Design of isolated openings in shell boiler flat end plates
	3.15 Uripierced tubes and pipes and lube plates
	welding
	4.4 Tell-tale holes
	4.5 End plates and tube plates
	4.6 Plain tubes and stay tubes
	4.7 Manhole frames and openings
	4.10 Water-cooled reversal chainbers

	Section 5 Workmanship and construction in welding
	5.1 General
	5.2 Materials
	5.3 Design
	5.5 Non-destructive testing
	5.6 Openings in or adjacent to welds
	5.7 Fillet welds
	5.8 Fabrication

	5 9 Inspection and tests
	plates

	Section 6 Inspection and testing
	6.1 Qualification of inspectors
	6.2 Inspection during construction
	6.3 Pressure tests

	Section 7 Docuinantation certification and stamping
	7.1 Design specification drawings and data sheets
	7.2 Documents to be submitted to the inspector
	7.3 Stamping

	Section 8 Safety valves fittings and mountings
	8.1 Safety valves
	8.2 Water gauges
	8.3 Steam pressure gauges
	8.4 Blowdown inountitigs
	8.5 Valves for connections
	8.6 Materials for valves and fittings
	8.7 Flanges arid boltirig
	8.8 Automatic controls

	manufacturer
	Typical examples of acceptable weld details
	Calculation of tube plate temperatures
	Feed-water and boiler water quality
	Model form for inspection certificate
	certificates
	Ultrasonic examination of welds
	Magnetic particle examination
	Informative references

	Wet back boiler *
	Wet back boiler
	Wet back boiler
	Dry back boiler
	Semi-wet back boil
	Reinforcement of openings and branches
	Non-radial branches and adjacent branches
	Compensation for branch in flat end plate
	flat end plates

	Welding of compensating plates
	Openings for access and inspection
	Typical arrangement of end plate in a multitubular boiler
	circles and sub-circles in flanged end plates

	Use of sub-circles (twin furnace)
	Use of sub-circles (single furnace)
	Determination of factor y
	Permitted weld details of plain bar stay
	Permitted weld details of stay tubes
	Location of stays in reversal chamber back plates
	Details for diagonal link stays
	Notation used for tube bends
	Permitted methods of attaching plain tubes
	Bowling hoops
	Coefficient for calculation of stress at saddle supports
	Mounting screwed into steel distance piece
	Access opening for wet back boilers
	Cutting up the test plate
	Bend test specimens for pipes and tubes
	Test pieces for fillet welds
	Plate alignment
	Reduced section tensile test specimen
	All-weld-metal teilsile test specimen
	Side bend test specimen
	Impact test specimen V-notch
	mitted

	Standard weld preparation details
	Weld preparation details for set-in branches
	Set-on branches
	Set-in branches
	Set-in branches
	Set-in branches
	8.7 Set-in branches

	B.8 Forged branch connections
	B.9 Forged branch connections
	B.10 Set-on branches with added compensation rings
	B.ll Set-in branches with added compensation rings
	8.14 Weld neck flange

	shell
	flat)

	circumferential seam
	8.19 Cross seams in end plates

	8-20 Aitachment of access tube to end plate
	Radiation coefficient h for black exchange (P-
	length I

	C.4 Basis convection coefficient hlcO
	C.5 Determination of correction factor t+.o/h'co
	C.6 Determination of correction factor
	C.7 Non-dimensional tube area
	C.8 Non-dimensional plate area
	Tiibe/plate area ratio
	C.10 Faclor y
	Factor cp
	Factor
	Guidance values for silica Siû,)
	Guidance values for alkalinity CaCO,)
	IS0 reference block
	Use of reference blocks

	Distance-amplitude correction curve
	Reference plane for butt welds
	Graph representing the ult
	Determination of the conv

	Direction of magnetization
	Tables
	Weld attachments
	Design parameters for unflanged flat end p
	thickness of the end plate exceeds
	Extent of radiographic or ultrasoni
	plates sections bars and forgings
	welded pipes and tubes
	Widths of bend test specimens for pipes and tubes
	joints

	Maximum misalignment of plates with longitudinal joints
	circumferential joints in plates

	Rate of cooling to 300 "C during post-weld heat treatment
	Permitted reinforcement
	Methods of non-destructive testing for connections etc
	Bend test requirements
	Guidance conditions for feed-water quality
	Guidance conditions for boiler water quality

