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Foreword

ISO (the Infernational Organization for Standardization) is a worldwide
federation 9f national standards bodies (ISO member bodies). The work

of preparin
technical ¢
which a teq
represented
mental and
work. 1SO

International Standards is normally carried out through ISO
bmmittees. Each member body interested in a subject for
hnical committee has been established has the right to be

on that committee. International organizations, govern-
non-governmental, in liaison with ISO, also take part in the
collaborates closely with the International Electrotechnical

Commission {IEC) on all matters of electrotechnical standardization.

Draft Intern
circulated {
national St
bodies cast

Internationg
ISO/TC 11,
boilers.

Annexes A,

htional Standards adopted by the technical committees are

the member bodies for voting. Publication as an Inier
ndard requires approval by at least 75% of the member
ng a vote.

| Standard 1SO 5730 was prepared by Technical Committee
Boilers and pressure vessels, Sub-Committeet8C 5, Shell

B, C, D, E, F, G, H and J of this International Standard are

for information only.
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INTERNATIONAL STANDARD

1ISO 5730:1992(E)

Stationary shell boilers of welded construction (other than

water-tube boilers)

Section 1:

General

11 Scd

111 Th
quiremen
heat boile
0,05 N/mn
signs, ¢
manganes

pe

s International Standard specifies re-
s for both directly fired boilers and waste-
rs with a gas-side pressure not exceeding
12 (0,5 bar)", of cylindrical horizontal de-
pnstructed from carbon or carbon
e steels by fusion welding and, in the case

of a boiler for the purposes of this
Standard. Superheaters ‘and economiz
tegral with ©ryseparate from the boiler
structed ‘1o~ the requirements of
International Standard for water-tube b

International
ers either in-

shall be con-
thefuture

oilers.

EEL] SRR A

1.14.5 This International Standard do
brickwork setting, insulation or furnace

es hot cover
fittings.

of directly fired boilers, a desigh pressure not ex-
ceeding 3[N/mmZ. The boilers covered by this Inter-
national Btandard are intended for land use for
providing [steam or high-pressure hot water. (Typical
examples| are shown in figures 1 to 5.) ThisiInter-
national Ptandard does not apply to water-tube
boilers, tp boilers for railway locomatives, or to
marine bqgilers.

1.1.2 Th|s International Standard applies to the
boiler prdper, from the feed<water inlet connection
to the stepm outlet connection and to all other con-
nections, [including those/required for valves and
steam angl water fittings. If welded ends are used,
the requitements §pecified herein begin or end at
the weld where<flanges, if used, would have been
fitted.

1.14.6 This International Standard does not. cover
rules of construction since they cannof be written in
sufficient detail to ensure good workmanship and
construction. Each manufacturer is responsible for
taking every necessary step to make isure that the
guality of workmanship and constructipn is such as
to ensure compliance with good engifeering prac-
tice.

1.1.7 Informative references are givef in annex J.

1.2 Normative references

1.1.3 This International Standard applies to boilers
having a capacity of greater than 0,025 m3, a press-
ure greater than 0,1 N/mm2 and a water tempera-
ture in excess of 120 °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/mm2 = 1 MN/m2 = 1 MPa
1 bar = 105 N/m2 = 105 Pa

The—foHowing—standards—eontain—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 I1SO maintain
registers of currently valid International Standards.
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I1SO 148:1983, Steel — Charpy impact test (V-notch).

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

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

ISO 1106-2:1985, Recommended practice for radio-
graphic e inati ] d_joints —

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

ISO 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.

18O 10474:1991, Steel and steel products — In-
spection documents,

Part 2: Fusion welded butt joints in steel plates
thicker thap 50 mm and up to and including 200 mm
in thickness.

1ISO 1106-3:1984, Recommended practice for radio-
graphic examination of fusion welded joints —
Part 3: Fusjon welded circumferential joints in steel
pipes of up|to 50 mm wall thickness.

180 2504:1973, Radiography of welds and viewing
conditions for_films — Utilization of recommended
patte_rns of image quality indicators (1.Q.1.).

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

ISO 2604-2:1975, Steel products for pressure pur-
poses — Quality requirements — Part 2: Wrought
seamless tybes.

'ISO 2604-3:1975, Steel products for pressure pir-
poses — Quality requirements — Part 3: Electric-re-
sistance anfl induction-welded tubes.

IS0 2605-1:1976, Steel products for pressure pur-
poses — Darivation and verification of-elevated tem-
perature pnoperties — Part 1. Yieldor proof stress
of carbon and low alloy steel products.

ISO 2605-3:(1985, Steel products for pressure pur-
poses — Dagrivation and<erification of elevated tem-
perature properties. \=" Part 3: An alternative
procedure |for deriving the elevated temperature
yield or proof stress properties when data are
limited.

1.3 Definitions

For the purposes of this International Sf
following definitions apply. Fhroughout
national Standard additiona), definitions

andard, the
this Inter-
have been

included as necessitated ‘by the specific text con-

cerned,

1.3.1 purchaser: cindividual or organi
buys the completed boiler from the man

1.3.2 designer: Individual or organizat
sumes the sole responsibility for the d4
boiler, He/it determines the shape, dim4

zation who
bfacturer.

on who as-
esign of the
ensions and

thickness of the boiler, selects the materials and

details the methods of construction and

testing.

1.3.3 manufacturer: Individual or organfization who

fabricates or assumes responsibility fo
cation of the boiler or any component th

1.3.4 material supplier: individual or ¢

r the fabri-
breof.

rganization

not being a material producer, who sipplies ma-

terial or prefabricated standardized partg
in the construction of the boiler or any
thereof.

1.3.5 producer of the supplied consts

terial; material producer: Individual or ¢

to be used
component

uction ma-
rganization

who produces materials for the fabricgtion of the

boiler, components or prefabricated s
parts.

1.3.6 regulating authority: Authority in

andardized

the country
d with the

of installation which is legally chargg

ISO 4126-1:1991, Safety valves — Part 1. General re-
quirements.

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

1ISO 5580:1985, Non-destructive testing — Industrial
radiographic illuminators — Minimum requirements.

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

enforcement of that country’s requiremenis 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 and/or

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 th

ISO 5730:1992(E)

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-

r;;ula.

a Dimensions indicated in figures 14, 16 to 18, 43 and 47. mm
g Inner major axis of compensating plate. mm
d, Outer major axis of compensating plate. mm
A Effective radiant heating surface (see figures 1 to 5). m2
A Cross-sectional area effective as compensation without consideration of ailow-

ances. mm?2
Agy, Cross-sectional area of branch effective as compensation. mm?2
Ay Cross-sectional area of reinforcing pad effective as compensation. mm?2
Ays Cross-sectional area of main body effective as compensation. mm?2
Ay Pressure-loaded area without consideration of allowWances. mm?2
Ay Pressure-loaded area relative to branch. S mm?
Aps Pressure-loaded area relative to main body. mm2
b Djmensions indicated in figures 14, 16 to 19, 34, 35, 43, 47 and B.1. mm
b, Minor axis of manhole. mm
b inner minor axis of compensating plate. mm
b, Outer minor axis of compensating plate. mm
B, Djstance from end plate of-shell to centre of saddle. mm
B, Width of saddle top plate. mm
4 Cprrosion allowance! mm
C Shape factor (figure7).
o Cpnstant depending on method of support as given in 3.14.2.4.
C, Effective length of nozzle as given in 3.10.2 and figure 10. ' mm

3 FLctor forthe calculation of stress at saddie support.

d Djarmieter of tube hole. mm
d, I r mm
dy, Internal diameter of branch. mm
di, Diameter of inner periphery of circular pad or compensating plate. mm
ds Internal diameter of main body (cylindrical shell, spherical shell or dished head). mm
dy Depth of welded-on girder stay. mm
dy, Mean diameter. mm
d, Qutside diameter. mm
dy,  Outside diameter of branch. mm
dop Diameter of outer periphery of circular pad or compensating plate. . mm
d,, Outside diameter of main body. mm
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€rep

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). :

mm
mm
mm
mm
mm
mm
mm

mm

C
Thjckness of gusset stay.

Adtual wall thickness of branch or standpipe minus allowances for corrosion and
minus tolerances.

Adctual wall thickness of flat end plate.
Actual wall thickness of furnace.
Effective wall thickness of reinforcing pad.

Acfual wall thickness of main body (cylindrical or spherical shell ordished head)
mihus allowances for corrosion and minus tolerances.

Orflered tube thickness.

Young’s modulus of elasticity at design temperéture.
inal design stress.

Ex{sting mean stress.

Ex{sting mean stress between the centres of two openings.
Allpwable stress for the branch material. :
bined stress at supports.

Allpwable stress for the reinforcing plate;material.
Allbwable stress for the material of the' main body.
Cajculation heat flux.

Clgar height as shown in figufe)t3.

Gajs mass flow rate in first pass tubes.

Minimum width of gusset-stay.

Depth of curvature 6f-dished head.

Helght 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). ‘

Seg¢ond moment of area of one complete furnace corrugation about its neutral axis

mm

mm
mm

mm
mm
mm

mm
mm
N/mmp
N/mmg
N/mm
N/mm
N/mm#
N/mmg
N/mmg
N/mm¢
W/m2
mm

kg/(m3-s)
mm

™~

o

mm

exctuding-cortrosionattowance:

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.

T
mm4
(W-mm)/{(m2-K)
mm

mm

mm
mm
mm
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pb(p

(5]
)

pHd §§<sz3NN

3

<

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 piate.

ISO 5730:1992(E)

mm

mm

mm
mm
mm
mm

ength of shell between end plates.
ean pitch of adjacent tubes.
alculation pressure.

lentre-to-centre distance of adjacent openings, referred to wall centre, without
Hlowances.

entre-to-centre distance of adjacent openings, offset by angle ¢, referred to wall
entre without allowances.

itch of corrugations.

ydrostatic test pressure.

prce on saddle.

gsde radius of knuckle of dished head.

o0

T T

side radius of curvature of dished head or sphericabshell.
ean radius of shell.

utside radius of knuckle of dished head.

utside radius of curvature of dished head or spherical shell.

inimum tensile strength for the grade of\material concerned at room tempera-
re.

.

inimum value of yield point (0,2 %/ proof stress) for the grade of materiai con-
erned at temperature ¢

itch of welded-on girders.
actor of safety.

M

c

A

F

Factor of safety.
Qriginal cross-sectional area of test piece subjected to a tensile test.
Jalculation temperature.

Maximum metal temperature.

Saturation.temperature corresponding to design pressure.
Qut-of-roundness, or ovality.

Weld) factor.

mm

N/mm2

N/mmn2

N/mm?2

N/mm?2
mm

°C
°C
°C
Yo

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 sechon of furnace wall of length equal to one
pitch and thickness e, — c.

Factor determined from figure 18 using the ratio b/a.

Angle of connecting lines between the centres of two openings relative to the axis
of the main body.

mm

degree
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¥ Angle of inclination of branch relative to the
the main body.
0 Angle subtended by the saddle.
1.5 Information to be supplied by the

992(E)

purchaser and the manufacturer

1.5.1 Infq
purchaser]

The purchg
the time of

a) the nam
the purg

ser shall disclose to the manufacturer at
the enquiry

e of the inspecting authority representing
haser,

b) the conditions under which the boiler will be re-

guired t

C) any sps
which th
laws in

See annex

b operate (see 3.1.1 and annex A), and

cial statutory or other regulations with
e boiler is required to comply (e.g. boiler
pountries other than that of manufacture).

A for further information.

normal to the circumferential line of

degree
degree

1.5.2 Information to be supplied by
manufacturer

Prior to the construction of a boiler or

the

a series of

boilers, the manufacturer of the boiler(s) shall sup-

f materials,
calculations for major design details |dnd fully di-
mensioned sectional drawings showing jn full detail
the construction of all the pressure parts of the
boiler, including weld details (for)further jnformation,
see annex B). The manufacturer shall also furnish

certificates and documentation in accofdance with

7.

The boiler manufacturer shall supply the
with operating
equipment supplied. Where alternative
manufactute)or testing are permitted b

e purchaser

instructions appropriate to the

methods of
y this Inter-

national Standard, the manufacturer shiall disclose

to the purchaser or the inspecting autho
the method selected by him before putti
inshand.

rity, or both,
ng the work
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Section 2: Materials

2.1 Introduction
The provisions of section 2 cover
a) plates,

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

include such non-ISO specifications referred to un-
der b) and c) above.

2.21.2 Furnaces with a mean diameter not ex-
ceeding 1400 mm shall be made either from plate
to ISO 9328-2 steel types PH 265 or PH 280, or from
hot-finished seamiess stee! tube to (SO 2604-2,
TS 9H.

c) forgings, and

d) weld metal

of carbon| and carbon manganese steels for press-
ure partd of shell boilers covered by this Inter-
national §tandard.

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

2.2 Geperal

2.2.1 Basic materials

2.211 §&hell boilers shall be constructed from steel
products pelected in accordance with a), b) or c).as
follows:

a) steel [products of the types listed in jable1,
manufactured in accordance with 180 2604-1,
iSO 2604-2, 1SO 2604-3 or 1SO 9328=2, and which
comply in all respects with the /minimum re-
quirements of this Internationai-standard;

b) steel [products of the types listed in table 1,
manufactured in accordance with national stan-
dards| or specifications, provided that these
complly in all respects with the appropriate part
of 18Q 2604 or{ISO 9328 for the steel type con-
cerned and with the minimum requirements of
this sgction;

c) steel ;
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 1SO 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 I1SO 2604 or 1SO 9328
throughout this section shall be considered also to

Furnaces with a mean diameter exceeding 1400 mm
shall be made from steel plate with'a minimum per-
centage elongation of 24 % determingd with refer-
ence to a gauge length of 5,65\/_S:.

2.2.1.3 Cylindrical shelis shall be manufactured
from plate materialConly. Plate cut frogm 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 stedls 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 suftable 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/gr test results
on the weld metal. Where relevant pational stan-
dards or specifications exist, the weld materials
shall comply with these. The mechani¢al properties
of the weld metal shall in all cases |meet the re-
quirements of 5.2.2 and 5.10 and also guch other re-
quirements as may be agreed between the parties.

2.3 WManufacture of the steel

2.3.1 Steel-making process

The steel shall be produced by the|open-hearth,
i cesses, of 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, inéluding 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

2.7 Mechanical properties

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 ra
vice temperature.

nge of ser-

its section.

The forgings shall be brought, as nearly

as practicable, to the finished shape and size by hot

working.

2.7.2 For all products the mechanical properties
at room temperature shall be specified. These are
the tensile strength range, the minimum specified
vield strength,_the minimum percentage elongation

2.5 Hea

treatment

2.5.1 Plates and forgings shall be supplied in a
heat-treated condition appropriate to the steel type

as specified
unless othe
For plates,

in the applicable International Standard,
rwise agreed by the interested parties.
the application of controlled tempera-

tures during or after rolling may take the place of

normalizing,

steel type
Standard,

provided that this is permitted for the
concerned in the International material
hat the specified material properties

would be cpmplied with after an additional normal-
izing- treatrhent; and that no contrary agreements

have been

made between the interested parties at

the time of enquiry. and order.

2.5.2° Unle
ested parti

ss otherwise agreed between the inter-
s, seamless and welded tubes shall be

after fracture, and for tubes the test cahegory and,
where specified, the minimum impact| test value
{average of three tests).

2.7.21 The specified minimum tensije strength
shall be not fess than that)given in table1 for the
corresponding products;) the maximym tensile
strength shall not .eXteed the minimum tensile
strength by more than 420 N/mm?2 and [shall in no
case be higher than 580 N/mm2,

2.7.2.2 The/specified minimum percentage elon-
gation_after fracture referred to a gauge length of
5,65\/3: and, where specified, the mjnimum re-
quirements for the impact, flattening, benhd, 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

supplied in|one of the conditions appropriate to'the
steel type gs specmed in the applicable Internatlonal
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 %. For steels
with a carbpn content higher than 0,23 % and up to
a maximum of 0,25 %; Which are intended for weld-
ing, welding procedures should be specially agreed
between thp parties concerned at the time of en-
quiry and order (see also 5.1.1 and 5.8.1).

.obtained when testing transverse V

strength range.

A minimum impact energy value of 27

pieces.

2.7.3° For all products the minimum 0,2

stress at elevated temperature (R,
specified.

2.7.31 When a sufficient amount of da
able, the minimum elevated-tempers

J shall be
notch. test

% proof
shall be

ta is avail-
ture proof

stress values shall be derlved in accondance with

SO 2605-1.

2.7.3.2 When only limited amounts o

v:nl:nlnhln the minimum-ol

2.6.2 In the cast analysis, phosphorous and sulfur
contents shall not exceed 0,035 % and 0,030 % 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.

f data are
ature proof

stress values shall be derived in accordance with

180 2605-3.

2.7.3.3  Minimum elevated-temperature proof stress

values not derived according to 2.7.3.1 or
also be used provided that

2.7.3.2 may

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

b) they are listed in a national standa

rd 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 R, or the 0,5 % total elongation proof

ISO 5730:1992(E)

210 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 ISO 2604 or with ISO 9328-1 except
where otherwise stated in the following subclauses.

2.10.1 The minimum test requirements for tubes
are

visual inqln_ertinn’

stress Ryls shall be measured, and the material
specificatipn is complied with in this respect if either
value satigfies the specified value of yield strength.

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

a) elevatgd-temperature acceptance testing in ac-
cordange with the appropriate part of ISO 2604,
or

b) the procedure 1SO 2605-1:1976,

clause|3, or

given in

¢) a verillcation procedure acknowledged by the

interested parties as equivalent to the verifi-
cation | procedure given in 1SO 2605-1:1976,
clause|3.

2.8.4 Wheere steel products are manufactured-and
supplied if accordance with 180 2604, 1ISO 9328-2 or
an equivdlent national standard giving. elevated-
temperatupe proof stress values whichhdo not ex-
ceed the yalues specified in ISO 2604 or I1ISO 9328-2
for a comparable steel, then the proof stress values
specified ih ISO 2604, ISO 8328-2or in the equivalent
national sfandard as appropriate, may be used for
design pufposes without verification.

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

2.8.5 Where steel products are manufactured and

hydraulic test,
tensile test, and

flattening or bend test

Additionally, when_dubes 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 chepks shall be
made for compliance with the dimensional toler-
ances. :

211 Method of testing

2.11.1 The tests shall be made in acc
the relevant International Standards. If
ate International Standard exists, the m

prdance with
no appropri-
ethods fo be

used shall be agreed upon between the interested

parties and specified at the time of en
der.

2.11.2 For elevated-temperature tests

uiry and or-

, the testing

temperature shall be agreed upon beINeen the in-
n

terested parties at the time of enquiry

212 Retests

d order.

supplied In accordance wilth a national standard
which gives elevated-temperature proof stress val-
ues greater than the values specified in ISO 2604 or
ISO 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 tests shall be carried out in accordance
with the general rules diven in [ISO 2604-1,
1ISO 2604-2, 1ISO 2604-3 or 1SO 9328-1 as appropriate.

Retestsshali-be—catriedottin—accordsd
corresponding specifications in the
parts of ISO 2604 or in I1SO 9328-1.

213 Documents

iInce with the
appropriate

2.13.1 For all steel products, the type of inspection
certificate or inspection report (see 18O 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
strength of less than 460 N/mm2, it may be satisfac-
tory to select inspection certificate 3.1.B in accord-
ance with 1SO 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/mm?2, in-

spection and testing shall be carried out in the
presence of the inspecting authority.

214 WMarking

The products shall be marked in accordance with

spection report 3.2 in accordance  with the requiremenis of iSO 2604-1, IS0 2604-2,
ISO 10474:1991 shall be selected except that the in- SO 2604-3 or I1SO 9328-1 as appropriate.
Table 1 — Internationally standardized steel types for sheil boilers
Steel types
Plates Tubes Tubes Forgings
Tensile strength R, 1) seamless electric resistapce or
induction welded
in accordance with
1SO 9328-2 2 I1SO 2604-2 2) ISO 2604-3 2) 1SO 2604-1 2
320 tp 440 — " TS 23 — —
360 tp 480 — T8 5 TW5 —
410 tp 530 PH 265 TS 9H TW 9H F8, F9
460 tpb 580 PH 290 — — -
1) The tepsile strength values given in this table are for classification purposes only. The governing speciflcations are
those given in the appropriate product standard.
2) Orin gccordance with 2.2.1.1b) or ¢).
3) TS 2 njaterial may be used only for smoke tubes,

10
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Section 3: Design of the parts under pressure

31 General 3.3 Calculation pressure

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

The requirements in this International Standard ap-
ply to boilers constructed throughout under the
conditions specnfed herein and WhICh are to be op-
erated undern : A

feed-watel| and boner water in accordance with an-
nex D, anfl under adequate supervision. Where risk The calculation temperature shall~b¢ the mean
of abnormal working conditions, such as severe metal temperature and shall.'be deIermined as
cyclic serice, is foreseen, the design shall be given specified in a) to e) below. In-no tase shall it be less
special copsideration and shall be made known to than 150 °C.
the inspecling authority.
a) For shells, drums.and other components not de-
3.1.2 Generators . signed for heat transfer purposes, the calculation
temperature shall be not less than the saturation
For hot-w3ter generators and superhot-water gen- - temperature corresponding to the design press-
erators, the difference between the starting tem- ure.
perature (putlet) and the return temperature (inlet) .
should not exceed 30 °C. If the difference between b) For smoke tubes, the calculation temperature
the flow and return temperature is greater than sha'H be detcrmined in accordance |with the fol-
30 °C, either internal or external mixing devices lowing equations:
shall be ysed to limit the differential temperature t=(t +2e) ...(31)
within the [poiler to 30 °C.
The differ¢nce between the saturation temperature or
correspongling to the total gauge pressure and the t = (&, + 25) ...(3.9
inlet tempprature shall not exceed 80 °C. For differ-
ences ovdr 60 °C, the breathing spaces @iven in whichever is the greater, with a [minimum of
3.141 sha:r be increased by 50 %, and the-maximum 250 °C. ‘
net heat input shall be reduced by atdeast 20 % to
allow for [the reduction of the cold-water cooling. c) The calculation temperature for plain areas of
conditions|and the increase in heat input due to the plate not swept by flame, or for tubp nest areas
large temperature differences{ \unless other ar- where the gas entry temperature ig not greater
rangements are used to the same end. than 800 °C, shall be determined in accordance
with the equation
3.1.3 Dejsign of principal welded seams t=( + 50) ... (3.3)
31.31 The types of weid employed in the design or eguation (3.1):
of the bofler shall be in accordance with 5.3.2.5. t=(t,+ 2¢)
Welds wh{c):h are subjected to non-destructive test-
ing in accprdance with the requirements of this In- whichever is the greater, with a Iminimum of
ternational Standard shall be designed so that the 250 °C. Combustion is to be completed in the
required tests can be properly carried out. furnace.
3.1.3.2 The value of the weld factor v used in the d) For tube plates subject to gas entry temperatures
calculation for the shell thickness shall be either 0,8 exceeding 800 °C in fired boilers using fossil
or 1 depending on the extent of testing to be carried fuels, including natural gas, the calculation tem-
out (see 3.7.1, 5.5.5.1 and 5.8.17.1). perature shall be determined in accordance with
annex C, using the true gas entry temperature
{; determined from the following equation with a
3.2 Design pressure minimum of 250 °C:
0,25
The design pressure is the maximum allowable set lo= 51( H ) ...(3.4)
pressure of the safety valves. 4

1"
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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 requireménts are based on good contact
between smoke tubes and tube sheet, Where this
cannot be ensured, the following limitations ap-

3.6 Nominal design stress

The nominal design stress f'shall be the lower of the
values obtained from the following ratios:

R R
p0,2 m
15 and 57

NOTE 3 The term “nominal designh stress”, designated
by the symbol f, 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

ply [seg Tigure 321 I:

1) the |[depth of the connecting weld between
smgke tubes and tube sheet shall be greater
tharl or equal to the wall thickness of the
smagke 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 shali
be detgrmined in accordance with the following
equatiop :

t=[t, + 4e + 15 ...(35)

with a minimum of 250 °C.

Equatiop (3.5) gives the calculated temperature
for the [purpose of determining the nominal de-
“sign strpss and does not represent the maximum
metal t¢mperature,

considered.

3.7 Cylindrical shells under internal
pressure

3.7.1 Minimum thickness for pressure loading

only

Subject to thé, conditions specified ih 3.7.2, the
minimum thickness e for pressure lcading only shall
be calculated from the following equatigns:

eE=e + ¢ ... (3.6)
where »
¢ =0,75 mm (corrosion aliowance);
pd.
Cos = 2ﬁ;p ... (37

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

3.5 Fury

In order 1o

aces

ensure safe burner/boilér,combinations,

the net hept input for a given furnace tube. inside

diameter
figure 6. On
be used for

Deviation f
heat input
ted by agn
mainly the
facturer an

shall .not - exceed dhe” value given in
/off type burners{100 % to 0 %) shall not
heat inputs ex¢egding 1 MW per furnace.

fom the values given in figure 6, and net
alues greater than 11,5 MW, are permit-
eement\between the interested parties:
boiler -manufacturer, the burner manu-
H'the inspecting authority.

For boilers having an outside shell diamleter greater

than 1000 mm the sheli wall shall not
6 mm thick. .

For boilers having an outside shell dia
to or less than 1000 mm the shell wall
less than 4 mm or (e, + ¢) mm:thick, v
the greater,

The value of the weld factor v shall de
extent of non-destructive testing of the

pe less than

meter equal
shall not be
hichever is

bend on the
longitudinal

welded seam in accordance with 3.1.3.2

and 5.5.5.1.

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 support.

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

12

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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¢) A cylindrical shell shall conform 1o the tolerances
specified in 4.3.2.

3.8 Unstayed dished heads without
openings

3.8.1 Unstayed dished heads under internal
pressure

The mini d-dished-heads

ISO 5730:1992(E)

or
0,01d, < e, < 0,03d,
fic > 0,1d,
h, = 0,18,
or
0,02d, < e,, < 0,03d,

Tik = 071(10

without dpenings shall be in accordance with

equation (B.6)

e=¢ed+c
where ¢ 5 0,75 mm (corrosion allowance), and thé
following ¢quation:
pd,C
Cog = 2;. ... (3.8)

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

e=ed+¢

where ¢ I 0,75 mm {corrosion allowance), and the
following equation:

DY
Cog = "Z—f:—;—g‘,‘gp— ce (39)

The shapé| factor C for unstayed dished heads with-

out openitlgs shall be as given in figure 7. However,
the limiting conditions given in 3.8.2 shall ‘apply.

3.8.2 Limiting conditions
a} Hemispherical heads

0,005d, < e, < 9,64,
b) EllipSOJdal heads

0,005d;< ‘e, < 0,08,

0,184, < h, < 0,22d,

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

3.8.3 Unstayed dished heads undeyr external
pressure

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

ecst0,2
= T ...(3.10)
2
€,
p= 0.8E x( s ) BCED)
Yos 0s
9+ 0,006(7)
(+3:3

in addition, the thickness of torisgherical and
ellipsoidal heads under external presgure shall be
not less than 1,2 times the thickness required for a
head of the same shape subject to intennal pressure
{see 3.8.1), with or without openings reginforced ac-
cording to 3.9. .

3.9 Design of openings in cylih rical
shells, spherical shells and dished heads -

3.9.1 General

3.9.1.1 The design methods specified in 3.9.2 to
3.9.4 shall apply to cylindrical shells, spherical

he > 0,184,

c) Torispherical heads
0,005d, < e, < 0,084,
i > 0,1d,
i 2> 264
fis < d,

h, = 0,18d,

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 caliculating reinforcements.

3.9.1.2 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 that of the shell without openings
[see figures 8a) and 8b)];

b) by set-on welded compensating plates [see fig-
ures 8¢) and 8d)1;

c) by set-in welded pads [see figures 8¢) and 81)];

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

e) by co
ures [see figures 8i) and 8j)]

3.9.1.3 The reinforcement areas of the main body
with opefings cannot be calculated directly but shall
be assurped in the first instance. That assumption
may be erified by means of the methods laid down.
The applled 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 reiationships between a
pressuretioaded area A4, and a stress-loaded cross-
sectionall area A4;. Under certain circumstances the
calculation may need to be repeated using a cor-
rected agsumption of the reinforcement area.

3.9.1.4 Where necessary, sufficient reinforcement
shall be [provided in ali planes through the axis of
the open|ng or branch.

3.9.1.5 FKor cylindrical shells and spherical shells,
the ratid between the internal diameters of the
opening pr branch and of the main( body shall fulfill
the condition

dp/dfs < 0.5

For dished heads, the openings or branches shall
be locatdd within the $pheérical portion of the head.

3.9.1.6 |p thetease of elliptical openings, the ratio
between [the ‘major and the minor axis shall not ex-
ceed 1,5|For elliptical openings in cylindrical shells,

3.9.1.8 Set-in or set-on welded branches which are
fillet welded ‘without full penetration [see figures
8 n} 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 d/d, < 0,3

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

3.9.2 Cylindricalshells, sphericalshells and
dished heads with isolated openings

3.9.2.1 Reinforcement by increased wall thickness

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

lrs = A/ (dos - ers)ers

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

... (312)

Furthermore the following condition also applies:

Ap 1
12=p<—;4f—+—2—)<f ...(3.13)

3.9.2.2 Reinforcement of isolated openings by
compensating plates

Compensating plates shall-have clos¢ contact with
the main body.

The width of compensating plates /,, tonsidered as
contributing to the reinforcement, anfl used to de-

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.

3.91.7 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.

14

termine Ay, in formulae (3.16) and (3.17), shall not
exceed /[

lrp < b = /(dos — €r)eys

according to figures 8c) and 8d).

... (3.14)

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

ep < 26, ... (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 stress f, for

the material of the compensating plate:

A
p
Ja= (Afs+07Afp ><f .. (3.16)
Otherwise the following condition applies:
P
(fs —7)45 ( - )0 Tdy > pd, ... (3.17)

ISO 5730:1992(E)

dip

Cp S 2ers for T
is

<02 .. (3.20)

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

b >07 .. (3.21)

i
ey < €. for
dis

Between the limits dj/d,; =0,2 and 0,7, the maxi-
mum value of ¢, in terms of e, shall be determmed

3.9.2.3 Rejnforcement of isolated openings by pads

by Tinear interpolation [see figure 8K)].

The above-mentioned conditions geverning the wall
thickness ratio shall not apply:t0 access and . in-

Only pads fof the set-in welded type in accordance spection openings.
with figureg 8 e) and 8f) shall be used, and when the
following wlidth/thickness relationships occur simul-
taneously, the boiler shall be stress relieved:
I > 95¢ 3.9.24.1 Isolated openings with vertically arranged
i s branch connections
ep > e
The width ¢f the pads /, considered as contributing . -
to the reinforcement, and used to determine Ay, in gf‘?'g;‘l'gch-rg'enL‘;‘I?g:‘?";ﬁggm%?:faT.:'Iy folrafever-
formulae (3.18) and (3.19), shall not exceed /: a " connec oreing p
Y y: |
lrp < b= (dos — €r5) &5 f= -————B——— <f 3.22
* = +Afb (3.22)
The value of e, used to determine Ay in
formulae (3.18) and (3.19) shall not exceed twice ¢, and with reinforcing plate
The following conditions shall apply when the al- A,
lowable stiiess f; for the material of the main body fa= A+ Ay + 0,74 </l ---32)
) 1s + Ap + fp
is equal tolor lower than the allowable strea-‘.sfp for
the materig! of the pad:
P The areas A, Ay, Ay, and 4y, shall be dgtermined in
4, 348 accordance with figures 8g) to 8j), [where the
fa=p A,$+A, <f .- (3.18) lengths contributing to the reinforcement shall be
P not more than
Otherwise {he following condition applies: L= J(dos — e5)ers
< . )A,s <fp )A,p > pA, ..(3.19) for the shell, and
fp=0,8/(dop, — e, .- (3.24)
3.9.2.4 Re|nforcement of isolated openings by for the branch.
branches

The wall thickness of branches (nozzles) shall be in
excess of the thickness calculated to withstand
internal pressure for a length [, 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 8i) and 8j)].

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

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 8j)] shall be

fpi = 0,54, ..(3.25)
The dimensions of the reinforcing plate to be used
in the calculation shall be

p < Crs

and
I < Irs

P

15
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3.9.2.4.1.2 Formulae (3.22) and (3.23) apply only
when the allowable stress f; for the material of the
main body is equal to or lower than the allowable
stress f; for the branch and f, for the remforcmg
plate. ‘

3.9.2.41.3 When the allowable stress f, oui( fo is
lower than the allowable stress f; of the main| body,
the following conditions shall apply:

|

without 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 8 b), spherical shells with a branch not radially
arranged shall be calculated in accordance with
3.9.2.41.

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

l

)Aﬂ, >pAd,  ...(3.26)

(A5 )t (-

and with feinforcing plate

(A2 )t (=)t
1
+ (fp -2 )0,7,4fp > pd, N

The allowable stresses f, and f, to be used'in for-
mulae {3226) and (3.27) shall not exceed the value

of f,.

3.9.2.4.1.4 Formed branches in cylindrical shells,
spherical shells and dished heads as shown‘ in fig-
ures 81) pnd 8 m) may be calculated in accordance
with formula (3.22). The areas 4, and Af to be used
therein shall be determined as shown in figures 81)
and 8 m) jwhere A; shall be multiplied by 0,9 to-com-
pensate for manufacturing inaccuracies. The |engths
lrs and [ contributing to the reinforcementshall be
in accordance with formulae (3.12) and\(3. 24)\

3.9.2.4.2 | Isolated openings with)non-radial b(ranch
connectigns |

3.9.2.4.2.1 Cylindricalshells with a non-radial
branch :

The following itéms apply to branches on cyl‘ndrical
shelis lying-in a plane perpendicular to the longi-
tudinal } A

3.9.3.1 Cylindrical shells with muitiple openings
and branches

3.9.3.1.1 Adjacent openings’ or branthes may be
regarded as single openings or single branches, if
the centre-to-centre ( distance p,, 3s shown in
figure 9 c) complies'with the relation

+2J(d,, — e )ts ... (3.28)

dob1 dob2
Pop > - F g

3.9.3.1.2. Where p,,
strength conSIderatton

is smaller, the following

1
.- Aps 7 (1+ cos 20) + Appt +HAppa N
=P A+ Ay + A
+—12’— <f ... (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 ¢ with the longi-
tudinal axis of the cylindrical shell ip accordance
with figure 9c).

3.9.31.3 Where the cylindrical shelll branch and
reinforcement -consist of materials hgving different
allowable stresses and where the allpwable stress
of the branch is tess than that of the cylindrical shell,
the following applies in accordance with figure 9¢}):

P p p
(f.s_"z“)Afs'*‘(m"'{)Am‘*‘(} 2"'2">Arb2

T

formed with the normal, which shall not exceed 50°

The higher stress may occur in the lateral ;sec‘uon
or in the longitudinal section [see figure9a)]. For-
mula (3.18) or (3.26) shall apply to both cases with
the areas A4, and 4;; [as shown in the |ate‘ral and
longitudinal sectlons of figure 9a)] to be used in the
calculation.

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

16

> %[ADS(1 + COS2§D) + 2Apb1 + 2Apb2] e (330)

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
3.9.241.2

3.9.3.1.4 For adjacent openings ot branches with
identical diameter, made of materials with identical
allowable stress and with smaller centre-to-centre
distances py,, than that obtained from formula (3.28),
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the following will result according to figure9c) at
Appy = App and A = Agy:

Aps = (14 005%9) + 24y
Ags + 24y,

Jap =P

4
+2 <f

... (3.31)
Where materials with different allowable siress are
. used, the procedure to be followed shall be gov-
“erned by the appropriate requirements given in

ISO 5730:1992(E)

(fs - ”g‘ )Afs + (fl;1 - % )ATM +

+ (sz -£ )Am > pd, .. (3.34)

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

3.9.41 These requirements apply to openings for
branches or nozzles in headers or tubes with the

3.9.3.1.3 fothe 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 3.8.3.1.1 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 ppenings or branches may be treated as
an isolatdd opening or an isolated branch, if the

length of the arc p, as per figure 9d) complies with
the relation

Dy = {arcsin[ _____(‘::':11226:; /Z—; ' ] -+

- arcsinl: ‘*"‘”—“(‘:::2122 e:; /e_z_,;,_ 2 :l } X
(ros - e;’ ) £2J(2re — ) e ... (3.32)

where the|argument of arcsin is in radians.

h'd

following reiationship:
05<dyld, <1

The relationships between. the ratiop ey /e, and
di,/d;s shall be in accordance-with the requirements
of 3.9.2.4, and formulae {320} and (3.21) as appro-
priate.

3.8.4.2 The rulesfor calculation given|in 3.9.2.4.1.1
shall be applied-where appropriate, provided that
the following additional condition is sdtisfied in the
cross-section” perpendicular to the axig of the main
body (header or tube) in the transitionl zone of the
main body and branch:

p dis + €rs dlb + €rb
1,5 ( 2, +0.2 €y X
d.+e
—i:——,—r-s—)<f ...(3.35)
rs

Where the main body and the branch are made from
materials having different allowable $tresses, the
lowest value of fshall be used.

3.10 Design of isolated openings in shell
boiler flat end plates

3.10.1 Unreinforced openings

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

Where p, |does not comply with formula (3.32), the / 2 ‘ \ o
'y 23 r Dr
strength catcutationsiratt-becarried outras follows Ao = Begp| 1.5 ....EP_ —1 ... (3.36)
Ji R I Py ©
2=P Aps + Ay + Ay 2 B

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:

3.10.2 Branch openings

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 figure 10. The branch thick-
ness shall be increased where required. Compen-
sation shall be considered adequate when the

17
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|
|
\
|
|
|

compensating area Y is equal to or greater than the
area X requiring compensation. ‘

Area X shall be obtained by multiplying 25 % of the
inside radius of the branch by the thickness of the
fiat end plate, calculated from formula (3.43) for the
part of the end plate under consideration.

axis of the branch parallel to the surface of the flat

Area Y shall be measured in a plane throu%h the
end plate, and shall be calculated as follows. |

a) For that part of the branch which projects ohtside

Area X shall be obtained by multiplying halif 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
plate under consideration.

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

311 Fillet welds attaching compensating
plates to shells under internal pressure

the boifer, calculate the full sectional area of the
branch| up to a distance C, from the actual outer
surfacg of the flat end plate and deduct from it
the segtional area which the branch woulq have
within fthe same distance if its thickness| were
calculdted in accordance with formulae (3.6) and
(3.7), tgking v = 1. |

b) Add tolit the full sectional area of that part of the
branch| which projects inside the boiler (if any)
up to g distance C, from the inside surface of the
flat end plate.

c) Add to|it the sectional area of the fillet welds.

d) Add td it the area obtained by multiplying the
differefice between the actual flat end| plate
thickngss and its thickness calculated from for-
mula (3.43) for the part of the end plate junder
considgration by the length D.

e) Add to| it the area of the compensating _plate (if
any) wjthin the limits of reinforcement shown in
figure 10.

Where malerial having a lower allowable stress than
that of the flat end plate is taken as) compensation,
its effective area shall be reduced in the ratio of the
allowable |stresses at the calculation temperature.
No credit ghall be taken forthe additional strength
of materidl having a higher allowable stress than
that of the|flat end plate.

Welds attdching branthes and compensating|plates
shall be of sufficient size to transmit the full strength
of the reipforcing area and all other Ioadi}wgs to
which they may be subjected. |

The sizes [; of the inner fillet weldscby which com-
pensating plates are attached to-Shell plates (see
figure 12) shall comply with the\ feliowing relation-
ship:

L; > 0,7¢, ...(3.30)
The sizes L, of the outer peripheral filiet welds by
which compensating-plates (see figure 12) 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:

dip(zers - Li)

Ly ...(3.38
S (3.38)
For elliptical compensating plates
a, + b
dop = 2 2 ...(3.39)
a + b
4p=—--' 5 ! ... (3.40)

3.12 Minimum thickness of nozzies and
branch connections

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

e=(0,015d,, + 3,2) > 4 ... (3.41)

3.13 Access and inspection openings

3.10.3 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 rin$ (see
figure 11). The method given in 3.10.2 for ca|qulating
the required area of reinforcement shall b? used
where applicable except that the width of the| flange
or stiffening ring e, shall be not less than 19 mm for
manholes, 15 mm for headholes and 10 mm for
handholes.

18

3.13.1 General requirements

3.13.11 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 fo
3.13.4. '

3.131.2 Boilers with a shell diameter d, of
1400 mm or greater shall be designed to permit
entry of a person and shall be provided with a
manhole for this purpose.
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Boilers with a shell diameter d, 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-
quirement.

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.

ISO 5730:1992(E)

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 openlngs in.flat
plates

Where access and inspection openings are located
in flat plates, the openings shall be suitably rein-

31314 PD tachable ends or covers may replace all
the other ekamination holes if, by their dimensions
and position, a general view of the interior is pro-

forced_Reinforcement shau_he_amamea:l by ﬂanglng
the edge of the opening, or by the @rovision of a

stiffening ring (see figure 11).

3.13.5

vided whic
by the exan
required.

313.2 Ty

is at least equivalent to that obtained
nination holes which otherwise would be

pes and minimum dimensions of

access ant inspection openings

Openings s
11 and 13a

all be elliptical or circular. See figures
to 13i).

a) Handho

es

Inspection requirements

3.13.5.1 The efficiency(ofivisual inspection depends
in parlicular on the distance between ey and object
and the angle undér which the surface 9f the object
is seen. Efficiept visual inspection is bejst achieved

by entering the\boiler. The guidelines

n this sub-

clause are{intended to ensure that a good visual
examination” of representative parts of the various
welded<seams is possible. It is recognizpd that it is

not practicable to provide access for (¢

lose visual

A handhole for cleaning shall be not less than
80 mm % 100 mm or shall have an inside diam-
eter of 400 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 ot ring
shall nof exceed 65 mm, or 100 mm f the neck
or ring ip conical.

b) Headholes

s shall be not less than

c) Manholds

In geneks d i i
320 mm x 420 mm or should have an inside d|-
ameter of 420 mm. The height of the neck or ring
shall not exceed 300 mm. If in special cases
manholes 300 mm x 400 mm are used, the re-
guirements in the table of flgure 13 h) 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-

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 represenfative paris
shall be provided. Means of achieving various de-
grees of visual inspection are illgstrated in
figure 13.

a) Inspection category 1

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

NOTE 4
representanve parts of the welds are

In the case of category 1 ingpection, the
those where
a r, and would
typically mclude 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.

19
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Paris located in the vicinity of the water inlet or
in the area where there are changes in the water
level during operation and staybolis are used for
anchoring.

c) Inspection category 3

All attachment welds not covered under $) and
b) which are exposed to low heat flux (flye gas
temperature less than or equal to 400 fC) or
which are not exposed to flame. {

The positions of inspection openings are based on

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.

of the vispal ray [see figure 13 g)] appropriate to the
inspectiop category. These positions are shown in
figures 13c) to 13f). ‘

two factoEs, the size of the opening and the flength

3.13.5.2 |n the case of circumferential corner Melds,
not more| than one single length equal to half the
shell outside diameter or a number of lengths
totalling ¢ne shell outside diameter shall be hidden
by tube npsts. Where necessary, the tube nest shall
have suitable inspection lanes and the shell shall
have heafiholes or handholes in sufficient number.

NOTE 5 [In determining the hidden area betweeh tubes
and shell,|it is assumed that the eye can be brought to
within 80 mim of the internal surface. \

3.13.5.3 |in all cases it shall be possible to i§nspect
the bottom of the shell and the longitudinal welds.

3.13.6 Requirements for entry to boilers with
a shell qutside diameter greater than 1400 mm
3.13.6.1 [The space available for entry alo‘ng the

length of the boiler shall include at feast one| cross-
section which is comparable with” one measuring
600 mm giameter. This requitement may be con-
sidered satisfied if the space-inciudes 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 the boiler (or in similar situations of
movement, e.g-.above tube assemblies), as well as
when climbinhg'in through a bottom manhgle, as
shown in[figlre 131i), or a top manhole, as sﬂown in

3.14 Stays, stiffeners and suppprted
surfaces

3.14.1 Breathing spaces

Stays shall give breathing spaces arpund the fur-
nace connections afid,tube nests (see figure 14) and
equally divide the.unstayed areas. Breathing spaces
between furnacés and tube nests shall be a mini-
mum of 50 mm or 5 % of the shell outgide diameter,
whichevenrjs/the larger, but need not be more than
100 mm: ‘

Breathing spaces between furnaces and shells shall
be as given in table?2 but shall be ot 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 pjate is 25 mm

figure 13 a), a clear height of 400 mm between 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 spa‘ce into
another, for instance a lateral space, it is sﬂﬁcient
to have a hole with a height of at least 300 mm at its
narrowest point [see figure 13i)]. Figure 13 i) merely
explains the idea of such a “hole”. The possible
types need not all be available at the same time.

20 {

or less
Length
between Breathing space
boiler end
Design plates
L, percentage (| maximum !
of outside
m diameter mm
in- L, <55 5 100
serted
flat 556 < L, <6 55 110
ends Mg 7, <65 6 120
Flanged L =
onds ——any length 100
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 shaill be not
less than 250 mm, and

— a shell outside diameter less than 1400 mm or a
furnace 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 % of the shell outside diameter which-

ISO 5730:1992(E)

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 case y shall be taken as not
less than 1,1.

For unstayed areas of rectanguiar shape, the di-
mensions a and b shall be as indicated in figure 14,

3.14.2.4 Values of constant C,

ever is tfefarger put Tneed not be more tran
100 mm.

3.14.2 Stayed flat surfaces

3.14.21 Radius of flange

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

3.14.2.2 Ppoint of support

Where thel flange curvature is a point of support, the
point of stipport shall be taken at half the distance
between the inside of the shell and the commence-
ment of clrvature, or at a line 3,5 times the thick-
ness of thie plate measured from the outside of the
plate, whiichever is nearer to the flange (sée
figure 15). [Where a flat plate is welded directly-fo a
shell or wrapper, the point of support shall betaken
at the insife 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 detepmined from the fol-
lowing formulae:

e=ey+c ...{(3.42)

€p = C,by\/?; ’ ... (3.43)

Where various forms of support apply Jo 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) shail be
as follows.

Freely supported plates with locking de-

vices, e.g. manhole covers 0,45
Inset flat/end plates, full penetration wielded
from onhe side 0,45

Platés-which are bolted along their circum-
ference:

when ratio D /D, = 1 ’ 0,45
when ratio D /D, = 1,3 0,6

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

Flanged end plate 0,32
Corner stays or bar stays ‘ 03
Gusset stays in which the angle 8 is gheater
than 30° {see figure 19) 0,45
Unstayed tube nest with plain tubes wglded
at both ends , : 0,3
Plain furnace less than 6 m long 0,3
Corrugated furnace with corrugation dgepths ‘
- 50 mm 0,32

Corrugated furnaces with corrugation

depths > 50 mm:

The corrogiof allowance is with a length < 4 m 0,35
¢=10,75 mm for ¢, <.30 mm with a length > 4 m ’ 0,37
¢=0 mm for e,y > 30 mm Bowling hoo'p furnaces 0,35

Isolated plain bar stays (see figure 20) or
isolated stay tubes (see figure 21) . 0,45

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

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
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Bar stays with washers [see f|gures 22 c) 3
and 22.d)] 10,33

Reversal chamber bar stays (see figure 23) | 0,38

Reversal chamber access openmgs welded
from both sides v 0,3

Reversal chamber access opening (where
not possible to effect back weld) (see fig- |
ures 39 and B.20) : 0,45

Flat unflanged end plates welded to the
shell from both sides with the following end

oholl nlata thinlenane o

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

plate thickpress—to—shel-platethickress—+a
tios:

<14 S 0,33
> 1,4 €16 0,36
> 1618 10,39
>18 €2 0,42

Flat surfage of reversal chamber reinforced
by stiffen¢rs continuously welded above or
flush stiffeners equipped with waterways
[see figures 24 a) to 24e)]. For-a stiffener
height of |between six and eight times its
thickness 04

Portion of unheated end plates containing |
a manhgle with reinforcing ring (see
figure 11),[when the distance from the edge
of the mahhole ring to the edge of the fur-
nace, smake tubes or shell is not more than
four timeq the end plate thickness [see fig-
ures 25 a)| and 25b)7]: the following single
value shall be used 027

If the distance exceeds four times the end/plate
thickness, the manhole is ignored, and the constant
C, shall bgl determined in the normal-manner, from
the mean ¢f the values for the respective methods
of attachment given above.

31425 S

ays for wet backreversal chambers

sible stress.in.the stays calculated on the

The mean pitch of mm_j’ €] the square
of one-quarter of the sum of the foursides of any
quadrilateral bounded by foGr -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 ghall be the
area, in millimetres.squared, encloged by lines
through the midpoints of the lines joining the stay
and the adjacent point of support, lgss the area
of any tubes or stays embraced as shown in fig-
ure 14,

c) For a'bar stay where there are no :‘ray 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 supporis. The area
supported by any one stay shall be pbtained by
considering the total area to be suppofted and di-
viding this area by boundary lines draywn between
the stays and the adjacent points of qupport (fur-
nace, boundary rows of tube nests of the shell).
be at| all points

The permi These boundary lines shall
net sectionjal area shall not exceed 70 N/mm?2. The equidistant from the adjacent points of sypport in the
diameter of any stai.'shall be not less than 20 mm. area under consideration (see figure 19)
The stays ghallh\comply with the following rule (see
figure 26): 3.14.2.8.2 Gusset stays
dyL, <2 ../ (3.44) Gusset stays shall be so proportioned that the angle
L22 V (see figures 27 and 28) is not less than 60°. The

3.14.2.6 Longitudinal bar stays

The diameter of each.bar stay shall be such that the
stress calculated on the least sectional area shall
not exceed 70 N/mm2. The diameter of any stay at

any part shall not be less than 25 mm.

Supports shall be provided for longitudinal bar stays

minimum cross-section of the gusset shall be deter-
mined in accordance with the following equation:

1,33W
egh= Fein V ..(3.45)
where

g < 1,7 x shell plate thickness

of 5000 mm in length and longer.

. and
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eq = 1 x shell plate thickness

g > 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
profiles.

3.14.2.8.3 |Link stays

Link stays phall be so arranged that the angle V (see
figure 29) is not less than 60° and the dimensions
shall be sych that the stress in the stay at its weak-
est part dges not exceed f]1,67.

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 shpar stress in link pins shall not exceed
55 N/mm2.

b) Anchor| plates or angles shall be so designed
that thie calculated stress does not exceed
/11,67, but in no case shall the thickness be less
than 0,475 of the thickness of the shell plate ~with
a minimum of 12,5 mm.

The paft of the anchor plate or anglevattached to
the end plate shall extend from the\inner limit of
the brepthing space to the outer limit of the fur-
nace orf tube breathing space:

c) Links, |anchor plates and “pins shall be con-
structed from material_ having a minimum speci-
fied tevEsile strengthof 430 N/mm?2 and shall be

so designed that-the compressive stress on the

projected area does not exceed 100 N/mm2..

3.14.2.8.5 |Weld attachments

ISO 5730:1992(E)

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 L, (see figure 12).

Table 3 — Weld attachments

Form of weld 1 Weld factor

Withotitback weld 0,45
With back weld 0,7

Single-J or singie-bevel
butt welds (with or without
superimposed fillets)

Double-J or double-bevel 0,8
butt welds (with or without
superimposed fillets)

3.14.2.9 \Additional requirements for urilanged flat
end plates

3.14.2.9.1 General

In addition to the applicable - requir:
pecially in respect of acceptable weld
section 5 and annex B), and to the
quirements for flat end plates given i
3.14.2.8, the requirements for we

bments, es-
details (see
general re-
h 3.14.2.2 to
Ided-on or

welded-in unflanged flat end plateg given in

3.14.2.9.2 to 3.14.2.9.4 shall be taken in
ation.

to consider-

3.14.2.9.2 Post-weld heat treatment of $teel PH 290

Where steel PH 290 is used for shell g
in boilers incorporating flat unflanged

r end plates
end plates,

the boiler shall be subjected to post-weld heat

treatment in accordance with 5.4 irresp
plate thickness.

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.

ective of the

the corner

314293 Shell plate thickness local to
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== €yt C
where

¢ = 0,75 mm (corrosion allowance);

T L
S 2fx+p

... (3.46)
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The stress reduction factor x in formula (3.46) de- increasg 100 mm to 110 mm
pends on the ratio of the end plate to shell|plate '
thickness as follows: g) When the actual thickness of the end plate ex-
ceeds 25 mm, the breathing spaces in accord-
eplecs > 14 x=08 ance with table2 shall be increased in
eoplecs < 1 x=1 accordance with table 5.
. . NOTE 6 In order to keep the thickness of the end plate
If the shell thickness e is calculated according to as small as possible it is recommended that an appropri-
formula (3.7) with a weld factor v = 0,8 the stress ate number of stays be provided.

reduction factor x need not be considered.

For values. of e../e.. between 1 and 1.4 the values of

x shall be determined by linear interpolation.
Table 4 — Design parameters fdr unflanged flat end
plates
3.14.2.9.4 Design parameters ‘ . Ratio
Length Design orl:tned'
Shell outside between res pan d
diameter boiler end press- hell
lates ur she
P thick-
Unflanged flat end plates shall comply with the par- ness
ameters giyen in table 4, and with the requirements dog L, €cplecs
given in a) fto g) as follows. ‘ mm ' m N/mm2
a) The wal| thickness of the shell shall be calculated <4 <2
. . ; o L, <55
in accofdance with formula (3.6), including the > 4 <16
stress reduction factor x [see formula (3. 48)]. d,, < 1500 '
< 2 <18
b)' The actpal wall thickness of the end plate‘ shall 556<1,<865
“ not exceed 30 mm. ‘ ' > 4 <14
\
¢) When the wall thickness of the shell ex#eeds <16 | <18
30 mm,|the through thicknessrproperties of the L,<55 >1k | <14
materia| of the shell shall be proved by tesits.” 1500 < d,, < 1800 !
| < 1)6 <16
d) Shell to end plate, furnace to end plate and re- 55< I, <865
versal [chamber end plate to._Wwrapper  plate ‘ =16 | 1,2
seams s$hall be completely back welded, q‘xcept
in the dase of small boilers_as permitted m ac- , s16 1 <17
cordande with 5.3.2.5.2, | L,<55 _
. | >16 | <13
e) Both erld plates shafl be adequately stayed by 1800 < d,, <2500 <1 T <15
using plain bar sfays, stay tubes or gusset stays. 55< L. <65 |_ s
(Stiffenipg ribscwhich are not connected to the ' R ) "
shell arg not permitted.)
} <16 | €186
f) er—tink L, <55
stays and furnaces required in accordance with : >16 | <12
3.14.1 shall be increased as follows: | on > 2500
) | <16 <14
; , \ 55< L, <65
increase 250 mm to 275 mm | >168 | <A

increase 200-mm 1o 220 mm

increase 150 mm to 165 mm

3) Test requirements, e.g. minimum elongation 16 %, minimum sirength and reduction of area values, will form the subject
of a future addendum to this International Standard. ‘
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Table 5 — Breathing spaces between furnaces and
shells when the thickness of the end plate exceeds

ISO 5730:1992(E)

3.15.2 Thickness of straight tubes subject to
internal pressure

25 mm The thickness of straight tubes subject to internal
Length Breathing space pressure shall be not less than that given by the
between following -formulae or 2,5 mm, whichever is the
boiler end percentage of greater. Minus tolerances shall be taken into ac-
plates outside maximum | minimum count.
L, diameter
e=ey+c
m mm mm
where
L, <55 6,5 130 65 L ) L .
| =y, iJ ntm \bUllUblUII allUWdHLG 7,
55 < L, <6 7 140 70 d
— 0
6 < L,<|65 8 150 75 = o -+ (3.50)
3.14.2.10 Prohibited stiffeners 3.15.3 Thickness of stralght pipes [subject to

Reinforcement of flat end plates by stiffeners (fillets,
bars or arngles) 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 figurds 24 a) to 24 e) shall be calculated in ac-

cordance with the following formula, but in no case
shall the thickness exceed 35 mm:
1L S
o=t .. (3147)
1,83dg f

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 €omponents used for heat
transfer dyties.

3.15.1 Thickness of straight tubes subject to
external pressure

internal pressure

The thickness of straight pipes subjedt to internal
pressure shall ,be not less than that given by the
formulae in3.15.2 or 4 mm, whichever ig the greater.
Minus toleérances shall be taken into account.

3.154 Wall thickness and ovality
tube bends and pipe bends (see fig

The wall thickness of elbows, tube ber

elbows,
ure 30)

ds and pipe

bends up to and including 150 mm outSJde diameter

shall be not less than that given by
formulae:

wall thickness at the intrados
€= ectci

wall thickness at the extrados
€o = ectCo

where e, is the thickness calculated fi

tube or pipe in accordance with 3.1§

3.15.3 as appropriate, and C, and C, a
be taken from figure 31.

he following

.. (3.51)

.. (3.52)

Dr a straight
1, 3.15.2 or
re factors to

The factors C; and C, are valid for

"bends and pipe bends where the r

Ibows, tube
tio R/d,

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

e=¢y+c .. (3.48)
where
¢=0,75 mm (corrosion allowance);
pd,
et = Tégf ... (3.49)

greater than or equal 1o 1 and less than or equal to
4.5. Bends with R/d, greater than 4,5 shall be treated
as straight tubes or pipes.

Minimum wall thicknesses, corrosion allowances
and minus tolerances shail 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

2) for gas entry temperatures less than or equal

doo—d . | to 800 °C, \
u=—"— 200 x 100 .. |(3.53)
d, | 0,125d + 7 mm
|
where |
‘ ) _ ‘ 3.15.7 Thickness of the tube plates within tube
d, max iS5 the maximum outside diameter of the nests
tube or pipe measured at the bend apex;
. _ . . ‘? The thickness of tube plates shall be calculated from
d, min 15 the minimum outside diameter of the
°™ tube or pipe measured at the same formulae (3.42) and (3.43), except when
W&N‘—‘—m—mmm—mo—m—m i
| e plate, in
d, s the outside diameter of the straight which case the minimum thickness/|of the tube
ube or pipe. ‘ 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
3.15.5 Stay tubes than 50 mm, or
Stay tubes |are tubes welded in accordance with fig- b) the tubes are attached to the tubg¢ plates by
ure 21 havihg a weld depth equal to the tube thick- welding only, in which case the tube |plates shali
ness plus 3 mm. These stay tubes are not required be not less than\6 mm thick for boilers with de-
within tube|nests except when the tube nests|com- sign pressutes less than 0,5 N/mm?2, End not less
prise tubgs which are expanded only |[see than 9 mm thick for boilers with desigh pressures
figure 32 a)]. greater than or equal to 0,5 N/mmz2.
When the tube nests are comprised of plain tubes
which are e‘xpanded and beaded, expanded aqd 3.16 Furnaces and wet back reversal
belled [see|figure 32 b)], or expanded and welded in
accordancd with figures 32¢), 32d) and 32e), chambers of cylindrical form subject to
welded stay tubes in accordance with figure 21 are external pressure
required infthe boundary rows to carry the flat plate
loadings.
3.16.1 Furnaces and wrapper plates
Where tubg nests comprise plain tubes welded”in
accordancel with figure 32f) or having a weld_depth .
equal to thg tube thickness plus 2 mm nostay tubes 3.16.1.1 Plain furnaces and wrapper p']‘es
are required. The design pressure of plain furnaces and wrapper
Each stay fube shall be designed 1o’ carry its due plates of wet back reversal chambers ghall be the
proportion pf the load on the plates which it sup- lower of the design pressures obtainefl using the
ports. The thickness of stay iubes welded into‘ tube following equations:
plates shaILl be such that-the axial stress on the Ry, 2
thinnest part of the tube does not exceed = ;' X — %
70 N/mma2. | T
1+0,1d,/L
X 0.4/ + ...(3.54)
3.15.6 Pifch.of tubes 1+ (0,03d,,/e) [u/(1 + 5dpn/L)]
. - : /e \2
The spacin tthe ey i de. 3.55
minimum width, in millimetres, of any ligament be- P="5,L k Ay ) dmecr - (3.59)

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 than

800 °C,

0,125d + 9 mm ‘
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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
10 mm. In no case shall the thickness exceed
22 mm. For wrapper plates the maximum thickness
shall not exceed 35 mm.
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0,124,

ecf=%[1 +\/1 +’(T¥?€im_7%—)5} .. (3.56)

where
S

B=p— (’; 10',1dm/L) .. (3.57)

e = A2 (LSp)2,6E)™" .. (3.58)

e=¢ex+¢ ..(3.59)
where ¢ =[0,75 mm (corrosion allowance).
Formulae {3.54) to (3.59) apply only to furnaces hav-

ing diametfers less than or equal to 1800 mm.

NOTE7 R
siderations
are based g

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

3.16.1.2 Qorrugated furnaces
The design pressure of corrugated furnaces shall be
determined using the following equation, but the
thickness phall be not less than 10 mm nor greater
than 22 mm:
Rloo  2X, "
== X
P P Pelm
14+ 0,1d,/L
X
Xowd,
1+ Soor ; 3
1 1 + 5d,/ L{eg/w)

... (3.60)

where d,, |s the mean diameter-

NOTES

8 For corr

ugated furnaces the mean diameter is equal

to the ingide diaméter plus the full depth of one

corrugation

9 Values ¢
are given ir

i.e. inside 'diameter plus e+ w.

f X, ‘and I, for Fox and Morrison corrugations

figures 33 a) to 33g).

ISO 5730:1992(E)

3.16.2 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.

3.16.3 Out-of-roundness

reversal chambers sh'all be calculated
_ 2(dmax — dinin)
= —max  min/

where
dmax

dmin

; rnaces and
s follows:

x 100 ...(361)

d

max

+ 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-roundnjess is given

in 492,

3.16.4 Stiffeners

3.16.4.1 General

Stiffeners
mensions

aximum di-
and 35 shall

welded to furnaces with the
in accordance with figures 3

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:

2

The second moment of area of the stiff

1,33 x10°

pdsL

neutral axis I, shall be related to the stiffener sec-

tion, _including a length of furnac
I g ; :

3.16.1.3 Safety factors

The value of the safety factor is
S;=25 for horizontal furnaces exposed to
flame
Sy=2 for furnaces and wrapper plates not
exposed to flame
Sy =3 for all conditions

O55
T Omte

equal to

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 figure 35.

Full penetration welds shall be used to attach
stiffeners to furnaces.
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3.16.4.3 St
heat flux

992(E)

iffeners located within the zone of peak

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‘H in

accordance with the following formula:
H, =130 —-27e,

where M,

..(3.63)

is the percentage of the maximum

normally permitted net heat input, in watts.

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.

The zone ¢
extend for
from the tip

f peak heat flux shall be considered to
h length equal to two furnace diameters
of the burner, or to the end of the grate

whichever Is applicable.

NOTE 10 T
to boilers wi

3.16.4.4 Bowling hoops

Bowling ho
of support.
centres shd
ing hoops

calculated i

in the calcy
hoops, L
length betw

shall be no|
length of pl
determinati

The secon[ moment of area of the bowling hoop

ghall be taken as 1,5 times the

he requirements of 3.16.4.3 need not| apply
h a net heat input of less than 2 MW. |

bps shall be considered effective points

The minimum pitch of bowling hoop
Il be not less than 600 mm. When bowl-
re used, the furnace thickness shall be
n accordance with 3.16.1.1. ‘

lation for furnaces supported by bowling
ctual
een bowling hoop centres.

less than that required by 3.16.4.1.The
in furnace which may be included jn the
on of I, shall be measured from the out-

3.17 Boiler supports

3.17.1 Leg supports

ports or saddle supports with a subtended angle of
not less than 60° -may be used, provided that the
shell thickness/has been calculated usipg a stress
reduction factor of x =0,8.

For shell diameters of.less than 1500 ram, leg sup-

3.17,2, Saddle supports

For shell diameters d, equal to or greater than
1500 mm, leg supports are not permitteql; 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|1,5/.

side tangept line and shall not be greater| than
0,55./d,e.s | The dimensions of bowling/hoops|shall If Lofrins > 8, then
be in accorfance with figures 36 a) to/36 ¢). ‘ f= Pfms Q +
¢ g
The noming! wall thickness of‘bowling hoops! shall e Aery(By + 10e;,).
be not less|than the calculated wall thickness of the 1,5C,0
plain furnages to which they)are attached. + 3 ..(3.84)
' ! ers
The second momeni-of area of bowling hoops be- o
tween the puter tangent lines are as given in the If Lgjrms < 8, then
tables to figures 36:a) to 36c). i
: \ Prm Q

| fo="en +
3.16.4.5 Stiffeners on corrugated furnaces | s Aeg(B, + 10e,)
When corrugated furnaces are equipped with? sev- +£€§.Qﬁ"3. .. (3.65)
eral stiffeners, e.g. one on each corrugation or on I,Sefs

each second corrugation, the cross-sectional area
and the second moment of area of the stiffeners
shall be inciuded when using formula (3.60). A
height of not more than six times the furnace thick-
ness shall be used for the calculation. ‘

28 3

The width of the saddle top blate B, shall be not less
than 10e,,.

The coefficient C; is obtained from figure 37.
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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-

(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-

facturer to_another part of this component to the roundness—either whenlaid flat on-their sides or
satisfactiop of the inspecting authority. when set up on end. When the shéll|sections are

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 Eadh ring shall be formed from not more than

checked when laid flat on. either| side, each
measurement for diameter shall be|repeated af-
ter turning the shell through 90° abput its longi-
tudinal axis. The two /measurements for each
diameter shall be avefraged, and the amount of
out-of-roundness calculated from the average
values so determined.

Any local departure from circulafity shall be '
gradual.

two plates|
ends of th

. bent to cylindrical form to the extreme
plate. The bending shall be done entirely

by machinge, and local heating or hammering shall
not be used.
The longitpdinal seam or seams may be placed in

any suitab
rings shot
cases. they
ments of 5

4.3.2 Thd
accordanc

a) Straigh

Unless

e position(s), but the seams in successive
Id preferably not fall in line. In special
may be in line provided that the require-
3.2.2 are fulfilled.

shell of completed boilers shali be'in
e with the following requirements.

ness

otherwise shown coh-"the drawing, the

maximfim deviation of theushell from a straight
line shall not exceed 0,3-% 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 apd not_towa weld, fitting or other raised
part.

b) Irreguldrities in prdﬁle

There_shall be no flats or peaking
tudinal' welded seam.

d)Cold rolling

Cold rolling of a welded shell to re

at the longi-

clify a small

departure from circularity is permittled, provided

that non-destructive testing confor
and 5.9.4 is carried out after the de
circularity has been remedied.

4.4 Tell-tale holes

Reinforcing plates and saddles of nozZ
to the outside of a boiler shall be proy

ming to 5.5
parture from

les attached
ided with at

least one tell-tale hole (maximum size G 1/4) that

may be tapped for a preliminary leak
tightness of welds that seal off the i
boiler. These tell-tale holes may be left
be plugged when the boiler is in service
are plugged, the plugging material used

age test for
hside of the
ppen or may -
. If the holes
shall not be

capable of sustaining pressure betwepn the rein-
forcing plate and the boiler wall.

Irregularities in profile (checked by a 20° gauge)
shall not exceed 5 % 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) Out-of-roundness

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

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 figure B.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 temperature and
heated to an adequate distance beyond the portion
under immediate treatment. Care shall be taken to
see that the flanges are cylindrical, have al good
surface condition, and are free from local lrregulan-
ties. |

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

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 21e).

4.6.6 Plain tubes may be welded [see figures

Lo Ya NG ool

Plates whi¢h have been dished or flanged at non-
uniform temperatures, or which have been locally
heated, shpll be normalized after forming unless

32cito-32-fafier-stressreliefof-thebojler.

4.7 Manhole frames and openings

otherwise agreed by the manufacturer and tf\le in-
specting agthority. !

1
Where flats| are pressed (for example, in disheﬁ end

plates for the attachment of mountings), they shall

be formed
flat and cy
corners or
unduly thin

On comple
ations, flat
and free frg

vith an ample radius at the junction of the
rved surfaces and be free from sharp
tool marks, and the plate shall not be
hed.

ion of all flanging and machining oper-
portions of flat end plates shall be flat
m set or distortion.

4.5.2 Whdre hemispherical shell end piates are

pressed frq
form by m
thinning, ar
cept that,

m one plate they shall be pressed to
achine in progressive stages, without
d shall be normalized on completion_ex-
when agreed between the partigs,~con-

4.7.1 Material

Manhole frames, opgnings, doors and ¢

over plates

shall be of steel complying with the requirements

specified in section 2.

4.7.2 lLocation

placed as far as practicabie from any

seam. Oval

Manholes and other openings in shelis shall be

openings should preferably be arrang
minor axis parallel with the longitudina
of the boilers. In no case shall the major
opening exceed twice the minor axis of

d with the
centre-line
axis of any
he opening.

Where a manhole is located in or in-bgtween tube
nests in multitubular boilers, or below the furnaces

cerned, nofmalizing may be omitted in the case of of twin-furnace boilers, the stay tubes in the bound-
hot-formed |ends, when the forming progess is com- ary rows, or gusset stays, as applicabje, shall be
pleted at femperatures exceeding approxim}ately arranged as close as practicabie to the manhole.
850 °C. |
4.5.3 Where dished ends ar¢ used they shall be 4.7.3 Frames
flanged for connection to the-shell. If the design pressure exceeds 1,8 N/mm?2, raised
circular manhole mouthpieces shall not|be fitted. In
4.6 Plain tubes and stay tubes all other cases, where the shell thickngdss exceeds
! 14 mm, oval frames or circular mouthpigces may be
4.61 Tubg¢s may be expanded or welded into the fitted. Oval frames of the flanged type shall be
tube plate |or secured by a combination of |both formed to fit closely to the shell and to provide a flat
methods. | jointing surface for the door. Where practicable,
such frames shall be aftached to the inside of the

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

4.6.3 Where tubes are welded to the tube plate by
welds which are not full penetration welds, the
unwelded portion of the tube within the tube hole
shall be in full contact with the tube plate, except as
permitted by 3.4d).

30

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 bolis to
preclude the possibility of flange distortion.

4.7.5 Dogors

Doors shail be constructed in accordance with the
following Fequirements.

a) Doorsishall be formed to fit closely to the internal
joint spirface and shall be fitted with studs, nuts
and crpss bars.

b) Doors| for openings larger than 250 mm by
175 min 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.

¢) Door gtuds shall be of welding quality steei hav-
ing a| minimum specified tensile strength of
360 N/mm?2, and those for manholes shall be not
less than 30 mm diameter. They shall be

1) scnewed through the plate and fillet welded
on fthe 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 beyas neat a fit as practi-
cable.|In no case, however, shall the clearance
all round exceed 1,5 mm.

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

1SO 5730:1992(E)

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
i i e intervention
of a pad or standpipe, provided that thgy are flanged
and secured by studs. If the studs |[are screwed
through the plate, nuts of full thickness shali be fitted
on the inside of the boiler. .

4.8.3 Flanges and pads

Flanges and pads in-eontact with the bpiler 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 fhe 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 thg nozzle does
not exceed 25 mm, the nozzle may be screwed
through the plate, and either fitted with a nut, or

f) Cross bars shall be of steel, forged or cut from
plate having a minimum specified tensile
strength of 360 N/mm?2, The seating surface shall
be faced.

4.8 Seating for mountings

4.81 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

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?2, 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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1
Such mountings may be screwed directly info the

plates, nuts being fitted on the water side, or may
be screwed into steel distance pieces (see
figure 38), 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‘ rged
steel or bar complying with the require\ ents
specified in section 2. They shall be screwed 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

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.

c) Notwithgtanding the requirements in 5.4, in spe-
cial cirgumstances, and if approved by the in-
specting authority, the seating may be welded to
the plafe without subsequent heat treatment,
where the seating does not exceed 125 mm pbore,
or wherg, in the case of a pad, the diameter of
the opening in the shell does not exceed 125 mm
plus twige 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 nethods of attachment are shown ip an-
nex B, Qut other methods of equivalent efficiency
may be [used subject to-agreement betweep the
inspecting authority and the manufacturer.

4.8.7 Bolts and nuts

All bolt and|stud holes shall be drilled, and bolts and
nuts- shall e machined where they arevin -contact
with flangeg.

4.9 Cylindrical furnaces

4.9.1 Sect|ons of cylindrical furnaces shall ea¢h be

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

4.9.6 Flanged circumferentialyseams ghall be ar-
ranged so that they do not fall in line wjth those of
the adjacent furnace.

4.9.7 Where stiffepers are required, thiey shall be
attached externally"by means of conlinuous full
penetration welding in accordance with figure 34 or
35.

4.9.8 The dimensions of bowling hoops|shall be as
showpvin figure 36 a), 36 b) or 36¢).

4:9.9 Forms of furnace connections to
are shown in figures B.17a) to B.17c).
furnace is inserted into a hole in the

shall be a good fit around the whole peri

410 Water-cooled reversal cham

The attachment of the reversal chamber
and end plates to the wrapper plate sha
cordance with figures B.16a) to B.16e),
the tube plate or end plate is flanged for
to the wrapper plate, the weld shall be

end plates
Where the
nd plate, it
phery.

bers

tube plates
Il be in ac-
and where
connection
located be-

tween the commencement of curvature df the flange

and the first row of stays.

Typical methods of attachment of acce

55 opehing

made from

pne plater.Conical furnace sections,may

be made frg

bm net.more than two plates. The longi-

tudinal weldis_shall be at least 120° apart and shall
be fusion biittiwelded in accordance with sectiépn 5.

frames are shown in figure 39. .

411 Stays

Alternatively, furnaces may be made from | hot-
finished seamless carbon steel tubes to ISO 2604-2,
TS 9H, the tensile strength and minus tolerances on
thickness being taken into account.

4.9.2 Out-of-roundness, as defined in 3.16.3, shall
not exceed 1 % for corrugated furnaces or 1,5 % for
plain furnaces with a maximum variation in diameter
of any cross-section of 6,5 mm or half the thickness,
whichever is the greater. There shall be no flais or
peaks, and any departure from circularity shall be
gradual. ‘
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4.11.1 Bar stays

41111 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 {o 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);

b) plain b
plates and fitted with washers on the outside, the
stay arld washers being welded to the plates in
accordance with any one of the methods shown
in figurps 22 a) to 22d).

ISO 5730:1992(E)

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-

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: Workma}nship and construction in welding

5.1 General

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

manufacturer and be accessible to the inspecting
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.

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 grade of
steel and |shall be based on established |inter-
national Siandards or national standards with a
record of r¢liability. It shall take into account all as-
pects of fabrication as covered by sections 4 iand 5
of this Interpational Standard. |

5.1.2 The|welding shall be executed in conformity
with the qualified welding procedure which is iin ac-
cordance wWith the welding procedure spemf'(:ahon
(see 5.8.3).

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 boiler or
pressure part, the inspécting authority fihds that the
work is not satisfacteryor is not in accordance with
the requirements of.this International Standard, the
causes should be‘investigated by the manufacturer
and rectified.

5.1.9 Jfitis proved that the welder is fesponsible
for bad ‘work, a decision should be taken, after con-

5.1.3 The

welder shall be qualified in conchrmity

with the we¢lder’'s competence tests specmed (see

5.8.4).

5.1.4 The
built in acc

manufacturer of a boiler or boilef part
rdance with the requirements of(this In-

ternational |Standard is responsible for the welding
done for this purpose by his workmen)“He| shall
designate g competent welding supervisor ancL con-
duct the tepts required to qualify the weldiné pro-
cedure he @ises and the competénce of the welders

who apply
be undertal
the welderg
fied.

5.1.5 The
the results

his procedure. No.production work shall
en until both the‘welding procedure and
or welding operators have been quali-

manufacturer shall maintain a record of
obtained in welding procedure quali-

fications ang competence tests. These records shall

sulting’the welder’s record, as to whethg
be requalified.

5.1.10 This decision should be recor
register.

5.2 Materials

5.21 The materials shall meet the pi
section 2.

5.2.2 The welding consumables and
5.8.3.3b) and 5.8.4.5.4] shall satisfy the re
specified herein.

5.3 Design

5.3.1 Introduction

r he shouid

ded in the

ovisions of

flux [see
quirements

be certified by him and give an accurate descnptlon
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).

5.1.6 A record shall be kept to show th%t 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

34

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

5.3.21  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

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
edge of existing main welds or nozzle welds is less
than the dmaller of twice the thickness of the press-
40 mm shall be avoided.

If such wellds 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 corjcentrations in these areas.

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

5.3.2.4 Properties

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

5.3.2.5 Permissible weld types

Typical ekamples of acceptablel weld details of
welded cgnnections are indicatéd) in annex B.

5.3.2.5.1 [Full penetration.welds

A full penetration weld is one in which the com-
ponents gf 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.

ISO 5730:1992(E)

1) to shells as shown in figures B.15a) to
B.15d),

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

3) to reversal chamber wrapper plates as shown
in figures B.16b) 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 c);

e) compensating
figure 12 b);

plates) in accoydance with

f) manhole framés 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 B.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 revernsal chamber
wrapper plates, the fillet welds shall b¢ inserted for
the full circumference of the seam, except as per-
mitted for small boilers in accordance with table 6.

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.19a) and B.19b);

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

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.

35


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

ISO 5730:1992(E)
Table 6 — Conditions for omitting sections éf fillet welds (back welds) from corner joints of fiat end plates
Boiler Minimum
: . breathing Ratio of end
length Outside General
Unwelded between diameter Space En_d plate Test plate to requirements for
length end of shell between thickness pressure furnace wall welded sections
lates : furnace and thickness
pla shell
Lb ; do €rep P erep/ €
mm mm mm mm
6;5-%—ef .sl Fhe-weld-ghows
< 250 < 3000 < 1400 or 65 mm < 20 according to proper penetrationt),
= - = whichever is = 6.3.1.1 .
the greater Thorough Inspection
<14 of the weld is poss-
> 250 < 2500 < 1000 > 65 mm <15 > 2,55p ible.
The weld ip not
2 < 2000 < 1200 2 80 mm < 20 =21p heated dirgctly.
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 tp the shell
diameter fgr the flat end to shell connection.

5.3.2.5.3 Welds other than full penetration welhs

The following are examples of welds which are not
full penetration welds: |

a) stay tube to tube plate welds as shown in
figures 21 a) to 21 e);

b) plain tube to tube plate welds 'as shown in
figures 32 ¢) to 321), 1

i

¢) bar stay welds as shown in figures)20, 22‘a) to
22d) and 23 a);

d) fillet ‘weglds attaching compénsating plateés as
shown i figures 12 a) and~12 b). .

5.3.2.6 W'ehding grooves

The dimensjons and shape of the edges to be j(‘pined

5.3.2.8 “Welded joints subjected to bending stresses

5.3.28.1 Where it is known that local s{
to geometrical
high, the weld contours shall be smo
necessary, this may be accomplished

and/or the addition of weld metal.

5.3.2,8.2 Corner joints with fillet welds §

resses due

discontinuities are umpacceptably

pth. Where
by grinding

shall not be

used.

5.4 Heat treatment and post-weld heat
treatment :

5.4.1 Post-weld heat treatment in accofdance with
5.8.16.1 shall be carried out after compl|etion of all
welding, and prior to the pressure test |n the case
of bollers where the wall thickness at any welded
connection exceeds 30 mm, except as required by
3.14.29.2.

shall be such as to permit sound welds. [See 532
and 5.8.3.3 c).]

5.3.2.7 Tapered plate edges g

If plate edges of unequal thickness are abutted, and
- if 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; |f SO
desired, the width of the weld.
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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;

¢) the thickness of the pressure part, at the point

of atta
welded

chment, where a non-pressure part is
to a pressure part;

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

ISO 5730:1992(E)

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

When the weld factor v=1 is employed, 100 % of
the length of the longitudinal and 25 % 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 % of the length of the circumferential
seams shall be non-destructively tested. All seam
intersections shall be non-destructively tested.

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

f) the thigkness of fiat plates where these are inset
into the shell.

5.5 Non-destructive testing

5.5.1 GTeral
For the pUrposes of this International Standard the

term “non
tional tech

-destructive testing” covers the conven-
niques of radiographic, ultrasonic, mag-

netic part
specified i

cle and/or liquid penetrant testing as
5.5.5, 5.9, annexes G and H, 18O 3452,

ISO 3453 gnd 1SO 3059. Percentages given in table 7
relate to epch seam.

The non-destructive testing techniqugs employed
shall be radiographic and/or ultrasonie

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

When the end plates are fully stayed tp each other
as described in 5.5.5.1,"end plate to shell seams of

‘the type shown in figures B.15a) and [B.15b) shall

be non-destructively tested for 10 % 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 % of their lepgth.

When the end plates are not fully stdyed to each
other, 100 % of the end plate to shell and end plate
to furnace seams shall be non-destruct vely tested.

100 % of the length of end plate to shell seams of

5.5.2 Procedure and interpretation

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

5.5.3 Noh-destructive testing of repairs

the type shown in figures B.15¢) and
be non-destructively tested.

B.15d) shall

The non-destructive - testing technique employed

shall be ultrasonic, where practicable,

the following procedure shall be adoptgd:

a) visual examination of weld preparat

b) visual examination after tack weldin

or otherwise

on,

g, and

On compl
shall be e

btion of repairs,Cihe re-welded portions
amined by all techniques specified for the

original weld.

5.5.4 Mdnufacturing in series
Until the fesults of future work are available, the
amount ol non-destructive testing in the case of

¢) visual examination after initial root fun,

unless alternative techniques are acceptable to the
inspecting authority.

5.5.5.3 - Internal fillet welds

manufacturing in series shall be subject to agree-
ment between manufacturer and inspecting and/or

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

regulating authority.
5.5.5 Extent of non-destructive testing

5.5.51 Shell seams

When the weld factor v=0,8 is employed, 10 % of
the length of the longitudinal and circumferential

(see 5.8.13).

5.5.5.4 Butt-welded seams in end plates

100 % 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 radi

ographic or ultrasonic testing for butt welds

Percentage
f total
Com- , . Testing 0
ponent Type of weld Weld Iocetvon Figure No. technique Notes v::rdgttlg ?o'e
‘ tested
Shell Longitudinal In shell sections B.18 Radiographic | 1, 2 100
or ultrasonic | and 4
Circumferential | Between shell sections B.18 Radiographic | 1, 2 25
or ultrasonic | and 4
Circumferential | Between shell sectifons and B.18 Radiographic | 1,2, 4 25
flanged end plates | or ultrasonic | and-5
Circumferential | Between shell sectibns and set-on | B.15c) and | Radiographic [+ 100
end plates B.15d) or ultrasonig
T-butt At junction of shell with set-in end | B.15a) and | Ultrasonic 2and 3 10
plates : B.15b)
Flat end Butt Between the two sections in large | B.19 Radiographic | 2 100
plates diameter end plates or/ultrasonic
Furnaces | Longitudinal In furnace sections B8.18 Radiographic | 1 and 2 10
; or ultrasonic
Circumferential | Between furnace sections B.18 Radiographic | 1 and 2 10
‘ or ultrasonic
Circumferential | Between furnace séctions and B.18 Radiographic | 1 and 2 10
bowling hoops or ultrasonic
Circumferential | Between furnace sections.and B.17¢) Radiographic | 1 and 2 10
flanged end plates or ultrasonic
T-butt Between furnace( sections and B.17 a) and | Ultrasonic ‘2and 3 25
set-in end plates B.17b)
T-butt Furnace to reversal chamber end | B17 a) and | Ultrasonic 2and 3 25
plate : B.17b)
T-butt Between furnace seCtions and cyl- | B.4, B.5, Ultrasohic 2 25
ihdrical components B.6 and B.7
Reversal | Longitudinal In wrapper plate ‘ B.18 Radiographic | 2 10
cham- or ultrasonic
bers .
Circumferential | Between wrapper plate and B.16 a) Radiographic | 1 and 2 10
flanged end plate or ultrasonic
T<butt Between wrapper plate and set-in | B.16b) to | Ultrasonic 2 and 3 10
‘ Br16®)
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Percentage
Com- . Testing of total
ponent Type of weld Weld location Figure No. technique Notes length of
weld to be
tested
Reversal | Longitudinal In access tube B.18 Radiographic | 2 10
chamber or ultrasonic
access :
tube T-butt Access tube to boiler and reversal | 39 and Ultrasonic 2and 3 10
chamber end plates B.20
NOTES

length shall be examined.

4 See 5p.5.1.

to that shown in figure B.19 a).

1 The tgsts shall include each intersection of longitudinal and circumferential seams. For each Ion*itudinal and
circumferpntial seam there shall be at least one radiograph, or where ultrasonic testing is specified__atle

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:

5 When fhe flange is thicker than the end plate, the flange shall be machined{o ataper and welded in a mianner similar |

st a 200 mm

5.5.5.5 Furnace and reversal chamber seams

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

5.5.5.6 Branch welds and fillet welds

For brangh welds and fillet welds\welded to the
same progedure, 10 % of the totalNength of welding
shall be npn-destructively tested_when the thickness
of the parfs being joined exceeds 30 mm. For branch
welds and fillet welds whete the parts being joined
are less than 30 mm thick/5 % of the total length of
welding shall be so_éxamined.

The locafion of<the weld to be non-destructively
tested shall be selected at random by the inspecting
authority. |ifzany of the welds of the same type tested

5.6, Openings in or adjacent to welds

Openings in or adjacent to welded seams shouid be
avoided especially when this seam is pot 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

and in such a manner that the tange

at the point

the opening crosses the welded sea{lqw completely

where the axis of the seam meets th
opening makes an angle with this axi

edge of the
5 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

are foun
non-destructive testing shall be increased at the
discretion of the inspecting authority.

£ 4. 4o dant £ 20
|ClblU|y, IS TAWTHIO U e

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
(10 % or 100 %) if their diameter is greater than
500 mm.

5.7.4 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

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

ble8..

In the cas¢g

is free from significant defects.

Preheatingpstrati-be-provided-imaccordance-with-ta=——garded-as-similar positions

of high carbon steels, and also for thick

plates, preheating and inspection for cracks may be

necessary [see also 2.6.1).
i
Table 8 —|Recommended preheating temperatures
for welding of plates, sections, bars and forgings
Hydrogen ?
Non-hydrogen
controlied weld ‘
metal controlled weld metal
Minimum Minimum
Type Material pre- pre-
thick- heating “:\;':I:'f;':s'” heating
ness! | tempera- tempera-
ture tqre
mm o mm c
Carbon and <30 5 <20 5
carbon :
manganese 2)
steel, > 30 100 >20 <50 100
£025%C
1) The greptest component thickness at the joirit:
2} It Is regommended that only hydrogen tehtrplled weld
metal is us€gd for thicknesses greater than 50,

5.8.2 Welding processes

Details of w

elding processes are not defined herein.

Any process is_acceptable provided that the re-

5.8.3.2 Test welds

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

ualifications

If the production welding is to be done in the flat

position, the procedure test plate sh

all 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 ISO

6947 are re-

For fillet welds, a more representative

~ be applied, if thought necessary)by ag

tween manufacturer, purchaser and
and/or regulating authority,

5.8.3.3 Requirements

5.8.3.2, procedure qualification test w

lesting shall
reement be-
inspecting

Ids for all

Apart from the requirements specified ivFS.S.BJ and

pressure parts)of pressure vessels, inc

uding pipes

and tubes, shall be made in such a marnner that the

welds .can be considered representati
made_in“production, taking into accoun
ing patticulars.

a) Type of base metal

ve of those
the follow-

The procedure qualification test plates or test

pipes shall be made from steel wi

th 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, o the most

unfavourable analysis from the stpndpoint of
weldability and within the limits of the material

specification of the steel concerned.

b) Electrodes, filler material, flux and arc shielding

gas

Welding filler materials, i.e. electro
as combinations of wire, powder af

les as well
d shielding

gas combinations, shall be to the same standard

quirementsf of the procedure qualification tests are or manufacturing specification, for bpth the pro-
met. cedure qualification and the productipn welds.

‘ ] c¢) Type of joint preparation
5.8.3 Welding procedure qualification '

‘ ‘ Subject to agreement with the inspecting auth-

5.8.3.1 Procedure agreement

The welding procedures used by the manufacturer
shall have been certified by the inspector or the in-
specting ‘authorily in accordance with the require-

ments of

this International Standard. ' Previous

qualification of procedures in accordance with the

appropriate

national standards may be acceptéd in

lieu by agreement with the inspecting authority,
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ority, a change of joint preparation for hand
welding may be made without further testing. For

semi-automatic or automatic processes,

~ substantial change in plate edge pre
require a further test.

d) Welding technique

any
paration will

A new procedure qualification test is required in

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

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

ISO 5730:1992(E)

of pipe or tube joined by a circumferential butt weld
and shall provide for the number of test specimens
given in table 9.

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

weldin

Outside c F Roof lmpafct
pipe ross ace 00 .| testsfor
: diameter | tensile | bend | bend ng;;o wall
The welding process and. in the case of semi- test | test | test thicknesses
automatic or automatic welding, the type of v > 10 mm
¢ de\;.lf(':e, g,hali b? ‘[he(ai ?amt?‘ for ﬂ;e ;t)'ro- <51 mml| 2" S 1 Seo
cedure| qualification test and for the production > 51 mm| 2 1 3 1 5.8.3.9b)

welds.

f) Preheating anﬁ delayed cooling

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

Howevgr, if the preheat temperature in pro-

1) The cross tensile test/piece for tub¢s < §1 mm
shall be the welded pipe as)a whole.

A separate piece:of welded pipe or tube shall be

required for thé) preparation of roagt bend and
macro-etch test specimens in the case of tubes or
pipes where™D < 51 mm.

duction
by les

work is for practical reasons increased
s than 100 °C, this change will not

necessitate a hew procedure qualification test.

g) Subseq

uent heat treatment

If a bagking strip is used, it shall be le
in the macro-etch specimen and in th
made on a welded pipe as a whole.
strip shall be removed from all other tes

The test plates shall be welded in

ft in position
b tensile test
The backing
{ specimens.

the position

The suyr)sequent heat treatment, i.e. normalizing;
tempeltling or stress relieving, shall be the same
for the welding procedure test and the production
welds.

5.8.3.4 Thickness

For metalarc welding, a procedure qualification
shall be valid for thicknesses from 0,75 to 1,5 times
the thickrless of the procédure qualification test
plate.

For oxy-adetylene welding, the plate thickness shall
imumcthickness for which the procedure

adopted in practice, using, if necessary, the four
basic pipe positions

a) horizontal rotaﬁng,

b) vertical,

¢} horizontal fixed, and

d) inclined at 45° to horizontal — fixed,
Position ¢) 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 figurg 41 a).

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 out of the test plate is shown in
figure 40.

5.8.3.6 Special requirements for pipes and tubes

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

The macro-etch test specimen shall be taken from
that part 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 10.
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Table 10 — Widths of bend test specimens for pipes

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 iest specimens shall
be taken and tested.

On the basis of the above, the results shall be
considered acceptable if the mean value of all
six specimens is 27 J or more and at the same

and tubes
Outside pipe Thickness of Width of bend
diameter pipe test piece
D t wh
< 51 mm t D
T
> 51 mm t f 2
lU:
1) With g maximum of 38 mm.

The bend fest specimens shall be cut with the edges
parallel ag shown in figure 41 b), and shall have the
corners rgunded or dressed to a radius of approxi-
mately 1,5/mm. ‘

The bend fest specimens shall be bent without being
straightengd, after removal of the weld reinforce-
ment dowr] to the level of, but not below, the surface,
round a former of diameter 3¢ and through an angle
of 90°.

5.8.3.7 Ngn-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 Agsessment of test pieces

The results of the tests and examinatiof.of welding
procedure|qualification test pieces shall satisfy the
requiremepts for welded production test plates1 {see
5.10). |

5.8.3.9 Sdlection and resuits)of tests

The welds in test precedure plates shall be sub-
jected to non-destruciive testing. If, in a test plate,
weld defedts which-afre unacceptable in accordance
with this International Standard are revealed by
non-destry
plate shal
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.
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tive exammat:on a new procedure test.

tume—mny—twn—qmwrrs—smw—vEIues below
27 J and only one of thesey has a value

below 20 J.

If one specimen fails duge'to ‘an obyious defect,
the result may be disregarded and pne replace-
ment specimen may be taken. Howeyer, only one
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 mad¢ before the
whole procedure is repeated.

5.8.3:10 New welding procedure qualification

A completely new welding procedure gyalification is
mandatory when a substantial change| is made in
the essential variables as listed in 5.8.8.1 to 5.8.3.4
inclusive.

5.8.3.11 Acceptance of welded production test
plates

Welded production test plates, when dccompanied
by all the relevant data necessary fgr a welding
procedure test and certified by the inspector or in-
specting authority, shall be considered gs 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 requured Suggested model forms

5.8.4 Welder’'s competence qualifications

5.8.41 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

1ISO 5730:1992(E)

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

as the size of the test coupon permiis. These root
bend test|specimens shall conform to those required
for the tegting of welded production test plates (see
5.8.17.3.3.p).

For thesq two processes, test welds of the butt-
welded type for welder’'s competence qualification
on pipes ¢r tubes shall be tested by means of bend
test piecds of the number, width and conditions of
bending ip accordance with 5.8.3.6.

5.8.4.3 Fjllet welds

Test welds for welder's competence qualification
shall be darried out as fillet welds representative of
those unger consideration; typical test welds are
shown in ffigure 42. These test welds shall be broken
and the pppearance of the rupture as well as a
macro-et¢hing of a cross-section of the weld shall
be examinped.

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 dJonditions of qualification

Test welds for welder's competence qualification
shall be parried out in_exactly the same way and
under thg 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 i i i i
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 weids, the pro-
cedure used shall be exactly the same as for the

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
ISO 6947) in which“iP is intended to|weld in pro-
duction.

Qualification~tests in the fundamertal positions
cover fordntermediate 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 p
the horizontal fixed position shall quali

pe or tube in
fy for welding

pipe, tube or plate in all positiong, except for

circumferential welds in vertical pipe
for horizontal—vertical welds in plate.
for circumferential welds in vertical p

5 or tubes or
Qualification
pes 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 qualifi

cation test in

the inclined position may be substituted.
5.8.4.5.3 Thickness

The range of validity of thickness shalll 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 nominai
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 gualification test in the range
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greater tha

n 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 sha

5.8.4.5.3.3

1 qualify for any thickness over 20 mm.

Automatic, semi-automatic or manual

electric process

A qualification test on plates of thickness smaller
than 12 mm qualsfes for any other thlckness in the

range 0,785
plate. A qy
the range
nesses ex(

A qualifica
smaller th4

allflcatlon test on plates of th|cknesses in
12 mm to 15 mm qualifies for allithick-
eeding 8 mm.

ion test on pipes or tubes of thicknesses
n 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

thicknessep over 20 mm qualifies for all thicknesses

exceeding

5.8.4.5.3.4

When only,
ticular pro

15 mm,

Partially welded seams

part of a seam is to be welded by a par-
cess (for example root runs, etc.), partially

welded seIlms may be subjected to the qualification

test. How
weld shall
duction.

er, the number of runs used in the test
not be less than may. be required in pro-

5.8.4.5.4 Hiller metal and shielding gas

5.8.4.5.4.1

Dip transfer process

Any chang
in the wire
sition of th
the welding
tail requali

5.8.4.5.4.2

e in the composition (of the filler wire or
manufacturing procéss or in the compo-

shielding gas.which has no effect upon
j or running eharacteristics shall not en-
ication.

Metal-arc process

coated electrodes quallfy also for weldmg W|th aCId-
or rutile-type electrodes but not vice versa. ‘

Welder gualification 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 ISO nominal diameter, but for
other positions, the range of qualification validity
shall be limited to the electrode size used in testing
and one ISO nominal diameter smaller.
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5.8.4.54.3 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

Quahﬁcatlon validity shall be l|m|ted to each indi-

—flux, in wire
size, in the speed of weldmg, or in|the electrical
parameters (e.g. voltage, currentyintensity, AC or
DC, etc.) need not entail requalification.

5.8.4.5.6 Joint preparation

A change in the form.of joint preparatipn need not
entail requalification provided that the ajteration will
not adversely dffect the ease of welding,

In the casg of branch and nozzle wplds etc, a
change imjoint preparation within the range of typi-
cal forms recommended herein (see anpex 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 pr tube with
an outside diameter D less than 166 mm quali-
fies for any other diameter in the rgnge 0,5D to
1,5D;

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

Qualification for welding branch, nozzle and similar
joints, in all positions, shall be carried out on pipe
in accordance with the rules for qualifying p\pe 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
case, 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

ISO 5730:1992(E)

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 welding.

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

annex F.

5.8.4.8 Vrlidity of the procedure qualification test
as welder|s competence qualification test

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

5.8.4.9 Repetition of tests
The requited test shall be repeated if

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

b) a qualified welder has not been employed in the
welding of pressure-retaining parts within the
scope jof 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
conditionsl pertain, supplementary tests_may be re-
quired.

5.8.5 Lowest permissible temperatures for
welding

It is recommmended that ngo welding of any kind be
done wheln the temperature of the base metal is
lower than —20/€YX At temperatures between
<20 °C and 0 °C.the surface of all areas within ap-
proximately 75 ‘tm 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 °C) be-

Bars, Jacks, clamps, 1ack welds, or othey appropriate
means may be used to hold the edges/to be welded
in line. Tack welds shall be removed-urlless 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 deviation® exceeding the permitted tol-
erances, the head‘or shell ring, whichgver 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 jand headers
may be welded from both sides, or frlom one side
only if the welding procedure test shows acceplabie
results. If a backing strip is used, it shalj be removed
after welding and prior to any rgquired 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 angd 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 b¢ such that it
will not adversely influence the weld.

fore welding is started. It is aiso 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°C.

5.8.9 Surface condition before welding

The surfaces to be welded shall be clean and free
from foreign material, such. as grease,. oil,
lubricants, and marking paints, for a distance of at
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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5.8.10 Middle line alignments (see figure 43)

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

dy < 0,15
with-a maximum of 3 mm.
However, the limits for the alignments of thé mid-

lines may be exceeded where the design réquires
that the mid-lines be offset for some technical rea-

Table 12 — Maximum misalignment of plates with
longitudinal joints

Thicker plate thickness Maximum misalignment
b dyor d’y
mm ‘ mm
b 12 b/4
12<b <48 3
b > 48 5/16 but not greater than 10

sons, theie offsets being taken into account in the
s.

5.8.11 Slurface alignment tolerances
(see figure 43)

5.8.11.1 Circumferential joints

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

Table 11— Maximum misalignment of plates with
circumferential joints

Thicker plate thickness Maximum misalignment
b dy, or’d’;
nm mm
bj< 20 bj4
20 b < 40 5
40 4 b <50 b8
b > 50 b/8 but not greater than 20

5.8.12 Finished longitudinal and
circumferential joints (see’figure 43

All welds shall have a'smooth finish w‘;(hout valleys
and shall merge in{6-the plates without significant®
under-cutting or abrupt irregularity.

To ensure that the weld grooves arg¢ completely
filled so that.the surface of the weld [netal at any
point dogs not fall below the surface of the adjoining
plate,cweld metal may be built up as rginforcement
on each side of the plate. This reinforpcement shall
not exceed the thicknesses given in taljle 13.

The reinforcement need not be removpd except to
the extent that it exceeds the permissille thickness,
or if required by 5.8.14.4, 59.4.2.1 and G.4.

Table 13 — Maximum reinforced thi¢ckness for
finished longitudinal and circumferentjal joints in

plates
Thicker plate thickness Maximum rejnforcement
thickness
b r or| ¥

mm mip

b< 12 2,5
12 < b 25 3
b > 25 5

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, :

5.8.13 Fillet welds

All fillet welds shall be made in such a way that
there is no significant¥ 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 welding 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.

ISO 5730:1992(E)

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

5.8.14.2 Restart

if the welding is stopped for any reason, extra care
shall be laken on restarting to obtain the required
penetratipn and fusion.

For subnferged arc welding, chipping out a groove
in the crafer is recommended.

5.8.14.3 Bingle-sided welds

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

5.8.14.4 Plates welded prior to hot or cold forming

When netessary, plates may be-'butt welded to-
gether prior to hot forming, provided that the welded
joint is rlon-destructively tested after hot forming
and a test plate of the weld\{subjected to the same
heat trealiment) is examined!

Cold fornmjing of welded plates is allowed under the
following |conditions:

a) Forming precautions
Beforl‘_mid_(nzming._musld reinforcement

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)purchaset and the in-
specting and/or regulating authority.

5.8.14.5 Re-rolling

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

5.8.14.6) Heat treatment

ln.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
between the manufacturer, purchasen
ing and/or regulating authority, taking

when agreed
and inspect-
into account

the working conditions of the boiler|and the ma-
terials used. In this instance, local preheating and
non-destructive testing (crack detectign) is necess-
ary.

5.8.14.7 Attachments

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

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 thicknéss for coarse-grained
steels;

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

5.814.7.2 Temporary attachments welded fo 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.

a7
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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

5.814.8.1 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.

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

5.816.1.2 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
post-weld heat treatment

Shell or end plate Rate of heating

5.8.14.8.2

and be exa
test.

thickness
he areas from which temporary attach- -
ments have| been removed shall be dressed smooth e <25 mm 220 °C/h
ined by an appropriate non-destructive o> 25 mm 5 500/¢ °C/h or|55 °C/h,

5.8.15 Repair of weld defects

Any repair tp 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
, the films of the original defects shall
|Iab|e (see 5.9.1).

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

The welding procedures for local or complete te-
pairs shall |be approved. If the defects being-re-
paired do not require the use of a welding procedure
that already approved for use by the
r, and if the manufacturer,\decides to
use this prgcedure for the above-mgnlioned repair,
no approvalltest shall be necessary, The repair shall
be carried qut by an approved welder.

in the casq of a difficult repair the manufacturer
shall inform[the inspecting_authority.

Iin the case|of recurfing unacceptable defects, the
cause shal
authority informed’

- ] ? i U thickness
be _investigated and the inspecting
e € 25 mm 275 °C/h
2> 25 mm 6 875]e °C/h or|55 °C/h,

whichever is the greater

5.8.16.1.3 During the heating period, the tempera-
ture variation between points 4,5 m apaft shall not
exceed 150 °C,)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 $pecified in
5.8.164.

5.8.16.1.4 During the heating and holdipg 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
1o 300 °C at a rate not exceeding the rates given in
table 15.

Table 15 — Rate of cooling to 300 °C] during
post-weld heat treatment

Shell or end plate

Rate of cdoling

5.8.16 Heat freatment

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.
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whichever is the greater

5.8.16.1.6 Below 300 °C, the boiler may be cooled
in still air.

5.8.16.1.7 The temperatures specified shall be the
actual temperatures of any part 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

ISO 5730:1992(E)

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

thoroughly through. If the geometry of the part
causes ipsufficiently homogeneous cooling, a
stress-relieving heat treatment shall be appliied 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 dyring heat treatment, or, where this is im-
practicable, the test plate may be placed alongside
the presslire part it represents, in the furnace, in
such a ppsition that it will receive similar heat
treatment.

The test glate 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 he¢ld at temperature;

c) conditipn of cooling.

Heat treaffment temperaturesCof separately heated
test plateq shall be recorded.

5.8.17 Pfoduction testing -

5.8.17.1 Weld production test plates 4

5.8.17.1.1 | Where shell boilers or parts thereof are

5.8.17.1.3 When boilers with a weld factor of
v = 0,8 are manufactured along with, bpilers with a
weld factor of v=1, and are welded fo the same
procedure, destructive tests are not required for the
boilers with a weld factor,6fyv'= 0,8, grovided that
sufficient test plates are produced to cgver the total
length of welding involved:

5.8.17.1.4 Produetion test plates for| longitudinal

seams shall bé 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 sheli, and for a weld facé}or of v=0,8,
{

the material for the production test plates shall be
to the same specification as plates local to the seam
represented.

5.8.17.1.5 The tests on weld productign test plates
shall comprise

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

b) one all-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 thigk and over),
and

f) one macro-test.

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 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.

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.

5.8171.6 [f 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-

thickness of the welded joint as shown in figure 45.
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 figure 46.

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

perature off heat treatment of the shell to which they
belong. Straightening shall be done before final heat
treatment. :

5.8.17.2 Nopn-destructive testing of test welds

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

If any defeqts in the weld of a test plate are revealed
by non-dediructive testing, their position shall be
clearly matked on the plate and test specimens
shall be sdlected from such other parts of the test
plate as mpy be agreed upon between the manu-

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

Two all-weld-metal test specitnens, 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 transvelrsely to the

weld. Where the thickness of the plate germits, one
shallble above the other.

When the thickness of the plate exceeds 20 mm,

facturer an

The cause

the inspecting authority.

of such defects in the productlon test

plate shall pe ascertained.

5.8.17.3 Tast specimens and dimensions

Production fweld test plates shall make provisyion for

the test
5.8.17.3.5.

5.8.17.31

One redug
transversel
are neces§
over the wh

specimens specified— in” 58.17.3.1 to

Reduced section'tensile test specimen

ed section\/tensile test specimen! cut
y to the'weld, or as many specimens as
ary te investigate the tensile strength
ole“thickness of the joint, shall be taken.

The dimens

face bend and root bend tests may be| substituted

by side bend tests. When welds are ma
side only, one bend test may be a sid
but at least one shall be a normal bend 1
root of the weld in tension.

5.8.17.3.3.2 Face and root bend tests

5.8.17.3.3.21 The bend test specimern
rectangular in section so as to have a
to 1,5 times the thickness of the specin]
less than 30 mm.

e from one
bend test,
est with the

s ‘shall be
width equal
en, but not

The surface of the specimen shall be machined just

enough to remove the surface irregula
plate and the weld.

The corners of the specimens shall be r{
radius not exceeding 10 % of the thick

ities of the

bunded to a
ness of the

sions of the Teduced section tensite test

specimen shall be those shown in figure 44.

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

If the plate thickness exceeds 30 mm the tensile/test
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
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specimen.

5.817.3.3.2.2 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
30 mm, 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 diam
maximum| width of the weld is always contained
within thel 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 tq the type of steel (see 5.10.3).

5.8.17.3.3.8.2 For plate thicknesses between 30 mm
, the width b of the test specimen shall
be the full thickness of the plate, and the upper and
lower sutfaces of the weld shall be dressed flush
with the driginal surfaces of the material.

5.8.17.3.3.8.3 When the plate thickness exceeds
40 mm, it| is allowed, if necessary, to substitute a
full-thicknpss 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-nptched bar impact test specimens shall be
taken tranpsversely to the weld as_near as possible
to the face side of the last pass of the weld.

The V-nofched bar impact test specimens shall be
of the type and dimensiohs” shown in figure 48 and
ISO 148.

The notcl 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.

ISO

5.9 Inspection and tests

5.9.1 Check of welding procedure

5730:1992(E)

The inspector shall satisfy himself that the 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 weldi

ng procedure

test and certified by the inspecting authority, shall
be considered as equivalent to procedure quali-

SiS,

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

5.9.21 The manufacturer shall cerjify that the

welding on a vessel has been done on

y by welders

and welding operators who have been| qualified un-

der the requirements of 5.8.4, and the i
satisfy himself that only qualified weld
ing opetators have been used.

spector shali
rs and weld-

5.9.2.2 The manufacturer shall make available to

the inspector a certified copy of the
qualification tests of each welder and

to request and witness tests of the

record of the
velding oper-

welding pro-

ator. The inspector shall have the rigrl\ at any time

cedure or the ability of any welder an
erator.

welding op-

The inspector has the right to witngss the com-
petence test of any welder and weIdLng operator.

Subsequently, in case of doubt, he ha
request requalification of any welder.

the right to

5.9.3 Check of post-weld heat tregtment

The inspector shall satisfy himself that

all post-weld

heat treatment has been correctly performed and

that the temperature readings confor
quirements.

m to the re-

5.9.4 Non-destructive testing of welded
iuiutr——Yechniques—ahd—aeeep@aHrity of

The machining of the bottom of the notch shall be
done very carefully.

The impact tests shail be made on the specimen at
a maximum temperature of 22 °C.

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.

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.

5.9.41 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.

Shrinkage grooves and root
concavity

As for undercut, except that depth shall not exceed 1,5 mm.

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-testingtechniges—— ———————

Excess reinforcement and
excess penetration

The maximum reinforcement given in 5.8.12 shall not be exceeded (see)figure 43).

Overlap Not permitted.

Linear misz1lignment

The maximum misalignment given in 5.8.11 shall not be exceeded (see figyre 43).

Not permitted.

Surface-brelaking cavities

concerning

joints in stepl, requirements, assessment groups”.

NOTE — Attkntion is drawn to the prdject in ISO/TC 44/SC 10, Unification of requirements in the field of meta! welding,
£he drafting of a future International Standard on “Quality assuranceé of welding operations: Fusjon-welded

5.9.4.2 Radiography
5.9.4.2.1 Techniques

5.9.4.21.1 [All welded joints to be radiographed
shall be prepared as follows.

The weld ripples or weld surface irregufarities 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 tol any irregularities\cannot mask or be
confused with the image of-any objectionable defect.
If so requirgd, the weld<einforcement as stated in
5.8.12 may pe reduced to the thicknesses given in
table 17.

TableC17 — Permitted reinforcement

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).

5.9.4.214 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 appropti-
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 covedred by the
radiograph;

d) an indication that repair welding hag been car-
ried out in the length of welded [joints rep-

Thickness b Reinforcement thickness
mm mmv ’
b<12 1,5
12 < b 25 2,5
25 < b 52 3
b > 52 4

5.9.4.2.1.2 The welds shall be radiographed in ac-
cordance with 1SO 1106 using at least class B tech-
niques, 180 2504 and 1SO 5579,
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resenied by the radiographs.

5.9.4.2.1.5 The image quality indicator (1.Q.l.) shall
comply with the requirements of 1SO 1027.

5.9.4.21.6 The use of |.Q.l.s shall be in accordance
with the recommendations of ISO 2504.

5.9.4.21.7 The examination of the radiographs of
welds shall be made on the original film using a
viewing device complying with the requirements of
ISO 5580.
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5.9.4.2.2 Acceptance level of defects in butt welds

The acceptance level of defects in butt welds shall
be as stated in table 18.

5.9.4.2.3 Radiographs

ISO 5730:1992(E)

5.9.4.3 Ultrasonic testing

5.9.4.3.1 Techniques

Guidance on weld preparation and technique in the
case of ultrasonic testing is given in annex G.

5.9.4.3.2 Acceptance levels of defects in butt welds

Any of the following defects shall be judged unac-
ceptable:

A complete set of radiographs for each job shall be
retained Hy the manufacturer and kept on file for a
period of at ieast 5 years.

Table 18 — Acceptance levels of defects in butt welds found by radiography

a) rounded and elongated discontinuit{es of any di-
ameter or length, if the amplitude of the associ-
ated echo exceeds the reference level (see
annex G); ‘

Defect type!)

Acceptance level?) 3

Planar defects Cracks
Lack of fusion or penetration4)

Not permitted

Rounded glefects Slag inclusions 2 <3 mm
Single pores 2 < 0,25¢
Uniformly distributed porosity < 2 % by area¥
Localized porosity4) <2 mm
D <0,2¢
< 4 9% by area¥)
Tungsten inclusions As porosity
Elongated|defects Slag inclusions®! 1< 0,5¢ } '
Isolated wormbholes 1 <6 mm fore < 1? m
1 <0,33¢ fore > 18 mm

Aligned-glag inclusiong®)
Wormbholes#

Total length < e
in any length of 12¢

Interactive defects Elengated or localized

d > Bl

1) Generfal referencesshould be made to 1SO 6520.

3) The symbols-used have the following meanings.

1%} s(the diameter of the defect.

2) Defect dimensions and percentages refer to the projected area on the film.

I is the length of the defect.
d is the distance between defects.

]

max

and are therefore not permitted.
fected volume of weld metal.

figure 49).

e is the parent material thickness (in the case of dissimilar thicknesses, e applies to the thinner component).

is the length of the longest defect (for clusters it is 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,
5) The area to be considered is the product of the length and width of an envelope enclosing the projection of the af-

6) Slag inclusions are not permitted where welds cross within a distance L = 2¢, up to a maximum of 20 mm (see
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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.

5.9.4.4
testing

Magnetic particle and liquid penetrant

5.9.4.41 Techniques

Guidance on weld preparation and technique in the
case of magnetic particle and liquid penetrant test-
ing is given in annex H, ISO 3452, 18O 3453 and
1ISO 3058. In general the magnetic particle test is to

59433
welds

to end

wrapper plate welds as shown in figures B.16b) to

1o £ ol
T PITICTTCW,.

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:

The requirs
of defects f
ply, except

ments of 5.9.4.3.2 for acceptance levels
bund by ultrasonic examination shall ap-
as follows.

a) Welds with a second side fillet weld (back
welded)

For welfls with a second side fillet weld, full
penetraffion is desirable, but lack of penetration
at the ropt is permitted within the following limits;

ersledp < 1,25
{=200 mm
A= 3mm maximum

where [|is the length and A.is the height of the
defect.

Surface |defects due to_incomplete penetration
which afe revealed. by visual inspection or sur-
face crafk detection; preferably by the magnetic
particle Imethod,~are unacceptable and shall be
ground ¢ut to\sound metal and repaired.

b) Welds

discontinuitiés “which are interpr
cracks, lack)of fusion or penetration,
of the length.

Sub-superficial defects revealed by m3
ticle-testing according to the procedure
in "annex H shall be investigated, and
necessary.

ed to be
regardless

gnetic par-
s indicated
repaired if

5.9.5 ‘Methods of non-destructive testing for

branches, studded connections and ¢
flanges, tube to tube plate connectio
tube plate to shell connections

touplings,
hs and

The methods of non-destructive testing for con-

nections etc. are listed in table 19.

The possible methods refer primarily
graphic and ultrasonic testing. Both m
mentioned if radiographic testing alon

to radio-
ethods are
e does not

give enough information.

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,

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.

. Radiographic Magnetic particle/liquid
Figure No. examinagon Ultrasonic examination 9 pen et‘: ant testq Note
Branches without com-
pensation rings
B.3 a) —_ Yes Yes 1
B.3 b) — Yes Yes N
B.4 a) - Yes Yes
B.4 b) — Yes Yes
B.5 a) - Yes Yes
B.5 b) - Yes Yes
Ay TGS TS
b) — Yes Yes
a) - Yes Yes 0
b) - Yes Yes N
.8 Yes Yes Yes 1)2)
a Yes Yes Yés n2)
b Yes Yes Yes 12)
Branches with compen-
sat|on rings
. Yes Yes Yes 3)
Yes Yes Yes 3)
Studded connections
and [couplings
B.12 a) —_ Yes Yes
.12 b) —_ Yes Yes
B.12 c) Yes Yes Yes
anges
8.13 a) —_ - Yes
8.13 b) —_ - Yes
Yes Yes Yes 4
End plate or tube plate
connectlions to shell ,
B.16 a) — Yes Yes
B.15 b) —_ Yes Yes
B.15 ¢) - Yes Yes
.15 d) > Yes Yes
End platg or tube plate
connectigns to reversal
chambers
$.16 a) Yes Yes Yes
B.16 b) - Yes Yes
B.16 c) - Yes Yes
.16 d) — Yes Yes
B.16 e) —_ Yes Yes
End plate or tube plate
connections to Naces
B.17 a) — Yes Yes
B.17 b) - Yes Yes
B.17 ¢) Yes Yes Yes
Inspection opening
compensating plates
12 a) —_ - Yes
12 b) —_ — Yes
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. Radiographic . Magnetic particle/liquid
Figure No. examination Ultrasonic examination penetrant test Note
Stay connections
22 a) — - Yes
22 b) —_ —_ Yes
22 ¢) — — Yes
22 d) - -— Yes
23 a) — - Yes
23 b) - - Yes
Stiffeners for furnaces
— Yes Yes
Yes Yos
Yes Yes Yes
Yes Yes - Yes
Yes Yes Yes
Yes Yes Yes
Yes Yes Yes
Yes Yes Yes
- Yes " Yes
—_ Yes « Yes
1) After relmoving the root reinforcement to flush.
2) If the fqrged branch connection is high enough.
3) A teII-tl:Ie hole in the compensating ring for leak testing of the welds by the soap-bubble test is necegsary in all
cases. : '
4) For wal 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 Refuced section tensile test
The tensile strength obtained shall be at least equal

to the spegified mihimum tensile strength of the
plate mater|al.

When the désignis not based on the ultimate tensile
strength ofthe_matuial,_ix_is_peuuisswe,_whan_me

ues of the base material. However, whege the mini-
mum tensile strength of the platg is over
490 N/mm2, the tensile strength of the alljweld-metal
test piece can be a maximum of 19,6 Nfmm2 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 piate. :

5.10.3 Bend tests

fracture occurs in the weld metal, to accept a re-
duction of the tensile strength by 19,6 N/mmz2 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
or higher than the specified minimum yield point of
the plate.

5.10.2 All-weld-metal test

The values of the mechanical properties shall be
equal to or greater than the specified minimum val-
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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 a is the
thickness of the test specimen, shall apply.
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Table 20 — Bend test requirements

ISO 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.

i Free space
Steels D'?g_ﬁ::: of between
supports
Carbon steels
2 2a 4,2a
R, < 431 N/mm
Carbon steels
R, =431 N/mm® to 3a 52a
530 N/mmi
Required bending angle of test specimen: 180°.

On compldtion of the test, the length of the greatest

defect in apy 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 Nptched bar impact tests

The minimum results to be obtained from the impact
test piece$, as shown in figure 48, shall be as fol-
lows, and $hall not be less than the requirements for
the parenf] material. Three test specimens are re-

quired.

5.10.5 Macro-test

The macro-etching of a complete-crogs-section of
the weld shall show a good pefietration pnd absence
of lack of fusion, significant’inclusionsg, and other
defects.

In case of doubt, acmicro-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 5.94.

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

if the requ

of the spe
three supy

and tested

On the baj

sidered a

' specimens

red mean value is not met, or if only-one
cimens shows a value below 20.J, then
lementary test specimens: shall be taken

is of the above, the resulis shall be con-
cceptable if the mean) value of all six
is 27 J or more «and at the same time

5.10.7 Actions to be taken in the eyent of

unsatisfactory test results

If the results of the tests on welded pr

bduction test

plates are unsatisfactory, the causes shall be inves-

tigated, making use in particular of tf
new tests.

If the unsatisfactory results of the origi

e results of

hal tests are

proved to have been caused by local ¢r accidental

defects, the results of the repeated ne
be decisive.

v tests shall

57
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Section 6:

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 countri
required bl statute, the term inspector herein shall
mean a rson who has qualified for such certi-
fication.

The inspegtor, for the purpose of inspecting and/or
certificatiop of boilers under the requirements of this
international Standard, shall be independent of the
manufactufer and the puchaser, and shall not be in
the employ of either.

6.2 Inspection during construction
6.2.1 Geperal
6.2.1.1 Edch boiler shall be inspected during con-

struction iy 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 thisttaternational
Standard.

6.21.2 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 conferming to this International Stan-
dard. The inspecting authority shall check the design
and have thesight to require evidence that the de-
sign confqrims to the requirements of this Inter-

6.2.2

6.2.21

Inspection and testing

Inspection

Manufacturers” personnel may

perform the

functions indicated in 6.2.2.2 b), ¢) 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
ried out.

6.2.2.2 Except as indicated in §:2.2.1 t

shall make examinations, at teast at t
stages:
a) when plates have“been received a

c)

d)

e)

works,
with

facturer’s
markings

to compare
those

recordeq on

roperly car-

he inspector
he following

I the manu-
dentification
the

platemaker’s certificates and to check the re-

ported testlts of mechanical and ch

bmical prop-

ertiesagainst the specification. The inspector
shall-carry out spot-check measurements of ma-

térial wall thicknesses;

when shell plates and end plates

have been

formed, with the plate edges prepaned for weld-

ing, and when test plates are attach

bd;

during various stages of welding, ifl appropriate

to the welding technique. When the
been deposited along the principal

the test plates, when these seams
completed on one side and prepare(

on the other side, and on completio

first run has
seams and
have been
for welding
h of welding.

Radiographic films and/or ultrasonic test reports

shall be examined;
when weld test specimens have be

from the test plate previously sele
ness the required tests;

branches and similar connections

en prepared
rted, to wit-

have been

when openings have been preparej, and when

tack welded in position, and subsequently on

national Standard.

6.21.3 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.
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9)
h)

completion;

dimensional check of the boiler on completion of
manufacture, during hydraulic testing and again

after testing, and inspection intern
ternally;

ally and ex-

the marking of the boiler, e.g. nameplate;

the marking of the welds by spot-checks;

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.

ISO 5730:1992(E)

table 6), the design shall be checked to ensure that
the membrane stress in any part of the boiler under
test does not exceed 90 % of the room temperature
0.2 % proof stress of the material. In cases where
90 % of the room temperature 0,2 % 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

6.3.1.1 Slandard pressure acceptance test

The standard pressure acceptance test shall be a
hydraulic|test and the test pressure p shall be not
less than that given by the following equation:

2=1U15xp

where
p is the calculation pressure defined in
3.3;
F2 is the test pressure;

and p and p, have consistent units.

6.3.1.2 Non-standard pressure acceptance test

When it i$ necessary to test boilers hydrautically<fo
pressureqd greater than 15xp (see 53252,

30T e boiter shattextibit o —sign of general
plastic deformation or leakage. It s rpcommended
that before the boiler is appfoached for close
examination, the pressure should be réduced to not
less than 1,1 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 thé water be such as to prevent brittle
fracture.

6.3.3.. After installation, the boiler shall be hy-
draulically tested to the same pressyre as in the
dacceptance test and held for a period ¢f 20 min. The
tube plates shall be visually checked|for evidence
of tube end leakage. It is not necessgry to remove
insulation in order to check visually main seams and
nozzle welds unless damage is suspegted.
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Section 7: Documentation, certification and stamping

7.1 Design specification, drawings and
data sheets

The manufacturer shali 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

b) quality certification of the materials used;

c) reports of dimensional checks carried out on the
boiler;

d) reports, where applicable, of welding procedure
gualifications, welder’s competence quali-
fications, production weld tests, non-destructive

authority a
ments, or

sign specifi
materials
on site is
shall suppl
erection of

Results of
radiographi

3

ata sheets, full information as to the de-
ation of the boiler with particulars of the
which it is constructed. Where erection
ot undertaken by the manufacturer, he
y full information to permit the proper
he boiler.

nspections during fabrication, including
Ic films, shall be kept on file for a period

of 5 years ffom the date of completion of the boiler

and shall b
ority at any

e made available to the inspecting auth-
time during this period, if requested.

The manufacturer shall issue a certificate that the

boiler has

been designed, constructed, and tested

in every rgspect-in accordance with the require-
ments of this International Standard, and this cer-

tificate sh

i be countersigned by the inspecting

“authority thpt it has been so constructed and tested.
Where eregtion is inspected by a second inspecting

authority, gach inspecting authority shall sign the
certificate ih respect of the work it has supervized.
The countersighed certificate shall be furnished to

the purchager, and a copy to the regulating -authority

if required.

7.2 Documents to be submitted to the

ingpector

The followi
inspector:

ng documents shall be submitted to the

a) construgtional drawings and specifications of the

complet

60

ed boiler;

7.3 Stamping

Each boiler shall be legibly~stamped
marking on the boiler or.onJa permanen
nameplate.

The marking shall show the following:

by visible
tly attached

a) the numberof this International Standard;

b) the name and location of the manufa

Cturer;

c) the manufacturer’s serial number of {he boiler;

d) the design pressure (gauge);

e) the following information, as appropriate:
Label nomenclature Badjiler type
Maximum water flow tempera- Hagt water
ture : bojler
Maximum steam temperature Superheater
Maximum heat input (MW) All boilers

f) the hydraulic test pressure;

g) the year of manufacture;

h) the identifying mark of the inspecting| authority;

i) any statutory marking required.



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

ISO 5730:1992(E)

Section 8: Safety valves, fittings and mountings®

8.1 Safety valves

8.1.1 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 bar"’ tlmes the total volume in litres
is not mgre-tha ]

valve shdll be fltted Agreement of the lnspectmg
authority jof 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
superhealer without an intervening stop valve, the
safety valyes fitted on the superheater may be con-
sidered ap forming part of the safety valve capacity
of the boiler.

8.1.1.3 There shall be no intervening valves be-
tween thq 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 ;Jafety valves which shall not be counted as
forming part of the safety valve capacity,of the
boiler.

8.1.1.5 Spfety valve seats of -inside diameter
smaller than 20 mm shall not be used.

8.1.1.6 I cases where sub-atmospheric pressure
may occufr and the boiler-is“incapable of withstand-
ing such ¢onditions, aqacdum break device shall be
fitted.

8.1.1.7 The safety valves shall comply with the re-
quirements, ofNSO 4126-1.

8.1.2 Types of safety valves

Safety valves used for the protection of shell boilers
and their superheaters shall be as defined in
ISO 4126-1, and shall be, in principle, direct-loaded
safety valves.

The safety valves shall be loaded by springs, except
ever-and-weight
safety valves is permlSSlble where specifically ac-
cepted by the regulating authority:

8.1.3 Construction

8.1.31 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. '

8.13.2 The design of safety valves and the choice

of\materials of construction shall take
ation the possible effect of differential ¢
contraction. They shall be so constry
breakage of any part will not obstruct

full discharge of steam under pressure.

8.1.3.3 The materials used in the c¢d

nto consider-
xpansion and
cted ‘that the
the free and

pnstruction  of

safety valves shall be suitable for tlhe pressure,

temperature and other relevant cond
valve discs and seats should be of cf
erosion-resistant material.

itions. Safety
brrosion- and

bw full move-

8.1.3.4 Bearings of levers should allq

should be bushed with corrosion-resi

tant metal or

ment. Where a lever is mounted on pl{ bearings, it

the pins should be of corrosion-resista

8.1.3.5 Where the loading is applied
weight, the force exerted by the valve

t metal.

by lever and
disc should

not—exc =

8.1.1.8 Notwithstanding the requirements for safety
valves herein, the safety valves fitted to any boiter
(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.

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) Adttention 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 = 10° N/m? = 10° 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. The
easing gear shall be such that it cannot lock or hold
the valve off its seat when the external lifting force
is ‘released.

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 1SO 4126-1:1991, subclauses 9.1 and

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 yalves shall be subjected to a hydraulic
test in the pafety valve manufacturer’s works as re-
quired by [$O 4126-1:1991, subclause 5.3.

8.1.5 Operating and flow characteristics for
safety valyes

Copies of the records of the tests previously made
in the presg¢nce of the independent authority defined
in I1SO 412611, on safety valves representative of the
valves used for the boiler, shall be furnished on re-
quest to all[the parties concerned.

The tests ghall be made to meet the requirements
of IS0 4126-1:1991, subclauses 6.2 (operating
characterisfics) and 6.3 {flow characteristics),

The coefficjent of discharge shail be calculated in
accordanceg with SO 4126-1:1991, subclauses 7.1

8.1.6 Certified capacity

8.1.6.1 For each valve, the certified capacity shali
be 90 % of the theoretical capacity times the coef-
ficient o discharge (see 1SO 4126-1:1991,
subclause §.5).

rated discharge capacity of a safety

calculated in accordance with ISO 4126-1.

8.1.7 Set pressures

The safety valves provided by ISO 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.

62

9-2;
8.1.9 Attachment to the boiler

Safety valves should be mounted without any inter-

vening valves on robust pads or nozzles
other purpose, and having 4a cross-secti
least equal to the sum-ofthe areas of th
all the safety valves \mounted on them.
the safety valve shall have a bore nom
to that of the pad or nozzle to which it is

used for no
bhal area at

The inlet of
nally equal
connected.

The pads or-fiozzies shall be not less than 25 mm in

internal diameter. If nozzles are used
be as short as possible. The pressure Ig
the boiler and the safety valve inlet shal
3 % of the set pressure of the valve at
pacity.

8.1.10 Discharge lines

The areas of steam discharge pipes shq

hey shouid
ss between
not exceed
certified ca-

buld be suf-

ficient 1o prevent a back pressure integfering with

the operation of the valve.

Safety valves should discharge to atmos
space normally inaccessible to pers
charge lines should be nearly vertical
ranged that there will be no accumulatio
or condensed water to restrict the floy
Their supports and anchorages shall be
and constructed that reactions are resis
excessive forces being transmitted to
valve,

8.2 Water gauges

sphere, in a
bnnel. Dis-
and so ar-
n of deposit
v of steam.
50 designed
ted without
the safely

Each steam boiler shall have at least two in-

e orifices of .

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
motnted 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.

1ISO 5730:1992(E)

8.4 Biowdown 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.

Pipes connecting a water level gauge 1o the boiler
shali be rot less than 25 mm bore. Where the water
gauge is fitted to the chamber of a safety control or
alarm depice, the connecting pipes to the boiler
shall hav¢ a bore of not iess than 40 mm,

8.2.4 The lowest permissible water level of the
boiler shdll be permanently and legibly marked.

8.2.5 Cyllindrical water gauge glasses shall be fit-
ted with protectors.

8.3 Steam pressure gauges

h boiler shail have a steam pressure

through the water gauge column or its steam gon-
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
blowing out, if possible.

8.3.3 Steam pressure-gauge connections shall be
made suifable forthe design working pressure of the
boiler and for the.steam temperature.

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.

8.4.3 Where blowdowns from two ©r
are connected to a common discharg

more boilers
b, two valves

shall be fitted to each blowdown, one being of a

non-return type to prevent thé contents
passing to another.

8.4.4 The blowdown pipe between t
and the blowdownwalve or cock shall,
furnace heat, be protected by brickw
heat-resisting’,material so arranged f{
may be inspected and is not constra
expansiony

8.4.5  Blowdown cocks fitted with tap
be-of the bolted cover type with sepa
glands, and shall not be used with des
over 1,3 N/mm2.

8.5 Valves for connections

8.5.1 Steam outlets
Each outlet, except for safety valvef
heater inlet and reheater inlet and o
fitted with a stop valve located at an ac
in the steam delivery line as near to
convenient and practicable.

NOTE 12  The valve should preferably be
positively indicates whether it is open or ¢

Where more than one boiler is connec
mon header or steam manifold, the

of one boiler

he apparatus
if exposed to
ork or other
hat the pipe
ined against

pr plugs shall
Fately packed
gnh pressures

5 and super-
tlet, shall be
cessible point
the boiler as

pf a type which
osed.

ed to a com-
steam con-

nections for each boiler shall be prov
with a free blowing drain b

ded with two
tween them,

or some similar safety method should be provided.

NOTE 13
boiler be a non-return type.

8.5.2 Feed connections

It is preferable that the valve nearest the

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 o 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 °C.

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.

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

8.6.1 Cast iron

Cast iron shall not be used for blowdown mountings
or other wgter duties including hot-water boilers. In
other cased, cast iron shall not be used for press-
ures exceedling 1,3 N/mm?2, or for temperatures ex-
ceeding 230 °C, or for parts with. a diameter
exceeding 300 mm.

8.6.2 Brapgs, bronze and gun metal

Brass, bronze and gun metal shall not be used for
temperaturgs exceeding 220 °C, except where spe-

be acceptable.

8.7.2 For the purpose of determining dimensions
within the above-mentioned specificatigns, the de-
sign working pressure of the boiler shpli be con-
sidered as the working ptressure for alll mountings
including blowdown mountings.

8.8 Automatic controls

National rules concerning the use of autpmatic con-
trols shall apply until a new section covering boiler
management and equipment has been agcepted and
incorpotated in this International Standard.
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Unflanged front Reversal chamber

tube plate \ tube plate

Unflanged rear

/~ tube plate

\_ Wet back rear

8 I .._.._...,__..__._.____. i | Y ot

: | H—— ~ Wet back
\ ; \\ reversal chamber
\—— Ptan furnace tube \— Wrapper plate

NOTE — The effective radiant heating surface comprises the furnace tube, wrapper plate and wet back.

Figure 1 — Wet back’boiler

Flanged frant
fube plate Flanged rear
tube plate

4 \

I Water-cooled

I. /_ reversfl chamber

et ensm g g— —

[
= TUbe wall

Header

\——- Corrugated furnace tube

NOTE — The effective radiant heating surface comprises the furnace tube and complete surface of the reversal chamber.

Figure 2 — Wet back boller
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Reversal chamber

Flanged front
fube ptate \ tube ptate
(" 2
SR
|1
\ ~ s — V

Flanged rear
tube plate

Wet back

/ rear plate

Corrugated furnace tube

\——_ Wrapper plate

Wet bach
reversaol

NOTE — The effective radiant heating surface comprises the furnace tube, \Wwrapper plate and wet back.

Unflapged front tube plate

Figure 3 — Wet back boiler

/ Unflanged rear tube)
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__________________________ 1
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”

/ chal

chamber

plote
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mbep

R

r refractory

wall

7

\—— Plain furnace tube

NOTE — The effective radiant heating surface comprises the furnace tube.

Figure 4 — Dry back boiler
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tube plate \ tube plate
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Unflanged rear

/— tube plate

NOTE — Ths

|
|
%
M

\—— Plain furnace tube \— Wrapper plate

effective radiant heating surface comprises the furnace tube and wrapper plate.

Figure 5 — Semi-wet back boiler

\__ Rear pefractory

wall

Seml-wet back
reversal chamber
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,E ] T coal firing
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Net heat input (MW)

1 In.the‘tase of reverse-flame bollers, the furnuce diameter Indicated on the

graph shall be Increased by 40 %.

2) It the chosen furnace dlameter for oll, gas or pulverized coal firing Is

greater than 1400 mm, the minimum etongation of materlal of furnaces shatl be 24 %.

3) Inthe case of PH 265 matarials, the calculated thickness shall be increased
by 25 %.

Figure 6 — Relation between heat Input and furnace tube Inside diameter
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Figure 7 -<-8hape factor C for unstayed dished heads without openings

69



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

ISO 5730:1992(E)

Dd s

Dd;s

}

I
N
\\‘

8e} Cylindrical shells with Isolated

lrg , @d =
=30° —
: b od
L]
/ f \( \ Af o
°
/ AR 2
I
% li | 7
R f/ N D T D
I s s :
7" A 1Y
A b ’ AP /
8a) Cylindrical shells with Isolated openlngs - 8b) Spherical shells and dished heads withIsoldted
Relpforcement by Increased wall thickness openings ~ Relnforcement by Increased wall thickness
{ r§ @od A fp
o
lr : (= 4
E A fp ¢d
by Ats &
[N Ass | 9
) ]
Q'Q
]
) ' X
3 k4 \\ <
h-] A s x
6 9 i
Ay <
8c) Cylindrical shells with Isolated openings - 8d)_Spherical shells and dished heads with Isoldted
Re|nforcement by compensating plates openings - Relnforcement by compensating platek
¢d op
{rp @d,
: Aw . dop
lrg
{rp
‘:,l_i A fs A tp l
£
¢ ‘ o £ &
NN ol @
N

70

openings - Reinforcement by pads

Isolated openings - Relnforcement by pads

Figure 8 — Reinforcement of openings and branches
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8g) Cylindrical shells with Isolated
openings -~ Relnforcement by branches
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Figure 8 — Reinforcemént of openings and branches (continued)
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Figure 8 — Reinforcement of openings and branches (continued)
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Figure 8 — Reinforcement of openings and branches (concluded)
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9b) Spherical shell with a branch not radlally arranged

Figure 9 — Non-radial branches and adjacent branches
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9c) Adjacent branches In a cytindrical shell

Figure-9 — Non-radial branches and adjacent branches (continued)
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9d) AdJacent branches In a spherical shell

Figure 9 — Non-radial branches and adjacent.branches (concluded)
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Dimensions in miliimetres

IS,

Ca

\
AMl,]

) T EL e

Erpg= Erp

C;

Y, L

€n @dy

Area X % Areq)’

e Is the thickness calculated In accordance with formula (3.43) for the part
under conslderation.

e Is the thickness calculated In accordance with formula (3.7),
taking v =1.

C, Isthe smatler®fthe two values 2,5e ., and(25e, + e ;).

0 Is the greater-of the two values (e e+ 75) and ( dy + 4).

Area Y shatl not be Less than area X .

b compensating plate is required only in cases where area Y would otherwise be less than area

Figure 10 — Compensation for branch in flat end plate

X.
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Dimensions in millimetres

-
hy

e;-gn ;
G ——— e —— e

ey Is the thickness calcutated In accordance with formula (3.43) for the part under
consideration.

dy, Is half the mean of the major-and minor seml-axes of the opening.

0  Isthe greater of the two valugs (e ..+ 75) and d, .

&g shall be not Less than 19 fon manholes, 15 for headholes and 10 for handholes.

Area Y shall not be Less thardrea X.

Figure 11 — Compensation for elliptical manholes or inspection openings in flat end plates '
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Dimensions in millimetres

: Manhole
l

>~

frq

—_ Headhote
220 x 320 .
. A {_}ﬁ/
O
350
{ ’
QAN
Headhole _ i
NOTE -|For the size of manhole and dimension g, see
the tahjle In 13h). .
13a) 13b)
2200
1 900
1 600 : 4500
800 1 200
900
1 {
I s 7 e 100
) T 1 ‘
1 : {
1 M {
- [« 4
*_(T] 2D 8\ | ]
b | 27 a N : x Y
. | / ' AN AN
< l ' ]
1 2 3
Inspection category
Plane of eye 12 3
Inspection categpry
~— Centre of manhole
Plane of eye
NOTES
1 For the size of manhole and dimenslon g4, see the table in 13h). N\ Centre of hendhole
2 Visual ray. see 13g) NOTE - Visual ray, see 13g).
13c) 13d)

Figure 13 — Openings for access and inspection
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Dimensions in millimetres
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— Centre of headhole Centre of handhole
NOTH - Visual ray, see 13g). ‘ NOTE - ¥Isual ray, see 13g).
13e) - 13f)
TSI TS e ookl L L L LS | ! A
\ 7 I 1
2 4
3
)%;\:Q ~t = : Manhote
N d 5“ _+_ : / _ +__ ) DA W
L~ 7‘/ / 7 / / / "y
\ / r & Depth of 2
: pit =500 t/’\-\
T I 7
\ : '
VSIS SIS SIS TS SIS SIS
) Size of '
Inspection Visual ray manhole he g g4
1
category Ss=qg+r
‘ 320 x 420 =300 [ =400 #320
1 1000 ‘ 300 x 400 <150 | =450 *370
2 1300
g 1600 1) For dimenslon g, see also 13a) and 131).
2) For dimension g4, see 13c).
13g) 13h)

Figure 13 — Openings for access and inspection (continued)
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he

/———~ Manhole

|

NEN S SO NI N X I NSNS
4ﬁ&ﬁ&ﬁ&ﬁﬁﬁﬁﬁﬁﬁﬁﬁ&ﬁ&@@@?@%&
R RIS
R IRRARIRRARARRRAKIK

Dimensions in millimetres

BRI IR
RIS
B0 RIRILIRICIIRLILN

SRS
003020202020 200622 LERRERRIELEEEILRRRKKK]
C O 000 0.0.0.0.0.0.0.0.0024¢¢.0.0.0060.000.00000
PRIIRAANRHKAKNS ﬂ%&&ﬁﬁﬁ&&ﬁ&ﬁ%ﬁ%

)

( 4

3 N

30
|
|
|
|
|
|
|

NOTE - For the slze of manhole and dimenslon g, see the table In 13h).

EE)

Figure 13 — Openings for access and inspection (concluded)
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To establish the aren supported by bar stays or
stay tubes In boundary rows, the boundary of the
toaded area should terminate at the centre of
the associated main circle

In

Tenminatlan‘af-boundary arens
| where stuytubes are situated

ISO 5730:1992(E)

Unstayed rectangular area
(see 3.14.2.3)

Boundaries of areas Maln circles
supported by individual (see 3.14.2)
stays (see 3.14.2.7h)]

o, | Bar stays

tubes

:Le boundary rows only

(sep 3.15.5)

Breathing spaces |
(see 3,14.1)

NOTE — See also figure 15.

Figure 14 — Typical arrangement of end plate in a multitubular boiler
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The polint of support shall be taken at half the distance between the Inside of
the shell and the commencement of curvature, or at a Lline 3,5 times the
thickness of the plate measured from the outside of the plate, whichever Is
nearer to the flange (see3.14.2.2)

Main circle

Sub-circle

Breathing space

Figure 15 - Outer limits for supported areas, breathing spaces, main circles and sub-circles in flanged end

plates , :
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NOTE — Se

Sub-circle

ISO 5730:1992(E)

’ Sub~circle
Main circle .
) Stay tubes 7

e also figure 15,

Figure 16 — Use of sub-circles (twin furnace)
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Sub-circle

Maln circles

Sub-circle

NOTE — See a

86

Jso’figure 15.

. Maincircle

Two or three adjacent stay tubes may
be conslderad as one polnt of support,
in which case the circle shall pass
through the geometric centre of the
stay tube

Figure 17 — Use of sub-circles (single furnace)
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1.6

15 \\ \
\
\ /——- Rectangular areas

= ~ g

v /
Elliptical areas —)\ \\4
13 i
N
T~

12 \\
11 ™.
0. 0.2 03 0.4 05 0.6 o7 0.8 0.9 1
b/a

NOTE ~— Sep 3.14.2.3.

Figure 18 — Determination of factor y
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Main circles I
\ | L 1
Gusset stays : : :
Y
\ \ e e e
Tangent to Inner \
or lower tjrele— == 5 \\
(see 3.14.2.4) \ ~ \ —_ (
\2. I

Figure 19-=- Example of gusset stays
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Dimensions in millimetres

0,35 d with a minimum of 8
15 -
=15 15
/
%
%
%
%
Y
g §
g
w
-3
O e
e T e o v ——
7

e

Figure 20 — Permitted weld details of plain bar stay
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Dimensions in millimetres

er3
%/ R
" N\ B ;
¢ . 7
7
.., 2
. Z 2
") / /
U
o
% AN O ARNNN NN AN \\2 . ?
R\ é
. %
7/ 7,
R
Z %
é %
% %
/ N SSNRNA AR RN SRR RAANNN{E
7/ A7
A €

< 4e

N

AR

NN

NOTE — The ends of the tubes shall be dressed flush with the welds when exposed to témperatures above 600 °C. 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

90



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

e

ISO 5730:1992(E)

Dimensions in millimetres

/2 with a mintmum of 10 € /2 with o mintmum of 10
e v, e Ew,
|
W A

\‘\§6 15

g

YV
\

B ‘ | /
§ aver 4 e creter | %

|
@ 5 nom.
s S

m
ol L
-3
NOTE: feu= Se

AN
Y

NOTES
1 ey= %—e

2 Where e, 1s less than 0,35 ds, the form of construction shown in 22a)
shall be used.

22a) , . 22b)

Figure 22 — Permitted weld details of bar stays with washers
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Dimensions in millimetres

e /2 with a minimum of 10 e /2 with a minimum of 10
e e w e ey |
] |
%% \ /Z
N N
NN N

AN
-' =15 Z \
ever Is the greater — ] : é

[+
=
OT

N
@ 5 nom.

..................

-----------------

@od
I
i
1
.
Y
T
Ha
]
273 plich of stays
Bdg
|
|
2/3 pitch of stays

é N d X
Tell-tale hote . Tell-tale hole

NOTE | &= %e NOTES
1 ey™ %e
2 Where e Is less than 0,35 d; , the form of constructfon shown in 22¢) .
shall be used.
220) 22d)

Figure 22 — Permitted weld details of bar stays with washers (concluded)
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Dimensions in millimetres

0,35 d s with a minimum of 8
1,5 15
=15 15 =15 .[ 15
7
/z/ 45° weld
% preparation —\\
///
A i
2 2
w wn
-3 )
o e e LTI ol — N\ TITITIOERTTET
e T e s e s - - e ———————————
m /
R
e e

23a) 23b)

Figure 23 — Permitted weld details of reversal chamber bar stays
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Dimensions in millimetres

Alternative shape of girder {see the note) —

May be welded for fixed attachment

- TN N
~.
\‘\
N
™\ 2 4 ™\ ) \
" NTTTLLL 7AW
Width of waterway

NOTE - Girders may be shaped to elther the full or the thin chain Line shown.
24a)_Method of welding girder to a reversal chamber with flanged ends

|

(" N o

™M

A
] IRRRESLEEEREE B }BY

7 width of
waterway
\

\.\_l Girders may be carrled over the
ends of the reversal chamber

|
|
|
|
|

24b) Method of welding girder to u reversal chambsr with flat ends

Figure 24 — Typical methods of welding girder stays to reversal chambers
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Alternative shape of girder (see the note) \
emm— T N

-

7N YN

NOTE ~ Girders may be shaped to efther the full or the thin chain tine shown.

24c) Welded-on glrder to a reversal chamber having flanged tube plate and buck plate

Figure 24 — Typical methods of welding girder stays to reversal chambers (continued
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96

Alternntive shape of girder (see the note) \

e A e S
N

o ~.
/

NOTE - Girders may be shaped to either the full or the thin ¢haln Line shown.

24d) Welded~on girder fo a reversal chamber having square corners

N
%

A7 A\\\A

24e) Alternoilve methods of welding girders to the reversal chamber top

Figure 24 —-Typical methods of welding girders to reversal chambers (concluded)
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»

L )
©
%

NOTE — See 3.14.24.

25b) Distances between manhole relnforcing ring, furnace, shetl and fube nest

Figure 25 — Distances from manhole reinforcing ring
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3]
L< wn
POIITOIIINE h -}
\ N ®
3 o]
N N N
\ —N-—N-
| N —F
N N
8 \ E
Y2222 0L 1 F - .
Access
voworosees SN < o opening
N N \
\ R N
\ N N
AN A
2228822 \ End plate
\ ;
Furnace Reversal chamber
26a)
¥
.
VOIS N R
N e
N
\ Sep——
|
— N
\ N 3
...\__-._R._
\ N
\
N N
_ N NC
IIIII{ —E-— \ -
X
ﬁ;// X2 E\——- End plufe
2
Reversal chamber
Furnace

26b)

Figure 26 — Location of stays in reversal chamber back plates
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A
K‘Shelt plate ‘ =70

ISO 5730:1992(E)

=20

x 20

End plate ——*]

\

‘//////////%V

N\

Figure 27 — Details of welded gusset stays

7

ensions in millimetres
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Shetl plate A
\ —\ l
N l 2

> ))H))J)))))))”))))))))))H))J)i”)””))))))) i

s

—

T
4/

{\( e (I(Ig
/§
$
u
-/
K]

Progressiy A A
elongation gf holes — | I~ I )’ '
Ingusset plpte i )
e A-A

End plate ——-/’_

°|

‘((‘('5((((((,!((( l(((i(
i [~

Figure 28 — Details for welded and.pinned gusset stays
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___Not less than 1,5 Net cross-sectional area through pin hole shall
times pin dlameter be not Less than the minimum required for stay Alternative methods of
v ‘ ' attachment to shell and
: : A end plates :
Shelt plate —\ ‘ —‘i ~ A-A
' _H)))i”))) ] 7] 225 NG
— p ) ~ . . .
St R S N
L of
2 L]
| A
l ,,,,,,,, Yty v ael
\nn
TN B
4N 1
Rl
Ehd plm‘e
NOTES
1 V>60°

2 The thin| chain lines indicate stays with multiple links.

Figure 29 — Details for diago_nal link stays

g

OO/

l @d,

Figure 30 — Notation used for tube bends
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15

C 14

G

%3

12

11 -

Jllllllll Ll

e

0.9 o

£

0.8

0,7

R/d, e

Figure 31 — Design factors C, and C,
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Dimensions in millimetres

S max.

3 max.

72

vt

gt

V/%

~ Wiz

3 max.
2 max.
N

7
i

3

%5

N\
A,

Y
Y,

™
n

32¢) 32d)

=e+l

NN

|
% % I
| A |
% - Zr v '
Y N/ |
\ N |
e §WF/\
NOTE: g|=e 3381 | 2 an

7

Y

NOTE — For plain tubes exposed to flame or gas temperatures exceeding 600 °C, 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 32b). 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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Dimensions in millimetres
15

W (30}

e~ I X2
mm* x 104 mm? x 102

8,25 1.3.9 M1

9,25 5.8 125
10,25 17.8 13,8
125 19.9 15,2
12,25 22,1 16.5
13,25 244 17.9

33a) Fox type furnaces (115 corrugation.and.30 depth)

Figure 33 — Second moments of area and cross-sectional area for Fox and Morrison type furpaces
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Dimensions in millimetres
| 50 N

W (38}

en-C I Xz
mm* x 10*] mm? x 102

9.25 N9 161
10,25 35,7 1.9
125 39,6 19.6
12,25 436 214
13,25 478 231
14,25 52,1 24,9

15,25 56,6 26,6
16,25 61,2 28,4
11,25 66,0 30,4

18,25 71,0 318
19.25 76.2 336
20,25 816 353
2825 | - 873 374

.33b) Fox type furnaces (150 corrugation and 38 depth)

Figyre 33 — Second moments of ‘area and cross-sectional area for Fox and Morrison type furnaces
(continued)
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Dimensions in millimetres

150

.
-+

W &

en-¢ I X2
mm* x 104 mm?2 x 102

9,25 g 16,5
10,25 42,2 18,3
125 46,8 201
12,25 515 21,9
13,25 56,3 23,6

14.25 613 25,4
15.25 66,4 27,2
16.25 718 29,0

125 77.3 30,8

18,25 83,0 32,6
19.25 88,9 34,3
20,25 95,0 36,1
21,25 1014 37,9

33c) Fox type furnaces {150 corrugation and 41 depth)

Figure| 33 — Second moments of ‘area and cross-sectional area for Fox and Morrison type furnjces
(continued)
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Dimensions in millimetres

200

w (38}

e-C I X2
mm* x 10% mm? x 102

9.25 38.6 20,2

10,25 43,2 224
‘1,25 478 24,6
12,25 52.6 26,8
13,25 57,5 29,0
14,25 62,6 N2

15,25 67,8 33,4
16,25 73,2 356
17,25 78,8 37,8

18,25 84,6 0400
19.25 90,6 424
20,25 96,8 443
21,25 | 1033 46,5

33d) Morrison type-furnaces (200 corrugation and 38 depth)

Figire 33 — Second moments of area and cross-sectional area for Fox and Morrison type furnaces
(continued)
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108

Dimensions in millimetres

200

W {81)

en-C I Xz
-mm* x 10*] mm? x 102

9.25 456 1 205
10.25 50,9 22,7
125 56,3 25,0
12,25 618 27.2
13,25 675 29,4

14,25 733 316
15.25 79,3 338
16.25.] 855 361
17.25 918 | 383

18,25 98,4 405 -
19,25 105,2 42,7
20,25 | 12,2, 449
21,25 19,5 47,2

33e) Morrison type furnaces (200 corrugation and 41 depth)

Figure 33— Second moments of area and cross-sectional area for Fox and Morrison type fur
(continued)

haces
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Dimensions in millimetres

! 150 |

| !
‘ ' .
)
<
114]
>

en~rC Iy X2

mm®* x 10%. mmZ x 102

9,25 | 356 16,4
10,25 377 18,0
1,25 39,6 19,6
1225 | 412 212
13,25 | 427 228

14,25 441 244
1525 | 453 | 259
16,25 46,4 27,4
17.25 YRS 28,9

18,25 | . 483 30,4
19,25 49,2 319
20,25 50,1 333
21,25 51,0 348

33f) Fox type fu}-nnces {150 corru_guﬂuh and 50 total depth)

Figyre 33 — Second moments of-area and cross-sectional area for Fox and Morrison type furnaces
(continued) .
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Dimenstons in millimetres
200

W75 - e

Erf-[‘ I, X3
mm* x 10*] mm? x 102

9.25 129.4 233

10.25 | 138.,9 25,7
125 147.7 28,0
12,25 | 1559 30,4
13,25 | 1635 32,6

14,25 1705 36,9
15,25 177,0 371
16,25 1830 39,4
17.25 188,5 415

18.25 193.6 43,7
19,25 198,4 45,8
20,25 2028 48,0
21,25 206,9 50,0

33g) Fox type turnaces (200 corrugation and 75 tatal depth)

Figure 33 — Second moments of area and cross-sectional area for Fox and Morrison type furnaces concluded) .
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Figyre

nnnnnnnnnnnnn

I1SO 5730:1992(E)

34 — Furnace s

Figure 35 — Furnace

G

~
V7%

eeeeeeeeeeeeeee

\&

stiffeners thicker than 22 mm for plain and corrugated sections

tiffeners up to and including 22 mm thick for plain and corrugated sec

tions

"M
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112

Dimensions in millimetres

epn~C Iz
mm* x 10¢
2.25 1,90
10,25 2.1
M",25 2,32
12,25 253
13,25 2,74
14,25 296
15,25 3,18
16.25 3,40
17,25 | 3,62
18,25 3,85
19,25 4,08
20,25 4,31
21,25 %55
36a)
L -t I
mm* x 10%
9,25 1,30
10,25 144
1,25 1,59
12,25 174
13,25 1,90
14,25 2,04
15,25 2,20
16.25 2,36
17,25 252
18,25 2,68
180 925 | 284
20,25 3,01
21,25 3.18
36b)
L er=C I
k mm* x 10°
9,25 114
10,25 1,28
125 1,61
12,25 1,55
13,25 170
14,25 1,86
15,25 2,04
16,25 2,22
17,25 2,41
8,25 2,60
19,25 2.80
s Wme - 20,25 3,01
NOTE: W = e~ ¢, but not less than 13, 21,25 3,22

36¢)

Figure 36 — Bowling hoops
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|
M
/
MEEN/ -
/
mmmy/
i 9
I/

1A

SR/

LN ————

05 1 15 2 25 3
B/t

Figure 37 — Coefficient for calculation of stress at saddle supports

13
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Dimensions in millimetres

Nut Distance plece
Mounting
7
%\ 9
2 NI N Y
SODASSSS XN \

D+65min.

Plate

NOTE — See 4.8.6b).

Figure 38 — Mounting screwed into steel distance piece
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§
Combustion § B{m: end
chamber plate \ plare
.
L

IS0 5730:1992(E)

N e e e s e — . — — ——— ——— —

Seal weld

Figure 39 — Access opening for wet back bollers

gllttlef)r mBiiTiiBp 1 |T] | All-weld-metal tensile
test specimen

I

Dimenslons In millimetres

400

B Bend test specimen

T Reduced section tensite test specimen
| Impact test specimen

M Macro-test specimen

Figure 40 — Cutting up the test plate
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Dimensions in millimetres

4
M
1| Tensile : 1
2| Facebend
3| Root bend
M Macro-etch
41a) 41b)
Figure 41 — Bend test specimens for pipes and tubes ‘
Dimensions i mitllimetres
Hammering direction Wedge
w w
o ———" ——J-
300 60 5 60
3 ’q 8 3| 8 3
©
(-]
AR333333%A A3333523318
3
75 75
125 125 %5
42a) Lapped test plate for sheef 42b) Wedge test plece for sheet
and plate welders'on e =15 t0'2 and plate weldersone = 4
A
125 A-A
{ 40 90"
4 I Hammering direction
b S 60 5 60 1 e
1
el ——— +— e
. ’Qﬁ
. | s .
Ll lld. \o
125
W

42c) Test place with flllet weld at la
JoInt for plpe welderson e 2 4

145 a0

42d) Angled test plece for sheet

and plate welders on e == 4

Figure 42 — Test pieces for fillet welds
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Dimensions in millimetres

—-———————5:——1—“-—-— Sawcut 20 to 30 Bent
50 I [
100
250
24y Pipehend-test-specimen-for—
Joint for plpe weldersone = 15102 ;[pe’ welderson e= 15102
Hammering
10 / direction
Shorten If
necessary
.'Q‘_Eh {A
' H
E
: l Y Wedge
E 4 a
1 Jeo t =
Llaes) g {
AL
] ] Y
] 1
[ [ 1
(B [} t
[ [} '
1
" e ]
! ' i
) ‘f |
42g) ‘Pipe wedge test specimen for fillet welds
at'tap Joint for plpe welders on e = 4
Figure 42 — Test pleces for fillet welds (concluded)
17
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da

L{\
%
i

A’
dy

di
%/ |
d

43c)

NOTE — See|5.8.10 and §.8.11 for maximurmm’/permissible misalignments.

Figure 43 — Plate alighment
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Dimensions in millimetres

&)
az Dimensions in millimetres
w v

| ¥
R ]

. l ! o
£ I 6 =]
E ' H b1
& ‘ ' B

i I S =]
H -
! e
0 | tew -t £
1 =t : g\l g
S —_— € &
o
Ri( %
- ]
1 -
)
: é
! 25 min; [ ¥
! ]
! =
]
1
t

30 min.

Figure 45 — Selection of reduced section tensile
test specimens in a thick plate
Figure 44 — Reduced section tensile test specimen

Thickness of welded joint and plate

5da

Figure 46 — All-weld-metal tensile test specimen
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Dimensions in millimetres

R 0.1a max.

|
N /\j\

/— Former

Weld normally dressed flush

2
(A

O\

Supports

1 amin.=10

' Figure 47 — Side bend test specimen
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Dimensions in millimetres

55 10

Figure 48 — Impact test specimen — V-notch

Dimensions in millimetres

]

NOTE: L = 2¢ or 20 max.

Figure 49 — Crossing)weld zones where weld imperfections are not permitted
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Annex A
(informative)

Information to be supplied by the purchaser to the manufacturer

The following is typical of the minimum information
which is requnred by the manufacturer and Wthh

of the enquiry.

A.1 For|saturated steam bolilers
a) Steam ¢apacity, in tonnes per hour, actual
b) Working pressure, in bar” (gauge)

c) Feed-water inlet temperature, in degrees Celsius

A.2 For|superheated steam boilers

a) Steam dapacity, in tonnes per hour, actual

b) Workind pressure at the superheater outlet, in
bar? (gluge)

ated steam temperature at actual steam
in degrees Celsius

c) Superh
capacity,

d) Feed-water inlet temperature, in degrees Celsius

A3 For hot-water boilers

a) Heat capacity, in kilowatts, actual

b) Workind pressure, in bar? {gauge)

c) Hot-watpr return température, in degrees Celsius
d) Hot-watpr flow temperature, in degrees Celsius

e) Method|of pressurization

f) Switching-methad of the hot-water eircuit

b) Specification and analysis.

A.4.2 Gaseous fuels
a) Type and origin.
b) Specification and analysis.

¢} 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, dig
manufacturer, industrial underta
munity).

trict, mine,
King, com-

b) Specification and analysis (e.g. statq of material

as supplied, gross and net calorific
of granule, ash-fusion point).

A.4.4 WMixed fuels
The proportion of the various fuels and

of combustion. (This requires agreeme
purchaser and manufacturer.)

A.5 General information

A.5.1 The limits of certain characterist
which the guarantees shall be based. (T

values, size

the method
nt between

¢ values on
his requires

A4 Fuels

A.41 Liquid fuels

a) Type and origin.

7) 1bar = 105 N/m2 = 105 Pa

122

voltage, frequency, number of phases,

agreement between purchaser and manufacturer.)
A#d—ae««ea—pewer—mppby—épeem[i‘ ation, e.g.

number of

wires and any limitations for the direct starting of

motors.

A.5.3 Erection height above sea level and climatic

conditions.
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Annex B
(informative)

Typical examples of acceptable weld details

B.1 General

preciated of introducing amendments and additions
to reflect improvements in welding procedures and

B.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 srelative mechanidal 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 pentain.

B.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.

B.41 Weld profiles

The weld profiles (e.g. bevel angles, foot radii, and
root faces) recommended are indicated by under-
lined letters and numbers, which refer to the profiles
shown in figure B.1. They are designed to provide
correct conditions for welding and tqg facititate the
deposition of sound weld metal in tHe root of the
joint. This is particularly important ip 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 1o the¢ latter, where
the depth or throat thickness of the weld exceeds
about 15 mm.

B.4.2 Butt joints

6 mm. THe following types of connections are cov-
ered.
, Figures
Standarg weld preparation de-
tails B.1
Weld prgparation details for
set-in branches B.2
Branchgs without added com-
pensation rings
a) Setfon branches B.3
b) Setdin branches B.4to B.7
c) Forged branch connections B.8 and B.9
Branchés with added compen-
sation r{ngs
a) Setfon branches B.10
b) Sel{in branches B.11
Butt-welded studded connections B.12
Flanges B.13 and B.14
End plates or tube plates ta-shell B.15
End plales or tube platesio
wrappefr plates B.16
Furnacgs to tube orend plates B.17
Plate preparation for butt-welded
seams B.18
Cross spams in end plates B.19
Access tube to end plate B.20

B.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-

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. ‘

B.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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B.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-
ditions.

It is recommended, however that such modifications
be approve

B.5 Notes applicable to the various types
of connegtions as specified In figures B.3 to
B.15

B.5.1 The| dimensions and shape of the detail cho-
sen can influence the feasibility and/or efficiency of
ultrasonic ¢xamination. This. may also be a function
of the equipment and time available. Where ultra-
sonic examlination is specified, these factors should
be given dye consideration.

B.5.2 When welds are made from one side only,
the penetration bead shall have a smooth contour
and be flat jor slightly convex. =~

B.5.3 The| use of ring-type compensation is not

suitable for

cases where there are severe tempera-

ture gradiepts.

B.5.4 wh

n ring-type reinforcement is used; the

B.6 Notes applicable to branches in
figures B.3 to B.12

B.6.1 Weld sizes

The sizes of the welds have been proportioned to
develop the full strength of the parts joined. See also
B.4.3 and B.4.4, as well as B.7.2.1.

B.6.2 Weld profiles

e : i : welds have
been shown as acceptable in the smal er sizes, in
general the latter are to be preferred betause 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 dlso B.4.1|and B.4.4.

B.7 Notes applicable to branches without
compensation rings In figures B.3 to B.7

B.7.1 Set-on branches

Consideration should be given to the necessity for

examining the shell plate for laminationg around the
branch hole when set-on branches are Used.

B:7.2 Set-in branches
B.7.21 Weld sizes

The type of branch to shell connections and the
sizes of welds employed may be influenced by sev-

material uged for the ring shall be of the same
nominal strength as that of the shell.

B.5.5 When partial penetration_joints are used,
root defects may be present and these cannot ai-
ways be dgtected or interpreted by means of non-
destructive|testing. The use”of partial penetration
joints is nof suitable for,cases where there are se-
vere temperature gradients, especially when these
are of fluctyating nature.

B.5.6 In addition 1o the necessily for care in se-
lecting we detalls for tube to tube plate con-
nections, s givenm—to—the

eral factors in the operational conditioffs for which

the boiler is designed. For general guid
annex, weld sizes have been shown for

ance in this

the various

connections recommended, based on the concept

that the welded joints should devel
strength in tension’ of the branch radial
as indicated in figures B.2 a) and B.2b).
it should therefore be unnecessary to
welds than those shown.

bp the full
to the shell
In general,

apply larger

The simple, though approximate, assu

mption has

welds should equal twice the branch thickness. It

been accepted that the total throat thicj?ess of the

has also been assumed that the weld

should be

choice of the welding and inspection techniques
used.

B.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.

B.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.

124

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 % of the shell
thickness as shown in figures B.2c¢) and B.2d). This
additional throat thickness is recommended to com-
pensate for the relative practical difficulty of apply-
ing perfectly sound welds in nhozzle connections and
of applying non-destructive tests for their exam-
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ination. These additional fillet welds are also in- B.8 Notes applicable to branches with

tended to provide a reasonable geometric profile,
and for practical reasons a minimum dimension of added compensation rings In figures B.10

6 mm has been applied to the fillet weld size. and B.11

There may be service conditions for which smaller B.8.1 General

welds are adequate. In such cases, when subject to

study by a competent engineer, the weld sizes may Compensation rings should be a close fit to the shell
be reduced. - and tell-tale holes should be provided in them.
B.7.2.2 Gap between branch and shell B.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- and the shell shouid
ing welding, particularly as the thickness of the parts
joined increases.

3 ween the branch
not ed 3 mim{ Wider gaps
increase the tendency to spontaneous gracking dur-
ing welding, particularly as the thickness of the parts
joined increases.

B.7.2.3 Removal of internal sharp edge in branch

bore B.9 Notes applicableto tube and to tube

plate connections

‘ it will be noted that the internal edges in the bores

of set-in bfanches are shown radiused, because a B.9.1 Tubes aré-welded to tube platels by several
stregs con entration occurs at this point. This pre- processes othér than manual metal-art welding to
caution is| recommended when the branch con- which thisDInternational Standard primarily refers
nection is [fully stressed or subjected to (atigue, but (see B.1):These include the oxy-acetylene gas and
may'not be necessary where these conditions do not atomié hydrogen processes where appropriate and
obtain. ‘ the TIG process, both manual and autoinatic, whose
o application in recent years has extended widely. The
B.7.2.4 Preparation of hole in shell connections recommended do not apply only to
: metal-arc welding in this sphere of application, and
In the case of set-in branches of the types shown in_“* " gelection of the connection to use must be largely
figures B.4to B.7 inclusive, the hole in the shell may influenced by the welding process to bé employed.

be cut and| profiled in two ways as follows.

' B.9.2 It is advisable to examine the tube plate for
a) The de

bth of the grooves B and D may-be con- laminations before machining.
stant afound the hole as shown in figure B.2e).
This, thie normal case, is the congegt upon which B.9.3 Tubes should be a close fit in their holes and

the drgwings have been prepafed’[see, for ex-

ample, [figure B.6 b)]. this may be achieved, for exampie, by light drifting.

B.9.4 Care should be taken to ensure [that the tube

b) Th ts of th id be i
‘ ) © ropls of the welc graoves may be In one ends and tube plate holes are clean before welding.

plane, jas, for examplg,\when they are machine

bored, [in which case-the depths of the grooves o :
will vhry around~'the hole as shown in B.9.5 The sharp edge on the inside| of the tube

figure B.21). plate hole should be removed where there is a risk
' of damage to the tube by fretting in seryice.
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Dimensions in millimetres

@ &

€rh
51
3
N
x §
™
N NNE
/ // N\/\ p % \\NANNNNN} g
-l t
12 PNNEEH . AN
g2
gz
o =45 min, 15t0 2,5 when e, < 9.5
s1=15t025 917 {25t04 whene =95
§,=0t03 g2 (see note 2)
@ .
€rh b
11X 54
/7 l / \ /
N “ &
a 4 "n
\ A | 5
) 3;3 - 4 -
/ // ] W - ~
G/ NN\ :
g2
x(=215°1035" g, =15t03 b=0to3
sy9=2to3 gz (seanote2) r=6to13
§,=2%t03 ‘
NOTES
1 These regcommendations have been included for general guidance. Discretion must be used in applying [the maximum
and minimum dimensiong-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 recpmmended that in no case should the gap between the branch and shell exceed 3. Wider gapq increase the
tendency tq spontaneous cracking during welding, particularly as the thickness of the parts joined increases,

Figure B.1 — Standard weld preparation details
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Dimensions. in millimetres

e e e e
N N 1Y
< < N Y N <
N N \
Y N // &l N \
NN NN \
S NNA ° N
Pasd
7
? <
X X
| Weld sipes Weld sizes Weld sizes ; Weld-sizes
(B, +F))+(By+ Fy =28 (B, +F)+D~2e Fi=e/10or 6 Fz=e/30r6
whichever Is larger whichever Is langer
‘ B.2a) B.2b) B.2c) B.2d)
| @ !
l F m | %
B.2¢) B.2f)
Figure B.2 — Weld preparation detalls for set-in branches
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Dimensions in millimetres

22,

T

A

l

|

|
mo
4|
Qe

L= %’E min., but not Less than 6

E‘T

NOTE - Preference should be given to the detall shawn In B.3b)
It e ., exceeds about 16.

B.3a)
€ L

|
i
|
|
|
|

= 55@ min., but not less than &

B.3hb)

NOTE — For fetails @ and @ see. figure B.1.

Figure B.3 — Set-on branches
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Dimensions in millimetres

N\

E\f\\\\\\\\\

N

//
\— Optional

W

%
NN ¥

@@

e
Fqy= — min. or 6, whichever Is larger

10
B.4a)

<
>

MNRY ¢

€3or(3)-

Fa= -eff min. or 6, whichever Is Larger
NOTES
1 Full penptration connections.)Generally used when e, is greater than e./2.

2 For detgils and @ see figure B.1.

Figure B.4 — Set-in branches
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M

NN

Dimensions in millimetres

NOTES
1 Full penet

2 For details

il

§

€or(3)-

8

10

3

Fq= min. or 6, whichever s larger

[]
Fam= _é"_’ min: or 6, whichever Is Larger

B.5b)

[ation connections(Generally used when e, is greater than ¢,/2.

and @, see-figure B.1.

Figure B.5 — Set-in branches
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Dimensions in millimetres

\

/— Optionat

NN

DN
N

/7
A// 5 j 1Y * \-pptlonal ¥
@)or(ID) -
s=15t025 @

e
Fqy= Tg: min. or 6, whichever is larger

® B.6n)

N

{ N Ve Optional
|
|

K" T
L) / [ P
'///// S o
224 I 4
/ tstssad oW N” -
Q
£
L'
s=15t025
Fa= 5;'—" min. or 6, whichever Is Larger

B.6b)
NOTES
1 Full penjetration connectiohs)with asymmetrical butt joints.
2 For details and @, see figure B.1.

Figure B.6 — Set-in branches
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Dimensions in millimetres

L= %"—'-’ min., but not less than 6

e .= 16 max.

P AR

SKOES

N
_OraESH

L= 55'1'9 mins.but not less than 6

e.¢= 25mux.

NOTES

1 Full pendtration connections welded from one side only.
2 For details and @, seefigure B.1.

3 As a genpral recommendation, all set-in branches should be welded on the inside of the shell as shown
to B.6 if they are accessible for the purpose; otherwise preference should be given to set-on branch connectid

n figures B.4
NS as shown

in figure B.3,| However,the connections shown above in figures B.7 a) and B.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 cd
uniform penetration,

nditions with

Figure B.7 — Set-in branches
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Conventlonal butt Joint ——

Sea B.5.1and B.5.2

DNNRRNNNNNNY

NERIINMINNNNNNY

|
|
|
|
|
|
|

NOTE — Fofging should bé to good practice and within the correct range of temperature for, the material used.

Figure B.8 — Forged branch connections

oe B.5.1and B.5.2 Conventional butt Joints

S¢e B.5.1and B.5;:2

The parallel portion should be syfficiently
long to permit satisfuctory radlagraphic
examination when required

//

rs

NOTE — Conventional butt joints are used to connect the forging to the shell and may not necessarily be of the form shown.
See also B.4.1 and B.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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15° mip,

/

~ ) 1 &

L

4
4
W

e given to this detall /
eld slze Is Increased
62012 ‘

SeeBan TS0 00,

Figure B.10 — Set-on branches-with added compensation rings

A\
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Dimensions in millimetres

L)
&
™

Tell-tale hole E =10 min.

em
15* min. L= 3 min., but not less than é

AN >
'~ 1] ’I
\\\‘ ‘) } ,I'
{ \ y , For shelt>to-branch Jolntg,
\ ORI A AR S sea(flgures B.4 to B.6
Conslderation may be given to this detall X .E

as the required weld slze Increases 1
€2or(@) :

S T T )

Figure B.11 — Set-in branches with added compensation rings
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Dimensions In millimetres

| (B
N
il 5
1§ l
L

l Conventlonal

i / butt Joint

B8.12¢)

See B.4.2
NOTE - For details @ and @ see figure B.}

Figure-B.12 — Butt-welded studded connections
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Dimensions in miilimetres

Generally machined after welding

/ Weld slzes
C=eun
4 B=ew

A =e . min, after muchinlng
H--— flange to final thickness

®N\%//z SeeB.5.5

7
RLUMTTIURTRINY &

To project when assembled for welding

B.13a) Fuce and back welded flange

Generally machined after welding

Weld sizes
/ C=e b
B=en
A BEy, /2 but 5 min,, after machining

w1 flange to final thickness

% SeeBS5

7
A

B.13b) 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 sGm of the clearances diametrically opposite should not exceed 5.

Figure B.13 — Flanges
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NOTE — See B.5.2.

\ Conventional

butt Jolnt

Figure B.14 — Weld neck flange
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Dimensions in millimetres

See note 2

20"
10"

See note 1 45"

35°
r=5t010 /

NOTES

L
<
L

€ rep tep

B.15a) Construction for set-In end plates

See note 1

B.15b) Alternatlve construction for sef-in end plates

1 The |ﬂmpe of the internal fillet weld should be concave. The ratio of the leg lengths, shell to end pigte, should be

approxi

2 The ube of the minimum-angle should-be associated with the maximum radius » of 10. Conversely,
angle shguld be associated with the minimum radius » of 5.

ately 4:3 and the minimum throat thickness should be ‘related to the shell thickness as follows:

Shell thickness, ¢, Minimum throat thickness
&g < 12 4
12< e, <16 5
e > 16 6

Figure B.15(= Attachment of unflanged flat end plates or tube plates to sheill

he maximum
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o}

|
|
|

/

\

= Gas box flange (it required)
l’/— Weld profile and radius » to be obtained

See note 3

Dimension

Saee note 3

W file and radlus r t
by weld deposition and subsequent machining eld profite and radlus r fo

Conventional single-sided

Conventional butt Joint butt Joint (see note 2)

(see note 2)

—

AANNNNMNNY

AMMMMINNNS

s in millimetres

be obtalned

by weld deposition and subsequent machining

Ny .~

=

IANE

r =5-;59. but riotLess than 10

/i- r =-€—EB , but not less than 10

€ rgp

1 Figures B.15¢) and B.15d) are for attachment of end plates to shell in waste-heat boilers when there
lamellar teafing of the shell plate.

2 Conventi

3 When a

4 Taking in

be such as

t

5 The weld

140

pnal butt joints are used and may not necessarily be of the form shown.

o account the stress conditions, the junctions of the internal welded seams with the surface of th
b avoid any notch effects. ‘

ng procedure shall ensure sound and consistent root conditions and uniform penetration.

Figure BA5 ' Attachment of unflanged flat end plates or tube plates to shell (concluded)

B.15¢) Construction for set-on end B.15d) Construction for set-on end plates where
plates (see notes 1, 2, 3 and 4) Internal access Is Limited (see notes 1, 2, 3 ahd 5)

is danger of

T\s box flange is attached by-welding as shown, a machined groove to reduce stress concentratior| is preferred.

b plates shall ‘
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Dimensions in millimetres

& ieom o 30
S

NOTE - The use of the minimum angle should be assoclated with the
maximum radlus 7 of 10. Conversely, the maximum angle should be
assoclated with the minimum radius r of 5.

B.16b)

Figure.B.16 — Attachment of end plates or tube plates to reversal chamber wrapper plates
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Dimensions in millimetres

Leg length

3 max.

70* N

\\// o // ol 3 max.
S | /
(::ee' e o) %0° ﬁ%/////%%ﬁ e

r =St 10

.

€ rep

NOTE - The use of‘the minimum angle should be assoclated with the
maximum radius P of 10. Conversely, the maximum angle should be
assoclated w @ minimum radlus r of 5.

B.16d) B.16e)

Figure B.16 — Attachment of end plates or tube plates to reversal chamber wrapper plates (concluded)
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Dimensions in millimetres

3 max. €rep

/\\ ) 3 max, er‘fp—*\
/ / ]

/

. %" ///

Seerarer W0 [ o)

< a9 &
= 2ot = Lot
—-——2—-- 3 max. 2 3 max.
‘ {See note 3) (See note 3)
B.17a) B.17b}

‘ NOTES

1 The sL\ape of the intérnal fillet weld should be concave. The ratio of the leg lengths, furnace to tube plate or end plate,

should bp approxigately 4:3 and the minimum throat thickness should be related to the furnace thickness as follows:
Furnace plate thickness, ¢, Minimum throat thickness
ep< 12 : 4
12<e;< 16 5
er> 16 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 ¢,/2 is only required when the furnace end is ekposed to flame or comparably
high temperature. ‘

Figure B.17 — Attachment of furnaces to tube plates or end plates (dished or flat)
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Dimensions in millimetres

See note 1
20°
See note 1 See note 2 10°
20° ;
» 3
10 0
Q. 1n
o
Q1n
m <« LLLLLLLLA
-\\\\\\\\\\\
L]
0 r=5t010
[r=5ta 10
B.18u) B.18b})

60" min, 60° min.

mo
72777777
é
3
60° min,
B.18c) B.18d)

NOTES

1 The use ¢f the minimum gap and the minimuny arngle should be associated with the maximum radius r of 10| Conversely,
the maximum gap and the maximum angle should be assaciated with the minimum radius » of 5.

2 Gouge oyt before applying weld from the'second side.

igure B.18 — Plate preparation for butt-welded longitudinal and circumferential seamsg

Dimensiong in mitllimetres

o ,,,,./T;" OO,y = - I\.r//,////, 77 7
Ni=4{t,- II’1 ), but not less than 38 Where ?,-t, does not exceef;
B50) B9t

NOTE — V-preparation may be used as an alternative.

Figure B.19 — Cross seams in end plates
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End plate —\

25
15

ISO 5730:1992(E)

Dimensions in millimetres

\
Access tube 15

" ARl ity

Atcess tube

NOTE - Thelise of the minimum angle should be associated with the
maximum'rodlus 7 of 10. Conversely, the maximum angle should be
assoclated with the minimum radius r of 5.

B.20b)

Figure B.20 — Attachment of access tube to end plate
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C.1 General

Annex C
(informative)

Calculation of tube plate temperatures

b) by thermal conduction through the tube plate and

tube walls from the tube plate face and tube in-

This anne 8 2Ces, assum-
the hot-fake metal temperature and the average ing adequate thermal rontact betwgen tube and
(design) t¢mperature of tube plates within the tube plate, and
nest. ¢) by nucleate boiling from thieywater sjde surfaces.
The calculation takes into account the effects under
steady conditions of heat transfer The method and design{curves have |been devel-
oped from published heat transfer datal and contain
a) from the hot gas to the tube plate face and tube some simplifying approximations which tend to be
inside purfaces by convection, including the tube self-compensating: Calculated and melasured tem-
entrange effect, and radiation, including radiation  peratures have shown good agreement where com-
interchhnge in the reversal chamber, plete data are available.
C.2 Symbols
a Heat input area to the tube plate element from the tube'plate face (see figure C.8). mm?2
A Heat input area to the tube plate element from the tube inside surfaces (see figure C.7). | mm?2
Ac Tgtal effective water-cooled surface area inthe reversal chamber. mm?2
Ag Tatal refractory surface area in the reversal chamber. mm?2
C Correction factor for tube to tube plate contact thermal resistance.
d Ingide diameter of the convection. tube. mm
D Reversal chamber inside diameter (for cylindrical chambers). mm
e Tybe plate thickness. mm
F Oyerall exchange factonfor radiation interchange in the reversal chamber (see
figure C.2).
G Tybe specific gas-flow rate. kg/(m?2-s)
hee  Tybe entrance’convection coefficient (see figure C.6). W/(m2-K)
hco Corrected-basis convection coefficient (see figure C.5). W/(m2-K)
Weo Hypothetical basis convection coefficient (see figure C.4). W/{m2-K)
Ay Tybe plate thermal conductance. W/(m2-K)
Ay Radiation coefficient for the tube plate face. W/(m2-K)
e Radiation coefficient for black exchange (see figure C.14). W/(m2-K)
h Weighted average heal transfer coefficient. W/(m2-K)
L Reversal chamber inside length {for cylindrical chambers). mm
Ly Reversal chamber radiation beam length. mm
N Water side constant, = 4000, W/(m2-K)
p Average pitch between the tube centres. mm
t Tube plate average (design) temperature. °C
tc Initial estimate of ¢, °C
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True gas temperature at the tube entrance.
Tube plate hot-face metal temperature.
Boiler water temperature.

A—v:‘;ma?fﬁ*

Tube plate thermal conductivity:
for steel grades 460 and 490, = 40000;
for steel grades 400 and 430, = 45000.

ISO 5730:1992(E)

°C
°C
°C

Tube plate average temperature factor (see figure C.12).
Heat transfer factor for the tube plate element (see figure C.10).

W-mm/(m2-K)

@ Tube plate hot-face temperature factor (see figure C.11).

C.3 Calculation method

C.3.1 Rpdiation coefficients

Determing the radiation coefficient A'; for black ex-
change, ile. emissivity = 1, F = 1, from figure C.1.
The gas femperature {; at tube entry shall be the
true valug as would be measured by a multishield
high-velogity suction pyrometer. (An ordinary
thermocopple will always read low; the error may
be up to B00 °C.) Assume an initial value ¢; for the
tube plate hot-face metal temperature. Typical val-
ues shown on figureC.1 will usually avoid the
neccessity for reiteration.

The emispivity 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 gag mixtures, the gas emissivity. should be
determinged from a text on radiant\heat transfer,

e.g. [1]
The radiation beam length far-a-cylindrical reversal
chamber |s given by the following formula:

0,83L
Ie= |LiD+05

For champers which are not cylindrical, the radiation
beam lenpth.s\given by the following formula:

Ve

For chambers containing refractorylinings Ag/A¢ is
the ratio of the total effective (reflecting) refractory
surface area to the effective cooled (absorbing) sur-
face area in the chamber.

Ac includes the total @rea enclosed wjthin the tube
plate perimeter, i.eCno reduction for jube holes or
the furnace opening:

Ag/Ac for cylindrical chambers may| be obtained
from figureC,3.

For fully.water-cooled chambers Az/Aq = O.

figure C.2, then the radiation coefficient for the tube
plate face is given by the following formula:

hg = Fh'g

Determine the overall exchange fa:::tor F from

Radiation to the tube inside surfaces|is taken: into
account by use of the coefficient 0,54z in the
equation for the weighted average hegt transfer co-
efficient 4, (see C.3.3). ‘

C.3.2 Convection coefficients

The hypothetical basis convection coefficient A, is
dependent on the specific gas flow rate G in the
convection tubes and on the tube ingide diameter

d. For the products of combustion of oi

fuels, natural

gas and coal, determine A4'co from figyre C.4. Deter-

mine the correction factor Aco/H o for
gas temperature from figure C.5. Then

the tube entry
the corrected

basis convection coefficient for fully developed tube

flow at temperature ¢; is given by the

following for-

=33=
LB ACS

where
Ve  is the chamber volume;
Acg 18 the chamber surface area.

In calculating the chamber surface area no re-
duction shall be made for tube holes or the furnace
opening.

1
Hiuvid.

heo = H'co (_hc_g_)

]
hCO

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 A, may be deduced from the
equation for fully developed flow inside tubes as
follows:

Nu=0,023Re%® pr*%
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where

Nu

Re

Pr

is the Nusselt number, based on the tube
inside diameter d;

is the Reynolds number, based on the
tube inside diameter d;

is the Prandtl number;

(see, for example, [1]).

Determine

entrance re

convection
face over
tube plate,

Convective)
taken into

the correction factor Acg/hco for the tube

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 [2]:

coefficient, Acg, for the tube inside sur-
he effective length for heat input to the
is given by the following formula:

hce = hco(%)

heat transfer to the tube plate face is
account by the use of the coefficient Aco

in the equation for the weighted average heat

transfer co

efficient Ay (see C.3.3).

C.3.3 Wellghted average gas-side heat

transfer ¢

pefficient

surfaces apd planes containing tube centre-lines,

For the tutE plate element, bounded by tube inside

the heat in

ut areas A (tube inside surfaces) and a

{tube plate face) are determined from figures C.7

and C.8.

The weigh
then calcul

ml(’\

ed average heat transfer coefficient is
hted as follows: o

4 (hee +05h) + 5 Geg )

C =04

A a
(7+§?)

.9 for tubes“expanded only;

5fortubes expanded and welded;

r
tM=ZS+15+([G—tS) l"]—ﬁﬁ)—]

t=tg+ 15+ (ig — Ig) [1"—1—4"-—(—:%/35—J

The factors u, ¢ and 8, are-dependent gn A/a (from

figure C.9) and on AJjh,-and are obtaingd from fig- .

ures C.10to C.12,

C.4 Example of a calculation catried out
using the method given in C.3

C.4.1 Design data assumed

Fuel: natural gas

Boiler: multitubular waste heat with reflactory-lined
hot-gas chamber

Specified inlet gas temperature: 900 °C
Boiler design pressure: 1,1 N/mm?2
Saturation temperature: ig = 188 °C
Boiler tubes:

inside diameter d = 56,3 mm

pitch, triangular p = 88 mm

gas flow rate G = 11 kg/(m2-s)

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: '

=%
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thickness ¢ = 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 = 41800 mm

inside length L = 1000 mm

C.4.2 Calculation of radiation coefficient

ISO 5730:1992(E)

From figure C.7, A/d® = 0,6, where e/d = 0,391, trian-
gular pitch.

From figure C.8, a/d® = 0,67, where p/d = 88/56,3
= 1,563.

For tubes expanded and welded C = 0,95.

Therefore,
_ 0,95{0,6(168,5 + 0,5 x 107,3)] + 0,67(58,1 + 107,3)
b= 0,6 4- 0,67
The calculation of the radiation coefficient A is car- = 187 W/(m?‘-K)

ried out :F‘wscrmeu mC3T

From figureC.1, using . an assumed value of
- = 350 °C indicated by the typical dry back curve,
W = 188 W/(m2K).

Radiation|beam length

0,83 x 1 000

L = =
® = {1000/ 800) + 0.5 /o0 mm

From figufe C.3, Ag/4. = 3,15 where L/D = 0,555.

From figute C.2, FF = 0,58.

Therefore
hx = 0,58 x 185 = 107,3 W/(m2-K)

C.4.3 Calculation of convection coefficients

The calcylation of convection coefficients A, and
hce is carfied out as described in C.3.2.

From figufe C.4, A'co = 61 W/{m2-K).

From figure C.5, AcofH co = 0,952.

Therefore
heo =161 x 0,952 = 58,1-W/(m2-K)

From figufe C.6, Acglhco =)2.9, where efd = 22/56,3
= 0,391.

Therefore

hee = 584X 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 A, is carried out as described
in C3.8.

C.4.5 Calculation of tube plate thlrmal
conductance

The calculation of the Otube plate thermal
conductance A, is carriedrout as desciibed in C.3.4.

For 430 grade steel>A—= 45000 W-mm/(m2-K) (see
C.2). Therefore,

_ 45000
=75

C.4.6 -Calculation of tube plate temperatures

= 2045 W/(m2K)

Thescalculation of tube plate temperatures ¢ and ¢
islcarried out as described in C.3.6.

Ay 187
-—hr'“— = m = 0,091 44

From figure C.9, A/a = 0,9.
From figures C.10, C.11 and C.12,

n=1,72

¢ =0,885

B =0,935
Therefore, the tube plate hot-face meta| temperature
is given by

= 188 + 15 4 (800 — 188) x

0,885
1-— : =332 °
* [ 1+ (1,72 X 187)/4 000 ] 2°C

d is therefore
satisfactory.

The tube plate average (design) metal temperature
is given by
t=188 4 15 + (900 — 188) x

0,035
1— : =209 °
% [ 1+ (1,72 x 187)4 000 ] 299 °C
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Figure C.3 — Ap/Ac for a cylindrical chamber with diameter D and length L ,

br a hon-cylindrical chamber, include the total superfi‘cial area of the tube plate in A¢ (no reductio

h for tube holes
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Annex D
(informative)

Feed-water and boiler water quality

D.1 Introduction

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-

D.1.2 Thg 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 watpr given in tables D.1 to D.3 are adhered
to, the esgential prerequisites for safe and trouble-
free opergtion of the steam generator should exist.
As well ag the basic ideas relating to safety engin-
eering aspects, economic aspects have also been
taken into[consideration.

The guidapce conditions apply to new plant. How-
ever, application.of these conditions to plant already
in operati¢n is also advised if trouble due to water
chemistry |is likely to impair the operational’safety
and reliabllity of the plant.

D.1.3 The observance of the necessary waler
quality should be controlled acecording to works or
factory instructions and the -tesults of water
measurements should be recorded.

D.2 | Fagtors to be considered

D.21 General

In shell bojlers, all substances except those volatlle
if steam, wWhich are
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 subsiances contained in the boiler water will
affect the corrosive properties of the water and the

162

ing temperature, thus favouring  ddposits from
supersaturated soltutions, concentration should be
limited (see tables D.2 and D.3).

D.2.2 Corrosion

The material predominantly used in pteam boiler
plants is steel and tHis)is attacked by bgth water and
steam. However, Ynder suitable condifions, the at-
tack will lead to‘the formation of a prgtective layer
adherent to_thé metal, i.e. a magnetitg layer which
impedes further attack by water and stpam, thus ef-
fecting < self-inhibition of the corropive action.
Magnetite protective layers,-as well ag other com-
parable layers on other materials, are indispensable
toavoid 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. Qwing 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 emulsjfied 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

i j and lead to de-

posnts 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
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