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Manufacturers, statutory authorities
and users of equipment will find in
thiz book valu guidance on
minimum enginéering requirements
for safe and efficient design,
construction, installation, i tion,
testing and certification @ :;n_wim
welded pressure vessels mlade of
ferrous as well as non-ferrous
metals. The Code has three
seciions covering -
a) materigls and desighs;
b) fabrication and welding; and
c) i tion. testing, marking and
records.
It is applicable 1o stationary
pressure vessels, such
as chemical reactors, petroleum
cracking wmits, digesters, heat
exchangers, impregnating vessels,
vacuum pans and vecwum
separators. The Code, however,
excludes vessels coming under the
Indian Boilers Act, 1923 and Gas
Cylinder Rules, 1940, vessels for
muclear energy applications, vessels
in which internal pressure is due
solely to the static head of the
liguids, and vessels designed for
iﬂ"ﬂﬂff exet?dmg 200 kg_f}c:;‘.
proper implementation of the
Code will help in bringing siz
economies al various levels
a) at design level by simplifyving
ign procedures;
b) at fabrication and construction
level by minimizing the need for
independent detailed decisions by
inspeciors,
c) at m:c:ﬂlmxe and supply level
by rationalization of inspection and
acceptance procedures;
d) at operation level by ensuring

appropriate supervision, repairs
control on working pressures
during service.
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0. FOREWORD

9.1 This Indian Standard was adopted by the
Indian Standards Institution on 19 March 1969,
after the draft finalized by the Unfired Pressure
Vessels Sectional Committee had been approved
by the Mechanical Engineering Division Council.

0.2 Pressure vessels are widely used in chemical
and petroleum industries, for generation of steam
and for storage and conveyance of compressed and
liquefied gases.

0.3 Boilers and similar steam raising equipment
and gas cylinders meant for storage and conveyance
of compressed and liquefied gases are covered by
statutory regulations in this country. Pressure
vessels not coming under the purview of these
regulations are not covered comprehensively under
any other regulations, though the Indian Factories
Act, 1948 and the Rules made thereunder touch
upon certain aspects. It was felt, therefore, that a
code of practice covering unfired pressure vessels
should be prepared.

0.4 Safety of pressure vessels is important and,
therefore, it is recommended that pressure vessels
are obtained from reliable manufacturers and
are manufactured under the survey of a compe-
tent engineering inspection authority or organiza-
tion, The intent of this requirement may be
regarded as satisfied when inspection is carried out
by a competent personnel of a separate engineering
inspection department maintained by ‘the pur-
chaser of the vessel. An inspection department
maintained by the manufacturer does not satisfy
the requirements except in the case of vessels for
the manufacturer’s own use and not for resale
provided the requirements of statutory regulations
are met with,

0.5 Proper inspection of pressure vessels in opera-
tion is as important as proper design and manu-
facture. For the information of the user of the
vessel, details of inspection during service are
included in Appendix N.

0.6 All pressures in the code, unless otherwise
specified, are gauge pressures,

0.7 In the preparation of this code, considerable
assistance has been derived from the following

18,2823 - 1969

publications:

ISO/R 831-1968 Rules for construction of
stationary boilers. International Organi-
zation for Standardization.

INSTA 20/Sekr. 37-1957 Recommendation
regarding welded pressure vessels, Part I:
Rules for construction. Dansk Standardi-
seringsraad ( Denmark ).

AD Merkblatt H, SchweiBen von Druckbehal-
tern aus Stahl, 1960 ( Welding of steel pres-
sure vessels ).  Vereinigung der Technishen
Uberwachungs-Vereine.

Swedish Pressure vessel code 1959. The
pressure vessel commission, the Royal Swe-
dish Academy of Engineering Sciences,
Stockholm.

Swedish Code for welding of pressure vessels
( boiler welding code ). The Royal Swedish
Academy  of Engineering Sciences,
Stockholm.

B.S. 1500 :- Fusion welded pressure vessels for
use in the chemical, petroleum and allied
industries.

Part 1 : 1958 Carbon and low alloy steels.

Part 3: 1965 Aluminium. British Standards
Institution.

B.S. 1515: Part I: 1965 Fusion welded pressure
vessels ( advanced design and construction )
for use in the chemical, petroleum and allied
industries. Part I:Carbon and ferritic
alloy steels. British Standards Institution,

B.S. 1515 Part I1: 1968 Austenitic steel fusion
welded pressure vessels ~{ advanced design
and construction ) for use in the chemical,
petroleum and allied industries. British
Standards Institution.

ASME Boilér and pressure vessel code 1968,
The American Society of Mechanical
Engineers, New York.

Account has also been taken of the work
to date done by ISO/TC 11 Boilers and
Pressure Vessels,
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1. GENERAL

1.1 Scope

1.1.1 This code covers minimum construction
requirements for the design, fabrication, inspec-
tion, testing and certification of fusion welded
unfired pressure vessels in ferrous as well as in
non-ferrous metals.

1.1.1.1 This code does not include the
following:
a) Vessels designed for pressure exceeding
200 kgf/cm?;
b) When the ratio of outside to inside dia

( Do/D; ) of the shell exceeds 1-5;

¢) Hot water supply storage tanks heated by
steam or any other indirect means when
none of the following limitations 1s
exceeded:

1) a heat input of 50 000 kcal/h,
2) water temperature of 110°C,
3) a nominal water capacity of 500 litres;

d) Vessels having an internal operating pres-
sure not exceeding 1 kgf/cm? with no limi-

tations on size;

€) Vessels having an internal diameter not
exceeding 150 mm with no limitations on

pressure;

f) Steam boilers, steam and feed pipes and
their fittings coming under the purview
of Indian Boilers Act, 1923, or any revision
thercon;

g) Vessels in which internal pressure is due
solely to the static head of liquid;

h) Vessels with a nominal water capacity of
500 litres or less for containing water under
pressure including those containing air,
the compression of which serves only as a
cushion;

j) Vessels for nuclear energy application; and

k) Vessels, receivers and tanks covered by
other Indian Standards.

1.1.1.2 Nothing in this standard is intended
to centravene any provision of the Indian Factories
Act. 1948; Indian Boilers Act, 1923; Gas Cylinder
Rules, 1940 or any regulations made thereunder.

1.1.2 Fabrication by any fusion welding process
is acceptable provided that the requirements of
the procedure qualification tests { see 7.1 ) are met
and are acceptable to the inspecting authority.

1.2 Terminology

1.2.0 For the purpose of this code, the following
definitions shall apply.

IS : 2825 - 1969

1.2.1 Pressure Vessels — All vessels, pipe lines
and the like for carrying, storing or receiving
steam, gases or liquids at pressures above the
atmospheric pressure. The external branches
and pipe lines covered by this code shall terminate
at the first point of connection by bolting, screwing
or welding to the connecting piping.

1.2.2 Maximum Working Pressure — The maxi-
mum gauge pressure, at the co-incident metal
temperature, that is permitted for the vessel in
operation. It is determined by the technical
requirements of the process,

1.2.3 Design Pressure — The pressure ( internal
or external ) including the static head used in the
design calculations of a vessel for purpose of
determining the minimum thickness of the various
component parts of the vessel,

1.2.3.1 It is obtained by adding a minimum
of five percent or as may be agreed between the
purchaser and the manufacturer, to the maximum
working pressure. In the case of vessels subject
to inside vacuum and external pressure on the
outside, the maximum difference in pressure
between the inside and outside of the vessel shall
be taken into account.

1.2.4 Design  Temperature — The temperature
used in design shall not be less than the mean metal
temperature ( through the thickness) expected
under the operating conditions for the parts
considered except that for parts subject to direct
radiations and/or the products of combustion
when it shall not be less than the maximum surface
temperature expected under operating conditions,
In no case shall the temperature at the surface of
the metal exceed the maximum temperature
listed in the stress tables for materials nor exceed
the temperature limitations specified elsewhere
in the code.

1.2.4.1 When the occurrence of different
metal temperatures during operation can be
definitely predicted for different zones of a vessel,
the design of the different zones may be based on
their predicted temperatures. When sudden cyclic
changcs in temperature are apt to occur in normal
operation witi{ only minor pressure fluctuations,
the design shpll be governed by the highest
probable operating metal temperature (or the
lowest, for temperatures helow —20°C ) and the
corresponding pressure.

1.2.4.2 For vessels where direct internal
heati:g is employed or severe exothermic reactions
take place, the design temperature shall be at
least 25 deg or more than the maximum tempera-
ture expected.

1.2.4.3 In case of lined vessels where the
wall temperature is expected to be substantially
lower than the temperature of contents of the vessel,
the design temperature is a matter for agreement
between the purchaser and the manufacturer.
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1.2.5 Minimum Thickness — The thickness ob-
tained by calculation according to formulae
in the code. This is only a minimum value and
requires to be increased to allow for other factors
affecting the use of the vessel as noted below.

1.2.5.1 Vessels or parts of vessels subject to
corrosion and erosion { mechanical abrasion ) shall
bave provision made to cover the total amount of
the deterioration anticipated over the desired life
of the equipment. The actual allowance is a
matter for careful consideration and agreement
between the purchaser and the manufacturer
( see also 3.2).

1.2.5.2 Provision for additional allowances
should be made to take care of additional stresses
due to:
a) impact loads, including rapidly fluctuating
pressure;
b) weight of the vessel and contents under
operating and test conditions;

¢) superimposed loads, such as other vessels,
platforms and ladders, piping, insulation,
and corrosion or erosion resistant lining;

d) wind loads and earthquake loads where
rcquired;
e) thermal stresses; and

f) reactions of supporting lugs, ring, saddles
or other types of supports.

1.2.6 Weld Foint Efficiency Factor (J)— The
ratio of an arbitrary strength of the welded joint
to the strength of the plates welded expressed as
a decimal.

1.2.7 Ligament Efficiency — The ratio of the
strength of a ligament to that of the unpierced
plate, expressed as a decimal.

1.2.8 Post-Weld Heat Treatment — Heat treat-
ment of a vessel or portion of it at a predetermined
temperature, to relieve the major portion of the
residual stresses.

1.2.9 Allowable Stress Value — The maximum
stress permissible at the design temperature for any
specified material.

1.2.10 Inspecting Authority — Duly  authorized
representative of the purchaser or any other compe-
tent authority recognized by the statutory regula-
tions to inspect the vessel and determine its accepta-
bility or otherwise on the basis of this specification.

1.2.11 Fusion Welding* — Fusion welding shall
mean any welding process in which the weld is
made between metals in a state of fusion without
hammering or pressurc. It includes arc welding,
gas welding, thermit welding, electron-beam
welding and electro-slag welding.

- *For other terms relating to welding and cutting, see
definitiuns given in 18 : 812-1957 ¢ Glossary of terms relating
to welding and cutting of metals *. :

6

1.3 Classification

"1.3.1 The welded pressure vessels covered by
this code shall conform to one of the classes shown
in Table 1.1. Each class of construction provides
for the use in design, of a joint efficiency factor
associated with the material, quality control
inspection and tests prescribed for that class.

1.3.1.1 Class 1 vessels

a) Vessels that are to contain lethal or toxic
substances™,

b) Vessels designed for operation helow —20°C,
and

¢} Vessels intended for any other operation not
stipulated hers in but as agreed to between
the purchaser and the manufacturer.

All welded joints of categories A and B of
Class 1 vessels shall meet the requirements stipulat-
ed in col 3 of Table 1.1. All butt joints shall be
fully radiographed. Circumferential butt joints
in nozzles, branches and sumps not exceeding
250 mm inside diameter and 28 mm wall thick-
ness need not be radiographed.

The term ‘ category ’ as used above specifies the
location of the joint in a vessel but not the type of
joint. These categories are intended for specifying
the special requirements regarding the joint type
and degree of inspection for certain locations.
The joints included in each category are designat-
ed as joints of categories A, B, C and D as shown
in Fig. 1.1 and described below:

a) Category A — Longitudinal welded joints
within the main shell, communicating
chamberst, transitions in diameter and
nozzles; any welded joint within a formed .
or flat head.

b) Category B — Circumferential welded. joints
within the main shell, communicating
chamberst, nozzles and transitions in
diameter including joints between the
transition and a cylinder at either the large
or small end; circumferential welded joints
connecting formed heads to main shells,
to transitions in diameter, to nozzles, and
to communicating chambers.

*By ¢ Lethal substances’ are meant poisonous gases or
liquids of such a nature that a very small amount of the gas
or of the vapour of the liquid mixed or unmixed with air is
dangerous to life when inhaled. For purposes of the code
this class includes substances of this nature which are stored
under pressure or generate a pressure if stored in a closed
vessel. Some such substances are hyvdrocyanic acid, carbonyl
chloride, cyanogen, mustard gas, and xylyl bromide. For
the purposes of this code any liquefied petrolcum gas (such
as propane, butane, butadiene ), natural gas and vapours of
any other petroleum products arc not classified as lethal
substances. See also Apperdix III of Intcrnational Labour
Office’s Model Code of Saf:ty Regulation for Industrial
Establishments, for the Guidance of Governments and
Industry (1954).

+Communicating chambers arc defined as appurtenances
to the vessel which intersect the shell or heads of a vessel and
form an integral part of the pressurc containing enclosures,
for example, sumps. :



c) Category C — Welded joints connecting
flanges, van stone laps, tube sheets, and
flat heads to main shells, to formed heads,
to transitions in diameter, to nozzles or to
communicating chambers*, and any welded
joint connecting one side platet to another
side plate of a flat sided vessel.

18: 2825 - 1969

d) Category D — Welded joints connecting
communicating chambers* or nozzles to
main shells, to spheres, to transitions in
diameter, to heads and to flat sided vessels,
and those joints connecting nozzles to
communicating chambers* ( for nozzles at
the small end of a transition in diameter,
see Category B ).

a P30
Y
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D

Fic. 1.1 WeLpep Joint LocaTion TypicaL or CATEGORIES A, B, C anp D

TABLE 1.1 CLASSIFICATION OF PRESSURE VESSELS

( Clause 1.3.1)

Su REQUIREMENT Crass | Crass 2 Crass 3

No. — A iy

m 2 3 @ ) (6) M

1. Weld joint efi- 1-00 0-85 070 0-60 0°50

ciency factor (J)

2. Radiography Fully radiograph- = Spot radiograph- No radiograph No radiography No radiography
ed ( Radiography ed ( Radiography Py grep 8
A) see 8.7.1 B) see 8.7.

3. Limitations
a) Permissible

Any material al-
plate material

lowed under 2.1
except steels to
IS : 226-1962¢
IS: 961-1962¢
IS : 2062-1962%
1S : 3039-1965}

Any material al-
lowed under 2.1
except steels to
1S: 226-1962*
IS: 961-1962%
1S : 2062-1962%
1S : 3039-1965)|

Carbon and low Carbon and low

Carbon and low

alloy steels to alloy stecels to alloy steels to

15:226-1962* IS: 226-1962* IS :226-1962*
IS:961-1962t 1S: 961-1962t IS : 961-1962¢
IS: 2062-1962% 1S: 2062-1962¢  IS: 2062-1962%
IS:2041-1962% 1S:2041-1962§  1S:2041-1962§
1S:1570-1961Y  1S:1570-19619  IS: 1570-1961%
IS:2002-1965%* IS:2002-1965** 1S:2002-1965%*

1S : 3039-1965]| 1S: 3039-1965|  IS:3039-1965||

*Specification for structural steel ( standard quality ) ( third revision ).

+Specification for structural steel ( high tensile ) ( revised ).
$Specification for structural steel ( fusion welding quality ).
§Specification for stcel plates for pressure vessels.
\\Specification for structural steel ( shipbuilding quality ).

¥Schedules for wrought steels for general engingering purposes.

**Specification for stee plates for boilers,

( Continued )

*Communicating chambers are defined as appurtenances to the vessel which intersect the shell or heads of a vessel and

form an integral part of the pressure containing enclosures, for example, sumps
1Side plates of a flat sided vessel are defined as any of the flat plates forming an integral part of the pressure containing

enclosures.
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TABLE 1.1 CLASSIFICATION OF PRESSURE VESSELS — Contd

SL REQUIREMENT Crass 1 Curass 2 Crass 3
O. " A o}
(1 2 3) ) 3) (6) O]

Maximum thick-
ness 16 mm be-
fore corrosion al-
lowance is add-

Maximum thick-
ness 16 mm be-
fore corrosion al-
lowance is added

b) Shell or end No limitation on Maximum thick-
plate thickness  thickness ness 38 mm after
adding corrosion

allowance

Maximum thick-
ness 16 mm be-
fore corrosion al-
lowance is add-

Quality control

b) During fabri-

L]

ed ed
4. Type of joints i) Double weld- i) Double weld- i) Double weld- i) Single weld- i) Single full
ed butt joints ed butt joints ed butt joints ed butt joints fillet lap joints
with full pene- with full pene- with full pene- with backing for circum-
tration  ex- tration  ex- tration  ex- strip not over ferential seams
cluding butt cluding butt cluding butt 16 mm thick- only
joints  with joints  with joints  with ness or over (sec 6.3.1)
metal back- metalbacking metal back- 600 mm out-
ing strips sirips  which ing strips side dia
which remain remain in which remain
in place place in place
ii) Single weld- Single weld- Sirgle welded  ii) Single welded —_
ed butt joints ed butt joints butt  joints butt joints

with backing
strip J =09
( see 6.3.6.1)

i) Inspection
and tests at
steel makers
works

Identification
and marking
of plate and
other compo-
nents

Inspection of
material and
plate edges

Visual inspec-
tion of surface
for objection-
able defects

Assembly and
alignment of
vessel sections
prior to weld-
ing
Identification
and stamping
of weld test
plates

Inspection
during weld-
ing in pro-
gress, includ-
ing  second
side welding
grooves after
preparation
by chipping,
gouging, grin-
ding or ma-
chining

-~

=

with backing
strip J=0'80
{ see 6.3.6.1)

i) Inspection

and tests at
steel makers
works

Identification
and marking
of plate and
other compo-
nents

Inspection of
material and
plate edges

Visual inspec-
tion of surface
for objection-
able defects

Assembly and
alignment of
vessel sections
prior to weld-
ing
Identification
and stamping
of weld test
plates

iv) Inspection

during weld-
ing in pro-
gress, includ-
ing  second
side welding
grooves after
preparation
by chipping,
gouging, grin-
ding or ma-
chining

with backing
strip J=0-65
( see 6.3.6.1)

i) Inspection

and tests at
steel makers
works

it} Identification

and marking
of plate and
other compo-
nents

iii) Inspection of

material and
plate edges

1) Visual inspec-

tion of surface
for objection-
able defects

Assembly and
alignment of
vessel sections
prior to weld-
ing
Identification
and stamping
of weld test
plates

Inspection
during weld-
ing in pro-
gress, includ-
ing second
side welding
grooves after
preparation
by chipping,
gouging, grin-
ding or ma-
chining

iv

without back-
ing strip J=
055 ( see
6.3.6.1)

i) Inspection
and tests at
steel makers
works

ii) Identification
and marking
of plate and
other compo-
nents

iii) Inspection of

material and
plate cdges

i) Visualinspec-
tion of surface
for objection-
able defects
Assembly and
alignment of
vessel sections
prior to weld-
ing

Rarb)

i

iii) Inspection

during weld-
ing in pro-
gress, includ-
ing  second
side welding
grooves after
preparation
by chipping,
gouging, grin-
ding or ma-
chining

Calibration
and dimen-
sional check
on completion

~

ii

i) Inspection
and tests at
steel makers
works

Inspection of
material and
plate edges

)

1) Visual inspec-
tion of surface
for objection-
able defects

( Continued )
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TABLE 1.1 CLASSIFICATION OF PRESSURE VESSELS — Contd

St REQUIREMENT CLass | Crass 2

No.
(1) (2) i3) 4)
v) Inspection of

main  seams
after dressing

main

vi) Calibration

v) Inspection of
seams
after dressing

Crass 3
r A Al
(3) (6) N
v) Galibration — —
and dimen-
sional check

on completion

vi) Calibration —_ — _

and dimen- and dimen-
sional check sional check
on completion on completion
6. Mechanical test Mechanical test Mechanical  tests

on longitudinal
seams (see 8.5.1)

on longitudinal
seams { se¢ 8.5.2)

i) All weld me- i) One reduced i) A check bend i) A check bend i) A check bend
tal tensile test section tensile and tensile test and tensile test and tensile test
test on each plate on each plate on each plate
for material for material for material
ii) One reduced ii) Bend test — whose specifi- whose specifi- whose specifi-
section tensile outer surface cations do not cations do not cations do not
test in tension* envisage de- envisage de- envisz.e de-
tailed testing tailed testing tailed testing

iii) Three notch- iii) Bend test— ii) Bend tests of Nil Nil

ed bar impact inner surface welded  test

test

iv) Bend test—
outer surface
in tension®*

v) Bend test —

inner surface
in tension®*

vi) Macro  and
micro exami- test
nation

Check on welding
procedure and
operator quali-
fication ( see 7.1)

7. Welding proce-
dure and opera-
tor qualification

procedure

8. Post-weld heat See 6,12 See 6.12
treatment
9. Pressure test Hydraulic pres- Hydraulic pres-

sure test ( sec 8.4)

in tension*

Check on welding Check on welding Check on welding
and
operator quali-
fication ( see 7.1)

sure test (see 8.4)

picces may be
called for at
purchaser’s
option

iv) One nick break —_ — § .

Check on welding

procedure and procedure and procedure and
operator quali- operator quali- operator quali-
fication (see 7.1).  fication (see 7.1).  fication (see 7.1).
Number and Number and Number and
type of test type of test type of test
pieces as agreed pieces as agreed pieces as agreed

to between to between to between

purchaser and purchaser and purchaser and

manufacturer manufacturer manufacturer
See 6.12 See 6.12 See 6,12

Hydraulic pres- Hydraulic pres- Hydraulic pres-

sure test (see 8.4)  suretest {see 8.4)  sure test ( sce 8.4)

»Side bend tests are acceptable as alternate to the face and root bend tests [ see 8.5.1.3 (c) and 8.5.2.2 (b) .

1.3.1.2 Class 2 vessels — These are vessels that
do not fall within the scope of 1.3.1.1 and 1.3.1.3.

All welded joints of categories A and B
(Fig. 1.1) of medium duty vessels shall meet the
requirements stipulated in col 4 of Table I.1.
All butt joints of categories A and B shall be
spot radiographed ( Radiography B 8.7.2).

1.3.1.3 Class 3 vessels — These are vessels for
relatively light duties, having plate thicknesses not
in excess of 16 mm, built for working pressures
not exceeding 3-5 kgf/cm? vapour pressure or
17-5 kgf/cm?® hydrostatic design pressure, at tem-

peratures not exceeding 250°C and unfired. Class 3
vessels are not recommended for service at tem-
peratures below 0°C.

2. MATERIALS OF CONSTRUCTION AND
ALLOWABLE STRESS VALUES

2.1 Materials

2.1.1 The materials used in the manufacture
of pressure parts of the vessel constructed according
to this code shall be in accordance with this
standard and shall, except as provided below,
be in accordance with appropriate specifications
listed in Appendix A.



2.1.2 Nothing in the foregoing shall preclude
the use of otherwise suitable material where so
agreed by the purchaser, the manufacturer and
the inspecting authority. It is recommended
that, in such .cases, particular attention be given
to the weldability and ductility of the material
proposed to be usc

ll-v‘
=]
[e3
5
-]
=]
o~
:D
Qo
Qo
=
Q

No such ma aterial shall
\/.So, less than —Q'-'Q_—

where Sois the original area of cross section and Ry,
is the actual tenexl(, strenvth in kgf/mm? at room

mnarature suhisct ta 2 minimum of o
temperaturc subject to 2 minimum of 16 percent

for carbon and carbon manganese stcels, 14 percent
for alloy steels other than austenitic steels and
25 percent for austenitic steels, for test pieces
obtaired, prepared and tested in accordance with
tandards

wainlaigas,.

1ave an

a gauge length of

amnranriata Indian
appropriail andian

G

2 1.3 Matc1ials used for supporting lugs skirts
baffles and similar non- -pressurc parts welded to
vessels shall be cf weldable quality and suitable

in other respects for the intended service.

2.1.4 All material shall be suppiied according
to IS:1387-1967* and all threaded fasteners
according to IS : 1367-1967f.

2.2 Allowable Stress

2.2.1 The allowable stress values for ferrous and
non-ferrous material at the design temperature
shall be determined from Table 2.1 by dividing
the appropriate properties of the material by the

a1 tlha ..\Lln PSS RPN (RIS R P +
atiul Ld!\lls iC 10WCEST

£
laLlUlb Sl\l.ll 11l UC waw
value.

2.2.1.1 The allowable stress values for carbon
and low alloy steels, high alloy steels, copper and

nnnnnnn ~ll. ¥ a 11117 avs
Coppcer anoys, aluminium and aluminium anuva

bolting alloys and casting alloys, based on the
above criteria, are given in Appendix A. The
values for carbon and low alloy steels have been
calculated on the basis of the elevated temperature
values given in Appendix B and are to be used
only for material with no certified or guaranteed

elevated temperature properties,

TABLE 2.1 DESIGN STRESS FACTORS FOR VARIOUS MATERIALS
( Clause 2.2.1)
ProPERTY CARBON AND Low ALLoy NoN-FERROUS Higr
CARBON STEELS MATERIAL ALLoY
MANGANESE OT1HER THAN StTRELS
STEELS BovrTiNG
MATERIAL
Certified or specified minimum yield 15 15 15 —
(or 0°2 percent proof) stress* at
design temperature
Specified minimum tensile stress at 30 30 4 2+5
room t_gmnrrggu:e
Average stress to produce rupture in 1-5 1-5 1 15
100 000 hours at design tempera-
ture
Average stress to produce a total 1 1 1 I
creep strain of one percent in
100 000 hours at design tempera-
ture
— — 1:50

Certified 1'0 percent proof stress at —
design temperature

Note — In the case of castings, the above factors shall be divided by a quality factor of 0-75.

However, a quality

factor of 0°9 shall be used when the following requirem.nts have been met with:

a) Each casiing has been radiographically examined at all critical locations and found frce from harmful defects,
or the castings have been fu"y machined to guch an extent that all critical sectiong are ryn’mvd for the full thick-

e Casunges Dava 2ecn Ul

machinec (o such an extient that adl critical gectiong Are €

ncss as in the case of tube plates with holes spaced not further apart than the thickncss of the casting.
b) All castings have been cxammcd at all critical locations using magnctic. particie, or penetrant fluid procedure

anA 1Onn

( see IS : 3658-19667 and IS : 3703-19661 ) oc by grinding or machining and etching.

¢) Castings found to be defective have been rajected or repaired to the satisfaction of the inspecting authority, If
repairs by welding are carried out, the castings should be subsequently stress-rclicved or heat-treated as agrced
between the steel-maker and the inspecting authority. Repaired areas of castings should be re-cxamined in

accordance with (a) above and shoguld be shown to be free from: harmful defects.

of 0°75 shall be used instead of ¢-90.

In all other cases a factor

*The minimum specified yield stress ( at room temp: rature } may be takcn to apply for all temperatures up to 50°C.

+Code of practice for liquid penetrant flaw detection.
$Code of practice for magnetic particle flaw detection.

*(icncral requirements for the supély of metallurgical materials ( firs¢ revision ).
t+Technical supply conditions for threaded fasteners (first revision ).

10



2.2.2 Where safe stress values for material in
compression are required, for example, in the
case of the design of vessels subject to loadings
( 5e¢1.2.5.2 and 3.3.2.4) that producc longitudinal
compressive stresses, it shall be calculated as given
in Appendix C.

2.2.3 Shear Stresses — The maximum permissible
shear stress ( where present alone) shall not
exceed 50 percent of the allowable stress value.

2.2.4 Bearing Stresses — The maximum permissi-
ble bearing stress shall not exceed 50 percent of the
allowable stress value.

2.3 Materials for Low Temperature Service—
Special consideration shall be given to the choice
of materials for vessels designed for operation
below 0°C. Aluminium and its alloys not being
subject to brittle fracture are particularly suitable
for operation at temperatures below 0°C. Aus-
tenitic stainless steels { wrought ) are quite suitable
fot use up to —200°C.. For use below this tempe-
rature or where cast materials are used special con-
sideration shall be given to the choice of material
and design. A recommended practice for carbon
and low alloy steel vessels required to operate at
low temperatures is given in Appendix D.

2.4 Materials for Welding — The electrodes,
filler rods and flux shall satisfy the requirements
of appropriate Indian Standards and shall corres-
pond to those used in the procedure qualification
tests and welder’s performance tests. The follow-
ing Indian Standards are available or under pre-
paration:

1S : '814-1970 Specification for covered elec-
trodes for metal arc welding of
structural steel { third revision )

IS : 1278-1967 Specification for filler rods and
wires for gas welding ( first
revision )

1S : 1395-1964 Specification for molybdenum
and chromium molybdenum
low alloy stcel electrodes for
metal arc welding ( revised )

IS : 2680-1964 Specification for filler rods and
wires for inert gas tungsten arc
welding

IS:3613-1966 Specification for acceptance
tests for wire flux combinations
for submerged arc welding

1S : 4972-1969 Specification for resistance spot
welding electrodes

IS : 5206-1969 Specification  for  corrosion
resisting chromium and chro-
mium nickel steel covered
electrodes for metal arc welding

1S: Specification for filler wires
for mectal inert gas welding
( under preparation )

I5: 2825 - 1969

IS: Specification for filler rods and
wires for inert gas welding
(under preparation )

3. DESIGN

3.1 General — Vessels covered by this code shall
be designed for the most severe combinations of
operating conditions which may be experienced
in the normal operations.

Special consideration shall be given to vessels
designed to operate at temperatures below 0°C,
A tentative recommended practice for vessels
required to operate at low temperatures is given
in Appendix D.

Where vessels are subject to alternate heating
and cooling, provision shall be made in the design
to permit expansion or contraction to avoid exces-
sive thermal stresses ( see Appendix E ).

This code does not contain rules to cover all
details of design and construction. Where com-
plete details are not given, it is the intention that
the manufacturer, subject to the approval of the
purchaser and/or the inspecting authority, shall
follow such details of design and construction which
will be as safe as those provided by this code.

3.1.1 Design Thickness — In the clauses that
follow, methods are given for calculating the
thicknesses required for the various parts of a
pressure vessel.

3.1.2 Weld Foint Efficiency Factors (J) — The
weld joint efficiency factors to be used in the
design calculations shall be those specified in
Table 1.1.

3.1.3 Loadings

3.1.3.1 In the design of a vessel the following
loadings shall be included where relevant:

a) Design pressure including static head;

b) The weight of vessel and normal contents,
or weight of the vessel and maximum con-
tent of water specified for the pressure test;
and

¢) Wind loading in combination with other
loadings.

3.1.3.2 Special consideration may be required
to be given to the effect of the following:

a) Local stresses due to supporting lugs, ring
girders, saddles, internatl structures or con-
necting piping;

b) Shock loads due to water hammer or surg-
ing of vessel contents;

¢) Bending moments caused by eccentricity
of the centre of working pressure relative
to the neutral axis of the vessel;

11
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d) Forces due to temperature differences,
including the effects of differential expan-
sion;

e) Forces caused by the method of supporting
the vessel during transit or erection; and

f) Fluctuating pressure and temperature ( see
Appendix E ).

Formal analysis of the effect of the above
influences is only required in cases where it is not
possible to demonstrate the adequacy of the
proposed design, for example, by comparison with
the behaviour of comparable vessels.

3.2 Corrosion, Erosion and Protection
3.2.1 General

3.2.1.1 Whenever the word corrosion is used
in this code it shall be taken to mean corrosion,
oxidation, scaling, abrasion, erosion and all other
forms of wastage. Stress corrosion cracking may
occur under certain conditions of temperature and
environment and cannot be catered for by increas-
ing thickitesses. Under conditions where stress
corrosion may occur, consideration shall be given
to the materials used and the residual stress in
fabricated vessels.

It is impossible to laydown definite precaution-
ary rules to safeguard against the effects of corro-
sion owing to the complex natureof corrosion itself,
which may exist in many forms, for example:

a) Chemical attack, where the metal is dis-
solved by the reagents, it may be general
over the whole surface, or localized ( caus-
ing pitting ), or a combination of the two;

b) Rusting, caused by the combined action of
moisture and air;

c¢) Erosion, where a reagent, otherwise in-
nocuous, flows over the surface at a velocity
greater than some critical value; and

d) High temperature oxidation ( scaling ).

Designers should give careful consideration to
the effect which corrosion may have upon the use-
ful life of the vessel. When in doubt, corrosion
tests should be undertaken; these should be carried
out on the actual metal (including welds) or
combination of metals under exposure to the actual
chemicals used in service. It is very dangerous
to assume that the major constituent of a mixture
of chemicals is the active agent as, in many cases,
small traces of impurities exert an accelerating or
inhibiting effect out of all proportion to the
amount of impurity present. Fluid temperatures
and velocities should be equivalent to those met
with in operation. Corrosion tests should be con-
tinued for a sufficiently long period to determine
the trend of any change in the rate of corrosion
with respect to time; the result may be considered
as given below. Corrosion may occur on both
sides of the wall of the vessel, particularly with
vessels heated by hot gases of combustion:

a) Corrosion  rate  predictable — Vessels in
which corrosion rates may be definitely

12

established by reason of accurate knowledge
of the chemical characteristics of whatever
substances they are to contain.

b) Corrosion rate unpredictable — Vessels  in
which corrosion rates are either variable
throughout the vessel or indeterminate.in
magnitude.

c) Corrosion rate negligible — Vessels in which
corrosion rates are known to be negligible.

3.2.2 Additional Thickness to Allow for Corrosion—
The allowances adopted shall be adequate to
cover the total amount of corrosion expected on
either or both surfaces of the vessel.

In cases where corrosion may occur, additional
metal thickness over and above that required for the
design conditions should be provided, at least
equal to the expected corrosion loss during
the desired life of the vessel. It is recommended
that in all such cases a minimum corrosion allow-
ance of 1'5 mm should be provided unless a pro-
tective lining is employed.

Where the corrosion effects are negligible, no
excess thickness need be provided.

3.2.3 Linings — Vessels may be fully or partially
lined with corrosion-resistant material. Such
linings may be loose, intermittently attached
to the vessel base material or integrally bonded to
the vessel base material ( for example, as clad steel ).
This code does not cover vitreous enamel linings.

Provided linings are designed so as to exclude
contact between the corrosive agent and the
vessel base material, no corrosion allowance neede
be provided against internal wastage of the base
material.

Corrosion-resistant linings shall not be included
in the computation of the required wall thickness,
except in the case of clad steels as may be agreed
to between the purchaser and the manufacturer,

The design of linings should take into account
the effects of differential thermal expansion.

3.2.4 Wear Plates — Where severe conditions of
erosion and abrasion arise, local protective or ‘ wear
plates ’ of an easily renewable type should be fitted
directly in the path of the impinging material.

3.3 Cylindrical and Spherical Shells

3.3.1 General

3.3.1.1 The thickness shall be not less than
that calculated by the following formulae and
shall be increased, if necessary, to meet the
requirements of 3.1 and 3.2.

3.3.2 Shells Subject to Internal Pressure

3.3.2.1 Notaition — The following notations

are used in the design of spherical and cylindrical
vessels subject to internal pressure:

¢t = minimum thickness of shell plates

exclusive of corrosion allowance in mm,



p = design pressure in kgf/cm?,
D; = inside diameter of the shell in mm,
D, = outside diameter of the shell in mm,

f = allowable stress value in kgf/mm?
( see Appendix A ),
J = joint factor ( see Table 1.1 ), and

E = modulus of elasticity of the material at
the operating temperature in kgf/mm?
( see Tables 3.1, 3.2, 3.3 and 3.4 ).

3.3.2.2 Cylindrical shells — The following for-
mulae shall apply in the case of cylindrical shells:

_ pDy — Do
¢ = 00—p  200fT1p (30
o po 2007 _ 2007 32)

Dy+t Do—t

3.3.2.3 Spherical shells — The following for-
mulae shall apply in the case of spherical shells:

D1 pDe
= 500f7—p ~ 2007+ b +(33)
or  p= FOOM _ 400/t . (3.4)

3.3.2.4 Cylindrical vessels under combined load-
ings — Under no circumstances shall the shell
thickness ( before adding corrosion allowance )
be less than that given in equation ( 3.1).

Where the shell is subjected to loadings addi-
tional to those due to internal pressure, the basis
of design shall be that the stress equivalent to the
membrane stresses shall nowhere exceed the
allowable stress.

The equations given below apply to the case
where the cylinder is subjected to loads producing
a direct longitudinal stress ( for example, from its
own weight in the case of a vertical vessel ), a
longitudinal bending moment ( for example, from
wind or piping loads or, in the case of a horizontal
vessel, the weight of the vessel and contents ) and
a torque about the longitudinal axis ( for example,
from offset piping and wind loads ).

The following notation is adopted:
S = allowable stress in kgf/mm?;
Jfa = allowable stress at ambient temperature
in kgf/mm?2;
p = internal pressure ( design or test as ap-
propriate ) in kgf/cm?;
t = shell thickness ( before adding corro-
sion allowance ) in mm;

ts = actual shell thickness at time of test
(including corrosion allowance) in mm;

Dg}__ internal, external diameters of shell

Do [ in mm;
young modulus at design temperature
E and at ambient temperature respec-

E, {= tively in kgf/mm3 (see Tables 3.1,
3.2,3.3 and 34);

IS : 2825 - 1969

M = longitudinal
kgf.mm;

T = torque about vessel axis in kgf.mm;
W = weight ( vertical vessel only ) in kg:

a) for points above plane of support —
weight of vessel, fittings, attach-
ments and fluid supported above
the point considered, the sum to be
given a negative sign in equation
(3.5);

b) for points below plane of support —
weight of vessel, fittings and attach-
ments below the point considered,
plus weight of fluid contents, the
sum to be given a positive sign in
equation ( 3.5 );

bending moment in

ce = equivalent stress ( shear strain energy
basis ) in kgf/mma?;

a; = longitudinal stress in kgf/mms3;

og = hoop stress in kgf/mm?; and

7 = shearing stress in kgf/mm3,

Then
s #DE + Wk 4
0 = ) (3.5)
D+t \
op = LLDEL) ...(3.6)
27 (3.7)

T= wtDy ( Dl—]—t)

"The stress equivalent to the membrane stress
on the shear strain energy criterion is given by the
Huber-Hencky equation:

Ge =[Q‘20 — 0§ Gz + 0'22 + 372]% ...(3.8)

The requirements are that at design conditions:
ce <. ...(3.9a)
oz (tensile ) < f ...(3.9b)
oz ( compressive ) < 0125 E (Tt)—) ...(3.9¢)

0

and at test conditions ( see 8.4)

oo < 13 £, ...(3.9d)

oz ( tensile ) < 1'3f, «++(3.9¢)

oz (compressive ) < 0125 E, (LDL )...(3.9f)
0

In all cases each of the signs before the term
4M|D, in equation ( 3.5 ) should be considered.

Values of 6z, 0o and T should be determined
for each combination of loading during operation
and test.

The equations cannot be reduced to a conve-
nient explicit expression for the calculation of ¢
and solution by trial and error is necessary.
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TABLE 3.1 VALUES OF E FOR FERROUS MATERIALS IN 103 kgf/mm?
( Clauses 3.3.2.1 and 3.3.2.4)

MATERIAL DesioN TEMPERATURE “C
p B —— —_
0 20 100 200 300 400 500_‘
Carbon C<0:309, 19-6 196 19°5 190 182 170 —
Stecls C>0309, 21-1 21-0 20°7 199 19:0 173 —
Carbon-molybdenum  steels 211 21°0 207 20°1 19-4 ot 17-2
and chrome-molybdenum
steels (up to 3 9% Cr)
Intermediate chrome molyb- 19-3 19-3 19-0 186 18:0 173 16
denum steels and austeni-
tic stainless stecls
Note — Intermediate values may be obtained by interpolation.
TABLE 3.2 VALUES OF E FOR ALUMINIUM AND ITS ALLOYS IN 103 kgf/mm?
( Clauses 3.3.2.1 and 3.3.2.4)
MATERIAL DestoN TEMPERATURE °C
GRADE r A - S .
—200 —100 0 50 75 100 125 150 200
1B, N3, N4 7-8 74 71 7'0 7-0 69 68 57 64
H9 7-4 7:1 68 66 66 6°5 65 £3 60
H15 8-3 79 75 74 74 73 72 7-1 68
A6 89 85 82 81 80 79 '8 77 74

Note 1 — Intermediate values may be obtained by interpolation.

NoTe 2 — Since aluminium and its alloys do not have a well-defined yicld point, the above valucs of E are to be

used with caution.

TABLE 3.3 VALUES OF E FOR NICKEL AND NICKEL ALLOYS IN 103 kgf/mm?
( Clauses 3.3.2.1 and 3.3.2.4)

MATERIAL DesicN TeMPERATURE °C
A ————
20 300 400 500 600 700 750
Nickel 21-1 20°4 18-8 165 140 117 109
70 % Nickel and 30 % 18-8 18-0 176 16'9 16-2 155 150
copper alloy
759%  Nickel, 159, 21-8 207 200 176 16:0 130 119
chromium and 109,
ferrous alloy
TABLE 3.4 VALUES OF E FOR COPPER AND ITS ALLOYS IN 103 kgf/mm?
( Clauses 3.3.2.1 and 3.3.2.4)
MATERIAL COMPOSITION DesioN TEMPERATURE °C
— A —————
20 50 100 150 200 230 300 350 400
Copper 99-98 % Cu 11-2 111 110 10°8 106 104 101 -7 —
Commercial brass 66 9% Cu, 34 9% Zn 9-8 37 96 95 91 89 86 85 —
Leaded tin bronze 88 9%, Cu, 6 % Sn, 9-1 90 89 87 84 82 80 77 —_
1'59%, Pb,45%, Zn
Phosphor bronze 8559, Cu, 10°5 10-3 10-2 98 95 9-1 85 67 —_
1259, Sn, 109 Zn
Muntz 59 9% Cu, 399% Zn 10-7 10-2 9-8 91 83 7 — — —
Cupro nickels 80 %, Cu, 20 % Ni 13:3 13:1 12-9 12:6 12°4 12-1 118 115 142

or
70 % Cu & 30 % Ni

Note — Intermediate values may be obtained by interpolation.
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3.3.3 Shells Subjected to External Pressure - - The
thickness of thin-walled shells subjected to external
pressure may be calculated either by the formulae
given below or by the method given in
Appendix F.

3.3.3.1 Notation — The following notation has
been used in the formulae in this section;

t = minimum thickness of the shell material
in min,
D, = outer diameter of the shell in mm, and
L = effective length in mm,

In the case of cylindrical shells, it is the maxi-
mum of the following values and is measured
parallel to the axis of the shell:

a) The distance between head bend lines plus
one-third the depth of each head, when no
stiffening rings are present;

b) the maximum centre distance between two
adjacent stiffening rings; and

c) the distance from the centre of the nearest
stiffening to the head bend line plus one-

*  third the depth of the head.

In the case of spherical shells, the effective
length is equal to the inside radius of the spherical
shell:

p = design pressure in kgffcm?;
o = 0-2 percent proof stress in kgf/mm?;
and

K = the ratio of the elastic modulus E of
the material at the design metal tempe-
rature to the room temperature elastic
modulus ( see Tables 3.1, 3.2, 3.3 and
3.4 for values of E at different
temperatures ).

3.3.3.2 Thickness of cylindrical shells under
external pressure — The thickness of the cylindrical
shells under external pressure is given by equations
3.10, 3.11, or 3.12 as is applicable:

8
0-58 (191’-)2 38 (1_00_‘)3
) for —L—~ < »——————c—-—- or < __._99__,,
2 % Do K Ko
_ Do NI (KoL)}
= 1o 4 ooss(N] a0
G 100¢ . Kol \%
or p =155 | D5 — 0053 (E) ] ...(3.10a)
L _ 144 146

- > —1 or > ; or
Do~ (pkys /\/IOOt(

Do
0-58( _1%&)-2

> 144

PR T pr)s
(1002

Do 146

or 38 Ko > il

100¢
D,
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t= 1‘03x-lD0—°0 X (pK)% but not less than
3:5pDo
3000 (3.11)
. 3
orp = Q-Igfl-x (I—ET?-) but not greater than
200ts
—73"5——0‘: (3.1 Ia)
c) In all other cases
= Do . L 3
= [0075p. o K] (3.12)
100¢\%
13-3( )
or P - LDQ _ (3.123)
—.K
Dy’

3.3.3.3 Thickness of spherical shells under external
pressure — The thickness of spherical shells under
external pressure is given by equation 3.13:

=$Do

. (3.13)
rp = %’%‘ (3.13a)

3.3.3.4 Stiffening rings

a) General — Stiffening rings are generally used
with cylindrical shells subjected to external
pressure. They extead around the circum-
ference of the shell and may be located on
the inside or the outside of the shell.

The following notation has been used in
the formulae given:

Iy = moment of inertia in cm# of the ring
section around an axis extending through
the centre of gravity and parallel to the
axis of the shell. For a stiffening ring,
welded to the shell all around, a part of
the shell, equal to 4¢ may be included in
the moment of inertia when calculating
the stiffening ring;

p- = design pressure in kgf/cm?;

Lg = length between the centres of two adja-
cent stiffening rings in mm;

d = diameter through the centre of gravity
of the section of an externally located
stiffening ring or the inner diameter of
the shell in the case of an internally
located stiffening ring in mm; and

K = the ratio of the elastic modulus of the
material at the design metal temperature
to the room temperature elastic modulus
(see Tables 3.1, 3.2, 3.3 and 3.4 for
values of E at different temperatures ).

b) The moment of inertia of the stiffening
_ ring I, shall not be less than that calculated
by the formula.

I =7 x 1078 pLd3K (3.14)
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c) Stiffening rings shall extend completely of inertia of the ring is maintained ( ses
around the circumference of the shell. Fig. 3.1 ).
Joint between the ends or sections in the
same ring or between adjacent portions When gaps and recesses are provided in the
shall be made so that the required moment stiffening ring as in Fig. 3.1 it shall be
UNSTIFFENED CYLINDER STIFFENER STIFFENER AND SUPPORT

TO BE SECURELY WELDED
OR RIVETED TO SHELL

[4
| INTERNAL
| HEATER ETC

[
oaP i
i Lx
SUPPORT CRADLE THIS TYPE OF CONSTRUCTION WHEN THE OAP (S
GREATER THAN LENGTH OF ARC TO FIG.3.2. .

MOMENT OF INERTIA AT X NOTTO BE LESS
THAN g

(A) ()

MOMENT OF INERTIA I CALCULATED
ON THIS REDUCED SECTION IF RING

15 CUT AWAY FOR ANY REASON IF VESSEL IS HUNG THE
SUSPENSION LUGS MUST
BE ABOVE STIFFENERS

STIFFENER

CHANNEL FIXED
WITH FITTING BOLTS
(OR RIVETS) AND
FILLET WELDED TO
STIFFENER RING

SPACE TO REMOVE
SCALE AND DEPOSIT

DRAIN SLOT

PACKING PLATE FILLET WELDED

TO STIFFENER ON BOTH SIDES UNSUPPORTED LENGTH NOT TO

EXCEED VALUES OF FIG. 3.2

(C) O
—1 [am =)
g e — st s — BTN | R
ALTERNATIVE RING CROSS SECTION
(E) (F)

Effective Length of the Vessel Section

Fro. 3.1 Stirrenine Rines FOR CyLINDRICAL VEssELS SuBJECT TO EXTERNAL PRESSURI
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&Sl 300

OUTSIDE DIAMETER ¥ THICKNESS

d)

suitably reinforced so that the required
moment of inertia is maintained.

However, if the gap in the stiffening ring
does not exceed the value calculated
from Fig. 3.2, reinforcement for the
stiffener ring need not be provided.

Reinforcement for the stiffener ring also
need not be provided if in case of gaps
in adjacent stiffening rings, the length of
the unsupported shell arc does not exceed
60° and the gaps in adjacent rings are

.staggered 180°,

Stiffening rings may be attached to the shell
by welding or brazing or by any other
method of attachment suitable for the
material of construction. Brazing may be
used when the vessel is not to be stress-
relieved later.

The welding may be continuous or intermit-
tent. In the case of intermittent welds:

1) the welds on either side of the ring shall
overlap at least by 10 mm for stiffening
rings situated on the outisde, and

2) the welds on cither side of the ring
shall be at least equal to one-third the
circumference of the vessel in length,
for stiffening rings situated on the inside.

0+040,
0406 Do
0¢09 Do

°)
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Rings for supporting trays, plates, etc, in
fractionating columns or similar construc-
tions may be used as stiffening rings
provided they are adequate for the duty.

3.3.3.5 Thickness of tubes, and pipes when used
as tubes under external pressure — This shall be deter-
mined from the chart on page 18.

The thickness as determined from the graph
shall be increased when necessary to meet the
following requirements :

a)

b)

Additional wall thickness should be pro-
vided when corrosion, erosion or wear due
to cleaning operations is expected.

Where tube ends are threaded, additional
wall thickness is to be provided in the
amount of 08 p (where p is the pitch
in mm ).

Nore — The requirements for rolling, expanding,
or otherwise scating tubes in tube plates may require
additional wall thickness and careful choice of
materials because of possible relaxation due to
differential expansion stresses.

3.4 Domed Ends

3.4.1 General — Domed ends of hemispherical,
semi-ellipsoidal or dished shape shall be designed
in accordance with the requirements of 3.4.5 and
3.4.6. The calculated thickness shall be increased,
if necessary, to meet the requirements of 3.1
and 3.2.

°
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3.4.2 Limitations of Shape — Ends shall conform ¢) Dished and flanged ( see Fig. 3.3C ):
t { the following sh IS : 4049-1968* ).
oonco e. © om{mgs apes ( 5 0 8*) 1) The inside radius of dishing Ry shall be
a) Hemispherical (-se¢ Fig. 3.3A). not greater than the outside diameter
b) Semi-cllipsoidal (see Fig. 3.3B). Do, and

The ratio ofmajor axis to minor axis should 2) Thc inside corner radius 2 shall pre-
not be greater than 2-6:1. ferably be not less than 10 percent of

*Specification for formed ends for tanks and pressure the inside diameter and in no case less
vessels. than 6 percent nor less than 3t.
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(A} Hemispherical Ends

0
0o

(B) Semi-Ellipsoidal Ends

—o V‘""H' -t -y
po-- 7~

(C) Dished and Flanged Ends

Fic. 3.3 Dowuep Enbps

3.4.3 Openings in Ends

3.4.3.1 Holes cut in domed ends shall be
circular, elliptical or obround. Openings having
a diameter exceeding 0-5 D, shall be subject to
special consideration. The radius of flanging r
of flanged-in openings ( see Fig. 3.4 ) shall be not
less than 25 mm.

NoTE — An obround opening is one which is formed by
two parallel sides and semi-circular ends,

3.4.3.2 Uncompensated openings — Flanged-in
and other openings shall be arranged so that the
distance from the edge of the end is not less than
that shown in Fig. 3.5. In all cases the projected
width of the ligament between any two adjacent
openings shall be at least equal to the diameter
of the smaller opening as shown in Fig. 3.6.

3.4.3.3 Compensated openings.— Openings,
where compensation is provided otherwise than
by general thickening of the end ( over and above
that required for an unpierced end ), shall comply
with the requirements of 3.8. Ends containing
only openings: compensated in accordance
with 3.8 shall be regarded as plain ends for the
purposes of applying Fig. 3.7.

x¢dy OR o,
WHICH EVER 1S
SMALLER

Fic. 3.6

Fic. 3.4-3.6 TvypricaL UNKEINFORCED OPENINGS

3.4.4 Notation — The following notation has
been employed:

t = minimum calculated thickness of the
end in mm;

P = design pressure in kgf/cm?;

Dy, Dy = inner and outer diameters of the end
in mm;

hg = effective outside height of the end in
mm;

D? Dyro
where hg = ko or -2 or =2
g = ho iR, 5
whichever is the least )
hy, ko = inside and outside height of the end
in mm;
11, 7o = inside and outside knuckle ( corner ;
radius in mm;

19
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Ry, Ky = inner and outer crown radius in mm; flange;
f = allowable stress value in kgf/mm?; d = diameter of the largest uncompensat-
J = weld joint factor for any welded seam ¢d opening in the head. In the case

of an elliptical opening the major

in the end including circumferential axis of the ellipse in mm;

end-to-shell seam in the case of ends

having no straight flange; c = a shape factor obtained from Fig. 3.7;
a= 1'0 for ends made from one plate and and
attached to shell with a straight St = length of the straight flange.
= T E======c=zzcao gEs
=== === = =
45 3
40 X =
3¢5 :
320002 H
3°0 ¥ =
AN
245
] d
NG B,
1. i 5
20005 X - 50
20 - X =
A Y ~
c AN = 0
520401 5 S
] N \ -
o I \ N +~
15 X HH 3-0
/ N ; [
4 N
= 0002 4 SN \
1,50°02 - N \ .
!l TTT] -4 N s
5004 i
[ X N 2.0
10 e
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:
N i 10
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Fic. 3.7 Suare Facror ror Domzp Enps
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3.4.5 Thickness of Ends Concave to Pressure — The
thickness of the ends shall be determined by the-
equation:

_ pDC 3.15
¢ = 20077 (3.15)
orp= 2%%” (3.16)

Note — The external height of dishing A, may be
determined from equation 3.17 in the case of ends of
partially spherical form: 6

ho=Ro— V(R. - %’ x (R.,-;--%i’—Z r.,) . (3.17)

NoTe 1| —In the case of ends containing no uncompen-
sated openings, read C from full curves ¢/Dg=0002
to t/D, = 0:04 interpolating as necessary.

Note 2 — In the case of ends containing uncompen-
sated openings, read C from broken lines curves
dA/i.Dg=5"0 to dy/t.D,=0"5 interpolating as neces-
sary. In no case shall C be taken as smaller than the
value for similar unpierced end.

3.4.6 Thickness of Ends Convex to Pressure

3.4.6.1 Spherically dished ends — The thickness

of the ends dished to partially spherical form shall
be greater of the following thicknesses:

a) The thickness of an equivalent sphere,

having a radius R, equal to the outside

crown radius of the end, determined in
accordance with 3.3.3.3,

b) The thickness of the end under an internal
pressure equal to 12 times the external
pressure.

3.4.6.2 Ellipsoidal ends —The thickness of
ends of a true semi-ellipsoidal shape shall be
greater of the following thicknesses:
a) The thickness of an equivalent sphere,
having a radius R, calculated from the

values of -I—I;-"— in Table 3.5, determined in

accordance v?ith 3.3.3.3.

b) The thickness of the end under an internal
pressure equal to 1'2 times the external
pressure.

3.4.7 Constructional Details — Typical permitted
connections between ends and shells are shown in
Table 6.2.

3.5 Conical Ends

3.5.1 General — Conical ends and conical
reducing sections {se¢ Fig. 3.8 and Fig. 3.9)
shall be designed in accordance with the following
formulae, The calculated thickness shall be
increased, if necessary, to meet the requirements
of 3.1 and 3.2. -

Conical ends may be constructed of several
ring sections of decreasing thickness as determined
by the corresponding decreasing diameter.

3.5.2 Notation — The following notations have
been used in the formulae:

t == minimum calculated thickness of conical
section or end in mm;

IS : 2825 - 1969

p = _design pressure in kgffcm?;

S

= allowable stress in kgf/mm? determined
in accordance with 2.2;

J = weld joint factor;

Dy = inside diameter of conical section or end
at the position under consideration ( see
Fig. 3.8) in mm;

Dy = outside diameter of conical section or
end ( see Fig. 3.8 ) in mm;

r1 = inside radius of transition knuckle which
shall be taken as 0-01 Dy in the case of
conical sections without knuckle transi-
tion in mm;

a,x5,0y = angles of slope of conical section (at
the point under consideration) to the
vessel axis ( see Fig. 3.8 );

¢ = difference between angle of slope of
two adjoining conical sections ( see
Fig. 3.8);

C = a factor taking into account the stress in

the knuckle ( see Table 3.6 ); and

L = distance, from knuckle or junction within
which meridional stresses determine the
required thickness (see Fig. 3.8) in

mm

05 \/ De.t

' Cosy
3.5.3 Conical Ends Subject to Internal Pressure —
The stresses in the knuckle or in the circumferential
scam at the wide end of the cone acting in a
meridional direction are predominantly bending
stresses and the stresses acting in a circumferential
direction are predominantly membrane stresses,
Both these factors are taken into account in turn in
equations 3.18 and 3.19. The greater of the two
wall thicknesses calculated is chosen. For shallow
cones, the thickness may be determined by the
method given in (c) of this clause below, even
though the resulting wall thickness may be less than

those determined by the equations 3.18 and 3.19:

a) Thickness of knuckle or conical section in
Junction — The thickness of cylinder and
conical section within distance L from the
junction shall be determined by:

_ pDC
= "530077

This thickness of the knuckle or junction
shall however be not less than those given
by equations 3.19 and 3.20.

If the distance of a circumferential seam
from the knuckle or junction is not less
than L then J shall be taken as 1-0, other-
wise J shall be the weld joint factor appro-
priate to the circumferential seam.

Thickness of conical section away from junction —
The thickness of those parts of. conical
sections not less than a distance L away

t (3.18)

b)
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TABLE 3.5 VALUES OF g‘-’ AS A FUNCTION OF 1’-;'4-
(] o

( Clause 3.4.6.2)
b _ o167 0178 0192 0208 0227 025 0278 0313 0357 0417 050

L = 136 1-27 1-182 1-08 0-99 0-90 0-81 073 065 0-57 0-50

Note — The intermediate values may be obtained by interpolation.

‘ De -
L Dy —_—
J—— t je—
§ i
L
&’L
I
a —*
(A) Cone/Cylinder with Knuckie (B) Cone/Cylinder without Knuckle

(C) Cone/Cone with Knuckle (D) Cone/Cone without Knuckle

Fic. 3.8 TyricaL Cone SuerL CONNECTIONS
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from the junction with a cylinder or other
conical section shall be determined by:

ﬁDk 1
200/7 — p X Cosa
c) Shallow conical sections — The thickness of

conical sections having an angle of inclina-

tion to the vessel axis of more than 70°
shall be determined by:

t=05(De—r1) xg—gb\/—T}—..,(s.zo)

The lower of the values given by equations
‘3.19 and 3.20 shall be taken.

3.5.4 Conical Ends Subject to External Pressure —
For a conical end or conical section ( frustum )
under external pressure, whether the end is of
seamless or butt welded construction, the general

(3.19)

=

1S : 2825 - 1969

provisions of 3.5.1 to 3.5.3 are applicable, except
that the thickness shall be not less than as prescrib-
ed below:

a) The thickness of a conical end or conical
section under external pressure, when the
angle of inclination of the conical section
( at the point under consideration ) to the
vessel axis is not more than 70° shall
be made equal to the required thickness
of cylindrical shell, in which the diameter
is Dgfcose and the effective length is
equal to the slant height of the cone or
conical section, or slant height between the
effective stiffening rings, whichever is less.

b) The thickness of conical ends having an
angle of inclination to the vessel axis of
more than 70° shall be determined as for
a flat cover ( see 3.6 ).

TABLE 3.6 VALUES OF C AS FUNCTION OF ¥ AND r/D,

( Clause 3.5.2)
']/De )

0-01 002 003 004 006 008 010 015 0-20 0-30 040 0-50

¥
10¢ . 0:70 065 0-60 0:60 055 055 0-55 0:55 055 0°55 0°55 055
20? 1-00 090 085 0-80 070 065 0-60 0°55 0-55 055 055 055
30° 1-35 1-2 Il 10 0'90 0-85 0-80 070 0-55 0-55 055 055
45° 2:05 1-85 1-65 1°5 1-3 1-2 11 095 0-90 070 0°55 0°5¢
60° 32 2'85 2°55 2-35 20 175 16 14 1-25 1-00 070 0'55
75¢ 68 585 5-35 475 3-85 35 3-15 27 24 155 1-00 0-55

Dy

D; —

(A) Cone Section

(B) Cone Section with Transition
Knuckles

E—

(C) Reversed Curve Section

Fig. 3.9 AvLterNATIVE Forms oF OpeNINGs IN Domep Enps For Cases wHEN d Exceeps D/2
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3.5.5 Constructional Details — Connections bet-
ween cylindrical shells and conical sections and
ends shall preferably be by means of a knuckle
transition radius. Typical permitted details are
shown in Fig. 3.8. Alternatively conical sections
and ends may be butt welded to cylinders without
a knuckle radius when the change in angle of
slope ¥ between the two sections under consi-
deration does not exceed 30°.

3.6 Unstayed Flat Heads and Covers

3.6.1 General — Flat covers and end plates shall
be designed in accordance with the following
formulae and the thickness shall be increased, if
necessary, to meet the requirements of 3.1 and 3.2.

3.6.1.1 Notation — The following notation has
been used in the following formulae:

a = short span of non-circular heads in
mm;
b = long span of non-circular heads or

covers measured perpendicular to short
span in mm;

C = a factor depending upon the method
of attachment to shell ( see Table 3.7 );

D = diameter or short span measured as in
Table 3.7;

hg = gasket moment arm equal to the radial

distance from the centre line of the
bolts to the line of gasket reaction in
mm;

L = perimeter of non-circular bolted heads
measured along the centres of the bolt
holes in mm;

I = length of the flange of flanged heads
in mm;

p = design pressure in kgff/cm?;

f = allowable stress value in kgf/mm?;

t = minimum thickness of flat head or

cover, exclusive of corrosion allowance
in mm;

tr, ts = required and actual thickness of the
shell under design conditions, exclusive
of corrosion allowance in mm;

Fy = total boit load in kgf; and

Z = a factor for non-circular heads depend-
ing upon the ratio of short span to
long span a/b ( see Fig. 3.10).

3.6.2 Thickness of Flat Heads and Covers

3.6.2.1 The thickness of flat unstayed circular
heads and covers shall be calculated by the follow-
ing formula:

l=££_\/?
10 7

When the head or cover is attached by bolts
causing an edge moment, the thickness ¢ shall be
calculated for both initial tightening and design
conditions and the greater of the two values
selected.
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Fic. 3.10 VaLue or CorrriciENT Z FOR
Non-circuLaR FraT Heaps

3.6.2.2 The thickness of non-circular heads
and covers shall be calculated by the following
formula ;

t = CZa Z

~ 10 ¥a
When the head or cover is attached by .bolts
causing an edge moment, the thickness ¢ shall be
calculated for both initial tightening and design

conditions and the greater of the two values
selected.

3.6.3 Spherically Dished Covers and Quick Opening
Closures

3.6.3.1 Spherically dished covers — The thick-
ness of spherically dished ends secured to the shell
through a flange connection by means of bolts
shall be calculated by:
_ 3pDy
200/
provided that the inside crown radius R of the
dished cover does not exceed 1'3 times the shell
inside diameter Dy and the value of 100 ¢/R is not
greater than 10.

3.6.3.2 Quick opening closures — These shall be
so designed that failure of anyone holding ele-
ment cannot result in release or failure of all of the
other holding elements. Closures of this type
shall be so arranged that it may be determined at
all times by usual examination that the holding
devices are in good mechanical condition and that
their locking elements when closed are in full
engagement.

They shall be so designed that when the vessel

is installed:

a) the closure and its holding elements are
fully engaged in their intended operating
position before pressure can be built up in
the vessel, and

(3.22)

t (3.23)



TABLE 3.7
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VALUES OF D AND C FOR TYPICAL UNSTAYED FLAT HEADS

SL DESCRIPTION
No.

( Clauses 3.6.1 and 3.6.2)

TypicaL EXAMPLE

1. Forged heads

REMARKS
ts

C=05
I
r=0+25t MmN

(a)

ts

C=05

=15ty MIN
(b)

g,::l, MIN

r=3t¢ MiN

7

le- NOT LESS

/ THAN
t

o

(c)
2. Flanged flat heads

le—— CENTRE OF WELD
butt welded to
the vessel

f
[l

C =035 when
t l— TANGENT LINE
3 r=31 MiN

-

C = 045 when C = 05 when

N

TAPER

>(1-00t) v

D = Dj and
r>2 r>2
4 D = D; —rand
—h
3. Heads lap welded

025t Qr<<2t
D = Dy —~r and

taperisl:4

or brazed to the

she!l

taperis 1: 4
CENTRE OF LAP
L=
t | [= TANGENT LINE
i
N

2
¢ —
C=045 when 1> (11 =08 43) d
s ~T=3tMN when 12 12 VD an
_?_Z-L/-lq §-/ C = 055 in other cases
D
I
T

-
L

—‘I

"‘r‘—‘

( Continued )
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TABLE 3.7 VALUES OF D AND C FOR TYPICAL UNSTAYED FLAT HEADS — Contd

SL DescripTIiON Typicar ExampLE REMARKS
No.
4. Plates welded to 0+7ts

the inside of the. s

vessel

—-—0O

s

C=07 \/ ' Lut not less than 0-55

oy e
(b)
tw=2tr ¢ 125t

BUT NEED NOT BE
GREATER THAN

-.} !—.

PROJECTION
BEYOND WELD

1 i /15 0pTiONAL
{ B ’ ! ~ BEVEL
f ] / OPTIONAL
LS‘:M.AX
D \2‘ \\(
Ry
SR
(c)
5. Plates welded to J—ts NOT LESS THAN 125tr
the end of the A
shell ' - \\
D \ C=07
l G\
L
6. Plates welded to 0715

the end of the
shell with an
additional fillet

ts
P2
weld on the ‘f—
D
|
l

Ll

inside g
C= 07 -J .-'i but not less than 0-55
]

s

A

( Continued )
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TABLE 3.7 VALUES OF D AND C FOR TYPICAL UNSTAYED FLAT HEADS — Contd

SL DgscripTiON Typicar ExampLE R EMARKS
No.

7. Covers riveted
or bolted with a
full fave gaskets
to shells, flanges
or side plates

C =042

8. Covers with a {hG
narrow face
bolted flange -~
Jjoint ?

C=/\/ 031 + 190

where I'g is the bolt load

oG

s} B
/p3

B

9. Autoclave man- k——— D*“'1
hole covers

D } 610 mm Iv:;
C= 031 4-95 —
Hit | v P

10. Plates inserted

\RE TAINING RING
into the end of

All means of failures shall be resisted
with a factor of safety of at least 4,

a vessel and 4 Seal welds may be used if desired.
held in place by i N
a positive me- -
chanical locking 0 |
arrangement | - L
Bt B O

(a)

THREADED RING]

7

-

—_—— —a]

o

_.o—.1
\
\
d
i

ot

(c) ( Continued )
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TABLE 3.7 VALUES OF D AND C FOR TYP!CAL UNSTAYED FLAT HEADS — Contd

closure can be fully opened for access.

In case the requirements (a) and (b) are not
satisfied in the design of the closure, provision shall
be made so that devices to accompiish this can be
added when the vessel is installed.

.......... asinle ne closure

Vessels with quu,n\-GpCuh_As Cio!
installed with a pressure gauge or warning device
and, in addition, with means which will prevent
pressure being applied unless the cover and holding
elements are in proper operating condition and

...... Aicanoasarmen dinge alamanta

plCVCuL unscusascuxcxu Uf thL hu‘l\uns CiITIenes
while there is pressure loading on the cover.

3.7 Stayed and Braced Plates

3.7.1 General — Plates which are braced by
being connected to.each other by means of stays,
tubes, blocks, etc, shall be designed in accordance
with the f‘gll_owmu formulae. Though the method
of calculation used is primarily apphcable to flat
parallel plates, it may, when suitable, be applied
to slightly inclined plates or surfaces which because

of their smaller thickness than required under the
clauses of this code are to be stayed as flat plates,

CiUSCSs O Al COUC &1C 10 DT i ayeld lat tHalts,

3.7.2 Design
3.7.2.1 Stays may be attached to the plate
stayed by screwing, welding, expanding, bolting
orbya comhination of any of these methaods.
3 7.2.2 Stays made up of more than one bar
welded into the hody, that is composite bars,
shall not be used.

on
L0

SL Dascmpuu:\ Tyepicar ExaMpPLE REMARKS
No.
. anpmg shall be done cold only when the opcraucn
11. Plates inserted tl\/ will not injure the metal. In other cases crimping
into the ves_sel as g P shall be done when the entire circumference of the
shown and the i e ,{ cylinder is uniformly heated to the proper forging
end of the vessel : 45 MAX temperature for the material. Crimping angle shall
crimped over 1 @?\ P‘ PMN not be less than 30° but need not exceed 45°.
D$ 450 mm | N ~ C=07
D \ MIN t1=t OR tg
[ N\ WHICH EVER IS
| GREATER
(a)
[-‘ AdA YV
43 MAX
30" MIN SEAL WELD
l..i ,%g MIN
pd 4 0eBtgMIN
4
N R
/] oR
ZA-——D ——l g1,
1] p
= { v < 0-05
D %ioof °F U
and p p20f
o)
b) pressure tending to force the closure clear 3.7.2.3 When the stays are of such ‘ong span
of the vessel will be released before the that there is a possibility of undue sagging, consi-

deration should be given to the support of the
stays.

3.7.2.4 Stays shall not bear against the shell
of the vessel except through the medium of a
substantially continuous ring.

3.7.3 Thickness of the Stayed and Braced Plates

3.7.3.1 The thickness of the stayed and
braced plates shall be calculated by the following

formula :
‘ 10 S
where
¢t = minimum thickness of the plate
in mm;
p = design pressure in kgf/cm?;
D = diameter of the largest circle in
mm which may be inscribed bet-
ween the cunnnrfmo' pnmfe of the

.. (3.24)

plate ( see Flg "3.11 )

f == allowable stress value in kgf/mm?;
and

C=a factor depending on the
mode of support and is given by
Fig. 3.12A to 3.12F. When the

cnnnnrt?d in different

?‘nfﬂ
ways on the "circumference of the
inscribed circle of diameter D, a

mean value is to be adopted for C.

is
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{A) FLANGE OF A FLANGED HEAD (B) WELDED BRACE
C=0.45 C=0+45

7
(C) WELDED TUBE STAY (D) EXPANDED AND BEADED TUBULAR STAY
C=0-55 C=0-5%

%
i 7,

{€) FAR. STAY WITH WASHER OF (F) BAR STAY W!TH WASHER AND
DIA NOT LESS THAN 2.5 TIMES REINFORCING PLATE OF DIA
THE STAY DIA NOT LESS THAN 0:3D

C=0:45 C=0+40

F16. 3.12 VaLuges or Co-eFriciENT  DerexDING ON THE TYPE oF STAY
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3.8 Openings, Branches and Compensation

3.8.1 General

3.8.1.1 Openings in the shell or end plates
of a vessel shall be circular, elliptical or obround
with a ratio of major to minor inside diameter
not exceeding 2,

3.8.1.2 It is preferable to locate all openings
clear of welded seams.

3.8.2 Limitation of Formulae

3.8.2.1 The formulae and rules given here
for the design of compensation around openings
are intended to apply directly to openings and
branch connections not exceeding:

a) one-third the inside diameter of the shell
for cylindrical and spherical shells;

b) one-third the inside diameter of the conical
section measured where the nozzle axis
pierces the inner surface of the conical sec-
tion, and for conical sections; and

¢) one-half the outside diameter of the end for
ends.

Compensation of larger openings should be
the subject of special consideration and, if neces-
sary, the adequacy of the proposed design should
be demonstrated by means of model tests or
hydraulic proof test in accordance with 8.4.

In the case of large openings in ends, the use
of a conical or reversed curve reduction piece
( see Fig. 3.9 ) is recommended.

Details shown in Fig. 3.13A t 3.13E offer
progressive reductions in stress concentration. This
consideration is of particular significance in the
case of services involving severe fluctuations in
pressure or temperature ( see Appendix E) or
low temperature duties ( se¢e Appendix D ).

3.8.2.2 The formulae and rules given here
are not directly applicable to:

a) oblique nozzles when the angle between
the axis of the nozzle and a line normal to
the shell surface exceeds 13°, and

b) multiple openings or multiple branches
where the axial distance is less than ‘5
times avcrage diameter.

3.8.3 Uncompensated Openings — Isolated open-
ings in cylindrical or conical shells or spheres
having a diameter not exceeding that given by
Fig. 3.14 subject to a maximum of 200 mm, do not
require added compensation.  For the limitations
governing uncompensated openings in the ends,
see 3.4.3.

Openings spaced apart a distance not less than:
d(taft, )
(ialte — 0°95) (3.23)

but in no case less than twice the diameter of the
larger opening may be regarded as isolated
openings.

L =

30

where

L = distance between centres of any
two, adjacent openings in mm;

d = diameter of largest opening, in the
case of an elliptical or obround
opening the mean value of the two
axes in mm;

t, = actual thickness of vessel before
corrosion allowance is added in
mm;

t, == required thickness of vessel putting
J = 10 before corrosion allowance
is added in mm; and

K = a factor equal to P20
Fig. 3.14A & B)

When K has a value of unity or greater, the
maximum size of an unreinforced opening shall
be 50 mm.

3.8.4 Location of Compensated Openings in Ends —
Compensated openings in domed ends of semi-
ellipsoidal or dished shape should preferably be
so locdted that the outside of any attachment or the
edge of any additional compensation will not be
a greater distance from the centre of the end than
40 percent of the outside diameter of the end.
In cases where this is not practicable the vessels
shall be subjected to a hydraulic proof test
(see 8.4) except where similar vessels have
proved the adequacy of the design by satisfactory
operation under comparable conditions over a
substantial period { see 3.4.3.2 for uncompensated
openings ).

3.8.5 Compensated Openings in Shells and ends

3.8.5.1 Genral — At all planes through the
axis of the opening normal to the vessel surface
the cross-sectional area requirements for compensa-
tion as calculated below shall be satisfied:

Material in added compensation, or in a
branch, should have similar mechanical and
physical properties to that in the vessel shell or
end. Where material having a lower allowable
stress than that of the vessel shell or end is
taken as compensation its effective area shall
be assumed to be reduced in the ratio of the
allowable design stresses at the design tempera-
ture. No credit shall be taken for the additional
strength of material having a higher stress
value than that in the shell or end of the vessel.

3.8.5.2 Calculation of compensation required

a) Area required to be compensated — The total
* cross-sectional area of compensation, A4,
required in any given plane for a vessel
under internal pressure shall be not less
than:
A=2dt, (3.26)

where

d = nominal internal diameter of the
branch plus twice the corrosion
allowance in mm (se Fig. 3.15
and 3.16),



¢, = thickness, in mm, of an unpierced
shell or end calculated from equa-
tions 3.1 and 3.3 and if the
opening is located clear of any
welded seam J=10 except that:

1) For dished and flanged and hemi-
spherical ends — When the open-
ing and its compensation are
located entirély within the
spherical portion of a dished
end, ¢ is the thickness required
for a sphere having a radius
equal to the spherical portion of
the end.

For semi-ellipsoidal ends — When
the opening and its compensa-
tion are in an ellipsoidal end and
are located entirely within a
circle having a radius, measured
from the centre of the end, of
040 of the shell diameter, ¢
is the thickness required for a
sphere having a radius R, deriv-
ed from the following:

JD;]0-167]0-178 0°192
Ry/Dy|136 |127 |I'I8
hy/Dy 10227025 10-277(0:312
RyD; 009|090 1081 10°73

hy{Dy|0:357 (040 |0-45 ,0-50
Ri/Dy|0-65 |0-59 10:54 [0-50

2)

0-207

TRA
1°Uo

)
4
—4—dl A —
l V% J1 V%
(A (B)
| T
.—d; - 1‘/7'/
B |
y 4 N
I | \
(o)) (D) (E)
Fig. 3.13 Tvricar CoMpENSATED OPENINGS

where

hy = depth of dishing of end plate
measured internally ( see Fig. 3.3 )
in mm,

D; = inside diameter of end plate in
mm, and

R, = inside radius of equivalent sphere
in mm

3) When the opening is in a cone,
t is the thickness required for
a cone of diameter Dg where
the centre line of the opening
pierces the inside surface of the
cone.

b) Material available for compensation — Only
material located within the rectangle
wxyz ( see Fig. 3.15) shall be deemed effec-
tive compensation.

1) The portion of the shell or end available
for compensation shall be taken as:
A=d(t—t —c) .. (3.27)
2) The portion of the branch external to
the vessel available for compensation
shall be taken as:

A —9H (¢t —_ ¢t — ¢\ (398
o = LN E— b =0 G
3) The portion of the branch inside the
vessel available for comnensation shall
or compensation shall
be taken as:
Ay =2H, (t —2C) (3.29)
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where external to vessel which is effec-
A, = area of portion of shell or end tive as compensation in mm?;
which is cllective as compensa- ¢ = actual thickness of part, that is,
tion mm?; shell, end or branch, under
A, = area of portion of branch pipe constderation, in mm;
ggee & ® S ®
200 /x-t £ £ ¥ ¥ /% o
/ / / / yd
90 K=e80
iR/ aydydunrs
180 ,j / /
N/ /1 X AT L
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Fic. 3.14A MaxmMum DIAMETER OF NON-REINFORCED OPENINGS



., MAXIMUM DIAMETER OF OPENING IN mm (d)
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ty = minimum required thickness of height of the fitting; and
part under consideration putting H, == hcight of any portion of branch
¢ =0, in mm; pipe projecting inside vessel and
H, = height of effective compensation effective as compensation, meca-

sured from the inside surface of
vessel or compensation rving. in
mm, the lesser of ¢/ d/{ -- 20}
and the actual height of the

in branch wall external to vessel,
measured from outside surface
of compensation ring or vessel
wall, in mm, the lesser of

v d(t=¢) and the actual fitting;
200
190 Kze20
/
180 — — e M
170 // // K40
/ /// 7 K=+50
160 A
~ L7
150 / ,/ﬁ//// /A“"”
140 // //é/r// / / K=¢70
130 ’ L //// ,// ]
/
120 %////////// - K=+80
1
) VA/// /‘///// — e
|
100 //////?/////,// L]
% //A//////// L1 " Kee90
80 7/ / // // /////(// —
/ _’J | K2495
v/ /enemmnl
L
50 ///// // /,-/
40| //// // —T Kf:l;tzg
/e — 1
20 .
0 5000 10000 5000 mm

ORUM DIAMETER x THICKNESS (Dx t)

Fi16, 3.14B MaxiMum DIAMETER OF NON-REINFORCED OPENINGS
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3¢

A; = area of portion of brahch pipe
inside vessel which is éffective
compensation:

¢ = corrosion allowance in mm; and

inside diameter of branch in cor-
roded condition, in mm.

Where the calculated value of 4 is greater
than ( 4,+4,-+4;), additional compensa-
tion equal to 4—( 4,+4, +4;) shall be

p rovided.

Compensation of flanged-in  openings — ( see
3.4.3). Compensation for openings of this
type, as shown in Fig. 3.17, shall be cal-
culated as above except that:

1) The depth of flanging which may be
counted as compensation shall be in
accordance with equation 3.30:

Hy= v W(i=¢c) . (3.30)

where

Hy = depth of flanging, in mm, allowed

as compensation and as shown in
Fig. 3.17.

Note — Hj for a cylindrical shell is measu-
red at the side of the minor axis, and for a
domed end at the side of the major axis.

W is the maxxmum width of opemng in mm
as shown in Fig. 3.17. Where the opening

is cut in a cylmdncal shell, W shall be the
minor axis and shall be placcd paralliel to the

Whara the anening

Yy aCre tne opening cut

15 Cut

axis of the vesscl.
ina domed or flat end, W shall be the major
axis.
2) The area of compensation ne
shall be determined by equation

A
4

ssary
31

79

= Wpnt ... (3.31

where

area of compensation required,
in mm”;

in F 1g 3. 17 measurcd parallel
to the longitudinal axis of the
vessel in the case of openings
in shells, or, m the case of open-
lnga in end pmu:o, measured
along the major axis of the

opening, in mm; and
calculated thickness in mm,
and, if the opening is located
clear of a welded joint, J=1-0,
3) The full thickness of the flanging, less
corrosion allowance may be counted as
compensation ( see Fig. 3.17 ).

d) ‘Compensation of openings in flat end plates

1) Flat plates that have an opening with a
diameter that does not exceed one-half
of the end plate diameter shall have a

eS|
totaz

tion not less than that required by equa-
tion 3.32:

A=dt.

~vnce_cantinnal aran Af vy
Cross-sectiona: area o1 compensa-

(3.32)

2) Flat plates havmg an opening thh a
diameter exceeding one-half of the
end diameter shall be designed as a
flange ( see 3.10 ).

———NOT TC €XCEED 20 ~—-——ey

DE OF VESSEL
area of compensation [T 1o se noT Less THan area B

L INS

Thickness exaggerated for clarity and weld profiles
shown diagrammatically only,

Fic. 3.15 SiMpLE ¢ THROUGH ' BRANCH
ConNEcTION, SHOWING EFFECTIVE AREA
rOR COMPENSATION

+

— - NOT TO EXCEED Zd‘——“
{
T

Fig, 2.16

A xS Vea

SuowiNg EFFECTIVE AREA FO COMPENSATION

l———————NOT TO EXCEED 2w ————-—1
W )

~

- p— T
Fu o i 1 I
?3 ; r___/? ':
B S = —%

AREA OF COMPENSATION 70 BE NOT LESS THAN AREA B

Additional compensation provided, If necessary.

Fra. 3.17 Franoep-in Opening, Smowing

TG & aINAINST g TINIVY aav

ErrecTive COMPENSATION



3.8.5.3 Compensation for openings  subject
lto external pressure — This need be only 50 per-
cent of that required in 3.8.5.2 where £, is
the required minimum thickness under external
pressure.

3.8.6 Tcll-Tale Holes — Compensating  rings
and similar constructions which may have cham-
bers sealed in by the welding construction shall
have at least one tell-tale hole tapped to P } size
( see IS : 554-1964* ).

3.8.7 Screwed Connections

3.8.7.1 Screw threads — Threads shall be in
accordance with IS : 554-1964*, IS: 2643-19641,
1S:3333 (Part 1)-1967%, and IS:4218-1968§.
The following constructions are permitted ( see
Fig. G.1 t0 G.5):

a) Threads may be tapered or parallel, but if
parallel threads are used, a collar on the
pipe and a facing around the hole shall
be arranged to provide a joint-face; and

b) Screwed connections should not exceed
P 1} size { see 1S:554-1964* ) or equiva-
lent.

3.8.7.2 Tapped holes in plates — The maximum
diameter shall not exceed the thickness of the
plate before adding corrosion allowance.

3.8.7.3 Welded sockets — These may be used
for construction as shown in Fig. G.3 to G.5.

3.8.8 Studded Connections

3.8.8.1 Whenever possible, it is recommended
that studded connections be avoided. The vessel
shall have a surface machined flat on a built up
pad or on a properly attached plate for making
the connection ( see Fig. G.6 to G.12).

3.8.8.2 Where tapped holes are provided for
studs, the threads shall be full and clean and shall
engage the stud for a length not less than the larger
of d, or
allowable stress for the stud material
_ at design temperature

0-75d, X llowable stress for the tapped mate-

rial at design temperature

where d, is the stud diameter.

3.8.8.3 Stud holes should not penetrate to
within 0-25 times the wall thickness from the inside
vessel surface, after deducting corrosion allowance;
but when stud holes penetrate to within 0-25 times
the wall thickness from the inner surface of the
vessel, additional metal. shall be provided on the

inside.

¢Dimensions for pipe threads for gas list tubes and
screwed fittings.

+Dimensions for pipe threads for fastening purposes.

$Dimensions for petroleum industry pipe threads: Part I
Line pipe thread:.

$1SO metric screw threads.

IS : 2825 - 1969

3.8.9 Branch Pipes

3.8.9.1 The thickness of the branch pipe
shall be adequate to meet the design requirement
and shall in addition take into consideration the
following factors:

_a) Corrosion, erosion and wear;
b) Loads transmitted to the pipe from connect-
ing piping; and
c) Accidental loadings that may happen
during transit and erection.

But in no case it shall be less than that given
by the following table:

Branck Nominal Size, Minimum Thickness*, mm

mm — A

Carbon & ‘Austeniti:‘
Ferritic Stainless

Alloy Steels  Steels

51 & smaller 5 3

65, 80, 90 6 5

100, 150 8 6

203, 254 10 8

305 11 10

356 13 10

406, 457 16 13

3.9 Access and Inspection Openings
3.9.0 General

3.9.0.1 All vessels subject to internal corrosion
or having parts subject to erosion shall be
provided with suitable inspection and/or access
openings so located as to permit a complete visual
examination of the interior of the vessels, In the
case of vessels, in which vapours and/or fumes
are likely to be present in such concentration as to
be dangerous to persons entering the vessel for
inspection andfor maintenance, manholes of
adequate dimensions shall be provided?.

3.9.0.2 Manholes, where provided, shall be
at least 450 mm in diameter if circular and if
elliptical its dimensions shall not be less than
450 x 400 mm.

3.9.1 Requirements for Inspection Openings and
Manhole

3.9.3.0 All vessels required by 3.9.0.1 to
have inspection and/or access openings shall be
provided with handholes, mudholes and manholes
in number and sizes as follows; to facilitate clean-
ing and inspection:

Inside Vessel Requirement
Diameter

a) Up to  Two openings each not less
230 mm than 30 mm clear bore

*The thickness is in corroded condition.

$See Section 36, Chapter 1V of the Indian Factories
Act, 1948. See also 1S :3133-1965 ‘Mauhole and inspection
openings for chemical equipment’.

35
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Inside Vessel
Diameter

b) 230 mm to Two openings each of not less
400 mm than 45 mm clear bore

¢) 400 mm to Two circular  openings of
600 mm minimum 90 mm diameter or
two elliptical openings of
minimum dimensions 90 x

70 mm

d) 600 mm to One manhole or two ellipti-

Requirement

900 mm cal inspection openings of
minimum dimensions 125 x
75 mm and if circular, of

equivalent area.
€) 900 mm At least one manhole except
and above where the shape or use of

vessel makes this impracti-
cable in which case they
shall be provided with suffi-
cient elliptical handholes of
minimum dimensions 150 x
100 mm, and if circular, of
equivalent area,

Note — For any vessel for which manholes have to be
provided to permit inspection or other purposes, the user
should inform the manufacturer if dangerous fumes are
liable to be present, after the vessel has been in operation,
to such an extent as to involve the risk of persons being
overcome thereby. In such a case, it is recommended
that the vessel be provided with at least two manholes
to facilitate rescue operations.

3.9.1.1 Openings for pipe connections,

removable ends or cover plates may be used in
place of inspection openings provided they are
equal at least to the size of the openings permitted
and can be conveniently removed for inspection.
A single removable end or cover plate can be used
in place of all other inspection openings if it is
of such a size and location that a general view of
the interior is given at least equal to that obtained
with inspection openings otherwise required.

3.9.1.2 Handling gear — Lifting gear shall be
provided to facilitate the handling of manhole
covers which are in the vertical plane and which
weigh more than 60 kg. A manhole cover located
in the horizontal plane shall be fitted with lifting
handles provided its weight does not exceed 100 kg.
When the cover weight exceeds 100 kg, supporting
gear shall be provided.

3.9.2 Location

3.9.2.1 Manholes shall be so located as to
permit ready ingress and egress of a person.

3.9.2.2 Manholes or handholes in cylindrical
shells shall, where practicable, be placed away
from any welded seam.

3.9.2.3 Non-circular manhole or handhole
openings shall, wherever possible, be arranged
with their minor axes parallel to the longitudinal
axis of the vessel.

3.9.3 Minimum Gasket Bearing Width and Clearance
for Manhole Cover Plates —— Manholes of the type in
which the internal pressure forces the cover plate

36

against a flat gasket shall have a minimum gasket
bearing width of 17:5 mm. The total clearance
between the manhole frame and the spigot or
recess of such doors shall not exceed 3 mm, that
is 1'5 mm all round.

3.9.4 Threaded Openings — When a threaded
opening is to be used for inspection or cleaning
purposes, the closing plug or cap shall be of a
material suitable for the pressure and temperature
conditions.

Threads may be tapered or parallel, but if
parallel thrcads are used, a collar on the pipe
and a facing around the hole shall be arranged
to provide a joint face. Threads shall be in accord-
ance with IS: 554-1964* or 1S: 3333 ( Part I )-
19671. Screwed connections should not exceed
size P1} of IS:554-1964* or equivalent.

3.10 Bolted Flange Connections

3.10.1 Tjypes — Bolted flanges may be divided
into two broad types as follows:

a) Wide-face flanges in which the joint ring or
gasket extends over the full width of the
flange face. These are suitable only when
used with comparatively soft gaskets. It is
recommended that full-face joint flanges
should not be used for pressures exceeding
20 kgf/cm? or temperatures exceeding
250°C.

b) Narrow face joint flanges in which the joint
ring or gasket does not extend beyond the
inside of the bolt holes ( see 4.3).

3.10.2 Flangesto IS: ............... ¥ or equivalent
shall be used for connections to external piping.
Flanges not covered by IS: ...............  like shell

flanges, which are not subject to appreciable loads
due to external bending moments, shall conform to
1S:4864 to 4870-1968Y. Non-standard flanges
not covered by these or other Indian Standard
specifications may be designed in accordance
with the requirements of 4.

3.10.3 Attachment of Flanges — Bolted flanges
may be attached to the vessel or branch pipe by
any of the methods given in Fig. G.39 to G.44.

3.11 Ligament Efﬁciéncy

3.11.1 General — Where a shell is drilled with
multiple holes, for example, in tube plates, its
strength is reduced in proportion to the metal
removed and according to the relative arrange-
ment of the holes. Insuch cases it is necessary to
calculate the strength of the ligaments between
the holes. In the clauses that follow, methods
for calculating the ligament efficiency are given.
The shell thickness and the working pressure
shall be based on the ligament having the lowest
efficiency.

*Dimensions for pipe threads for gas list tubes and
screwed fittings.

tDimensions for petroleum industry pipe threads: Part 1
Line pipe threads.

tSpecification for stecl pipe flanges ( under preparation ).

Dimecnsions for shell flanges for vessels and equipment.



3.11.2 Drilling Parallel to the Axis — When the
tube holes are drilled in a cylindrical shell parallel
to its axis, the efficiency J of ligaments shall be
determined as follows.

3.11.2.1 Regular drilling — When the holes are
regularly spaced along the line in question, the
following equation shall apply:

p—d-

J = )

(3.33)

where
p = pitch of tube holes, and
d = diameter of tube holes,

3.11.2.2 Irregular drilling— When the pitch
of holes along the line in question is unequal, the
following equation shall apply ( Fig. 3.18 ):

—_b—md 3.34
J 7 (3.34)

where

p = total length between centres corres-
ponding to n consecutive ligaments,
This length should conform to
conditions specified in 3.11.5;

n = number of tube holes in length
$; and

d = diameter of tube holes.

3.11.3 Circumferential Drilling — When bending
stresses due to weight are negligible, the efﬁciency
of ligaments between holes in the case of a cir-
cumferential drilling shall not be used in the cal-
culation of thickness of a cylindrical shell, provided
that the efficiency of circumferential hgaments
calculated according to 3.11.2.1 or 3.11.2.2 is
at least one-half of the efficiency of longitudinal
ligaments,

If this condition is not complied with, equation
3.1 shall be used with J equal to twice the effi-
ciency of circumferential ligaments calculated
according to 3.11.2.1 or 3.11.2.2. For applying
in 3.11.2.1 or 3.11.2.2 the pitch of tubes shall be
measured either on the flat plate before rolling
or along the median line after rolling.

3.11.4 Drilling Along a Diagonal Line

3.11.4.1 When bending stresses due to
weight are negligible and the tube holes are

=P '\:ﬁ

CENTRE LINE OF CYLINDER
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arranged along a diagonal line with respect to the
longitudinal axis, the efficiency J of corresponding
ligaments is given in Fig. 3.19 with the ratio /a

on the abscissa and the ratio _2a__2_:_d
as a parameter where 4 and b are to be measured
as shown in Fig. 3.20A and 3.20B, d is equal to
diameter of the tube holes, and « is the angle of
centre line of cylinder to centre line of diagonal
holes.

d
, or — used
a

Note — The dimension & shall be measured either on
the flat plate before rolling or on the median line after
rolling.

The data on Fig. 3.19 are based on the follow-
ing formula:

J = 2
A4+B+yA=BR+aCt
where
2
4= cos?x 4~ 1
2 l_dcosot
2a
B=1}(1— d cosx )(smza-{-l)
cm e
2(1— )
a
1
cosq =
VLB
14—
1
sing = ———
a2
\/1+ b2

3.11.4,2 The same rule shall apply for the
case of drilling holes to a regular saw-tooth pattern
as shown in Fig. 3.20C. -

3.11.4.3 In the case of a regular staggered
spacing of tube holes, the smallest value of the
efficiency J of all the ligaments ( longitudinal,
circumferential, and diagonal), is given in
Fig. 3.21 by the ratio p./pr. on the abscissa:
pr — d

and the ratio or —
L a

Fic. 3.18 IRReGULAR DriLLING
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where
d = diameter of the tube holes,

pe = 2b = twice the distance between
circumferential rows of holes,

L = 2a = twice the distance between
axial rows of holes, and

a« = angle of centre line of cylinder to
centre line of diagonal holes,

‘Note — The dimension p, shall be measured cither on
the flat plate before rolling or on the median line after
rolling.  The data on Fig. 3.21 are based on the same
formulae as Fig. 3.19,

3.11.5 Length Whick Can be Taken into Consi-
deration for Drilling of Unequally Spaced Holes —
Where holes are unequally spaced, the average
ligament efficiency J (used in the equation 3.1)
shall be not more than what can be calculated
{using the equation (3.34) ] at any part over a
ength equal to the inside diameter of the shell
( maximum 1 500 mm ), or not more than 1-25
times that obtained over a length equal to the

IS : 2825 - 1969

inside radius ( maximum 750 mm ) taken at the
least favourable part.

A lower efficiency calculated over a shorter
length need not be considered.

If the unequally spaced holes form a symme-
trical pattern over a length greater than the inside
diameter of the shell with a maximum of 1 500
mm to give a greater efficiency over such length
than is obtained above, then this greater effi-
ciency may be used.

When holes spaced longitudinally along a drum
are not in a straight line, the ‘equivalent longitudi-
nal pitch for each spacing may be used in the
application of the above rules. This equivalent
pitch is obtained by multiplying the actual longi-
tudinal pitch by the equivalent efficiency obtained
from Fig. 3.19 for each spacing.

3.11.6 Tube plates in heat exchaugers and pres-
sure vessels shall be designed in accordance with
the requirecments of IS: 4503-1967*.

3.12 Jacketed Vessels

3.12.1 General — In addition to the require-
ments stated elsewhere in this code, the design of
jacketed vessels shall take into consideration the
following factors:

a) The inner vessel shall be designed to resist
the full differential pressure that may exist
under any operating conditions, including
accidental vacuum in the inner vessel due
to condensation of vapour contents,

b) The local stresses that may be caused by
differential expansion between the jacket
and the jacketed vessel.

c) Where the inner vessel is to operate under
vacuum and the hydraulic test pressure for
the jacket is correspondingly increased to
test the inner vessel externally, care shall
be taken that the jacket shell is designed
to withstand this extra pressure.

3.12.2 Attachment — The jackets may be secured
to the shell or ends or both by means of any
suitable holted or welded connections that is ap-
propriate under the conditions of service ( see
Fig. G.45 to G.59 and G.66 ).

3.12.3 Stays — Stays may be used to secure the
jacket to the jacketed vessel or end. Wherever
they are provided, the surfaces shall be caiculated
as flat stayed surfaces (se¢e 3.7). Stays which
require perforation of the walls of the inner
vessel shall not be used.

3.12.4 Outleis — Outlets which pass through the
jacket space -or through recesses in jackets are

common practice in the case of jacketed vessels
( see Fig. G.60 to G.65 ).

3.12.5 Compensation — Where reinforcement is
required it shall be in accordance with the require-
ments of 3.8,

#Snerificatian for shell and tube type heat exchangers.
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3.13 >Supports — { See also Appendix C ).

3.13.1 General Design — The details of supports
and internal structures shall conform to good
practice. Care shall be taken that the tempera-
ture gradients in external structures immediately
adjacent to the shell do not produce stresses in
excess of those laid down as permissible. If
necessary, lagging should be applied to limit the
temperature gradient to a value producing accept-
able stresses. Loads arising from differential
thermal expansion of the shell and the supporting
structure in general shall not produce stresses in
excess of those permitted by the respective speci-
fication. External stays or internal framing that
may be used for supporting internal parts may be
used to provide a stiffening effect on the shell where
exterior supporting structures, which do not form
part of the vessel, should comply with the require-
ments of IS:800-1962*. When such supports

-are to be constructed in reinforced concrete
they should comply with the requirements of
TS : 456-19641.

In case of load carrying attachments welded
directly to pressure parts, the material and the
deposited weld metal shall be compatible with that
of the pressure part.

3.13.2 Vertical Vessels

3.13.2.1 Bracket support — Where vertical ves-
sels are supported on lugs or brackets attached to
the shell { Fig. 3.22A ), the supporting members
_under the bearing attachments shall preferably
be as close to the shell as clearance for insulation
will permit. The choice between a number of
brackets and a ring girder will depend upon the
conditions for each individual vessel.

3.13.2.2 Column support — Vertical vessels sup-
ported on a number of posts or columns may re-
quire bracing or stiffening by means of a ring
girder, internal partition or similar device in order
1o resist the force tending to buckie the vessel
wall.

3.13.2.3 Skirt support — This type of support
as indicated in Fig. 3.22B and 3.22C should be
not less than 7 mm thick in corroded condition.
Where the product of skirt diameter (mm),
thickness (mm ), and temperature at the top
of the skirt above ambient (deg) exceeds
16 % 108 ( mm? deg) account should be taken
of the discontinuity stresses in both skirt and
vessel induced by the temperature gradient in
the upper section of the skirt. It is recom-
mended that these stresses should be assessed
by the criteria of 3.3.2.4 and Appendix C.

*Code of practice for use of structural steel in general
building construction (under revision ).

tCode of practice for plain and reinforced concrete for
gencral building construction ( second revision ).

1S : 2825 - 1969

Where the value of the product is less than
16 x10¢ (mm?2deg) the nominal cormpressive
stress in the skirt should not exceed one-half of the
yield stress of the skirt material at the temperature
concerned or the value expressed by:

0125 E.t
— C

Jmax = D o (3.35)

where

E = elastic modulus in kgf/mm? ( see
Tables 3.1 to 3.4 ),

¢t = skirt thickness in mm,
D = skirt diameter in mm, and

a = half the top angle of the conical
skirt {for cylindrical skirts
cos a=1).

3.13.3 Horizontal Vessels

3.13.3.1 Horizontal vessels may be supported
by means of saddles, equivalent leg supports or
ring supports as shown in Fig. 3.22D and
Fig. 3.22E.

The welds attaching ring supports to the vessel
should have a minimum leg length equal to the
thickness of the thinner of the two parts being
joined together.

3.13.3.2 Saddles may he used for vessels of
which the wall is not too thin, Saddles should
preferably extend over at least 120 degrees of the
circumference of the vessel. " For thin vessels it
may be desirable to place the saddles at points
near the ends of the vessel.

3.13.3.3 For thin-walled vessel where “ex-
cessive distortion due to the weight of the vessel
may be expected, ring supports as shown in
Fig. 3.22E, are recommended. Where practicable,
two ring supports only are preferable.

3.14 Internal Structures

3.14.1 Internal structures and fittings shall be
designed in accordance with good engineering

‘practice and shall be arranged as far as practicable

to avoid imposing local concentrated loads on the
vessel,

3.14.2 Local loads from internal structures or
from wvessel contents shall be carried, where
possible, by means of suitable stiffeners and or
spacers directly to the vessel supports and thus
to the foundations without stressing the vessel
walls or ends.

3.14.3 Horizontal cylindrical vessels, which are
provided with vertical external tower like exten-
sions, should, where necessary, have the exten-
sions supported independently of the vessel,
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4. FLANGE CALCULATIONS FOR
NON-STANDARD FLANGES

4.1 General

4.1.1 The rules in this clause apply specifically
to the design of bolted flanged connections and
are to be used in conjunction with the applicable
requirements of this standard.

These rules provide only for hydrostatic end
loads and gasket seating. Where suitable, flanges
complying with the appropriate Indian Standards
{ see 3.10.2 ) shall be used and in such cases the
calculations required by this section need not be
carried out.

4.1.2 The design of a flange involves the selec-
tion of the gasket ( material, type and dimensions ),
flange facing, bolting, hub proportions, flange
width, flange thickness, Flange dimensions shall
be such that the stresses in the flange, calculated
in accordance with 4.7 do not exceed the values
specified in 4.8.

4.1.3 Hub flanges shall not be made by machin-
ing the hub directly from plate materials except
subject to special approval by the purchaser.

4.1.4 The thickness of flanges shall be deter-
mined as the greater required either by the
operating or by the bolting-up conditions and in
aﬁ cases both conditions shall be calculated in
accordance with the following:

a) Operating conditions — The operating condi-
tions are the conditions required to resist
the hydrostatic end force of the design
pressure tending to part the joint, and to
maintain on the gasket or joint-contact
surface sufficient compression to assure a
tight joint, all at the design temperature,
The minimum load is a function of the
design pressure, the gasket material, and the
effective gasket or contact area to be kept
tight under pressure { equation 4.1 ), and
determines one of the two requirements
for the amount of the bolting, Am,. This
load is also used for the design of the flange
( equation 4.3 ).

b) Bolting-up  conditions — The  bolting-up
conditions are the conditions existing when

the gasket or joint-contact surface is seated.

by applying an initial load with the bolts
when assembling the joint, at atmospheric
temperature and préssure. The minimum
initial load considered to be adequate for
proper seating is a function of the gasket
material, and the effective gasket or contact
area to be seated (equation 4.1) and
determines the other of the two require-
ments for the amount of bolting, Am,.
For the design of the flange, this load is
modified ( equation 4.4), to take account
of the operating conditions, when these
govern the amount of bolting required,
Am as well as the amount of bolting actually
provided, Ap.

1S : 2825 - 1969

4.1.5 The following rules are based upon consi-
derations of strength. In unusual circumstances
consideration may be required to ensure freedom
from leakage*,

4.2 Fasteners — It is reccommended that bolts
and studs have a nominal diameter of not less than
12 mm. If bolts or studs smaller than 12 mm are
used, bolting material shall be of alloy steel.
Precautions shall be taken to avoid over stressing
smaller diameter bolts. Bolts and studs shall
not have a thread of coarser pitch than 3 mm
pitch except by special approval by the purchaser.

4.3 Classification of Flanges — For design
purposes, flanged facings shall come .nder one
of the following categories:

a) Narrow-Faced Flanges — These are flanges
where all the face contact area lies inside
the circle enclosed by the bolt holes. They
may be of the gasketed type or have face-
to-face joints or a combination of both with
or without a seal weld. The design rules
for such flanges are given below.

b) Wide-Faced Flanges — These are flanges with
face contact area outside the circle enclosed
by the bolt holes. The design rules for
these flanges are not included (see 4.1).

4.4 Flanges Subject to Internal Pressure
( Narrow-Faced Flanges ) — The flange design_
methods outlined in this clause, together
with 4.5, 4.6, 4.7 and 4.8 are applicable to
circular flanges under internal pressure.

The notation described below is used in the
formulae for the design of flanges ( se¢ also Fig.
4.1).

A = outside_ diameter of flange or, where
slotted holes extend to the outside of the
flange, the diameter to the bottom of the
slots, mma3.

Ap = actual total cross-sectional area - of
bolts at root of thread or section of least
diameter under stress, mm?2.

Am = total required cross-sectional area of
bolts, taken as the greater of Am, and
Am,, mm?,

Am, = total cross-sectional area of bolts at
root of thread or section of least dia-
meter under stress, required for the
operating conditions, mm? = W, [Sp.

Am, = total cross-sectional area of bolts at root
of thread or section of least diameter
under stress, required for gasket seating,
mm? = Wm’/s..

B = inside diameter of flange, mm.

Cg = bolt pitch correttion factor

bolt spacing
2 (.bolt diameter ) +- ¢

*Reference. Murray N.W. and Stuart D.G. ‘Behaviour
in large taper hub flanges’. Symposium on pressure vessel

research towards better design. Inst. Mech. E. 1961.
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b = effective gasket or joint-contact-surface
seating width, mm ( see Note in 4.5.2 ).

2b = effective gasket or joint-contact-surface
pressure width, mm ( see 4.5 ).

bo = basic gasket seating width, mm ( from
Table 4.2 and Fig. 4.2).

C = bolt-circle diameter, mm

d = factor, for integral-type flanges
U

1
d = —‘—/ }logo i
for loose-type flanges ‘>
U

d= T /'ogo J

e = factor, for integral- typc ﬂanges b
i

}

!

£
ko

e =

for loose-type flanges

e = T1 J

ho
F = factor for integral-type flanges ( from
Fig. 4.4).
Fy = factor for loose-type flanges (from
Fig. 4.6 ).

= hub stress-correction factor for integral
flanges from Fig. 4.8 (when greater
than 1 this is the ratio of the stress in the
small end of hub to the stress in the
large end ); (for values below limit of
figure use f=1).

G = diameter at location of gasket load
reaction. Except as noted in sketch A
of Fig. 4.1, G is defined as follows
( see Fig. 4.2).

when 6o < 6'3 mm, G = mean diameter
of gasket contact face, mm:

when 4 > 6:3 mm, G = outside dia-
meter of gasket contact face less
26, mm.

go = thickness of hub at small end, mm.
g, = thickness of hub at back of flange, mm.
H = total hydrostatic end force, kgf=

G*.

400

Hyp = hydrostatic end force on area inside
of flange kgf = = /400 52,

Hg = gasket load ( difference between flange
design bolt load and total hydrostatic
end force ), kgl Hg = Wm; — H= Hy
for operating condition, Hg = W for
gasket seating condition.

Hp = total joint-contact-surface compression

_ 2nbGmp
load, kgf = -_16-0—

Hp = difference - between total hydrostatic
end force and the hydrostatic end force
on area inside of flange, kgf = H— Hp,

h = hub length, mm.

hp = radial distance from the bolt circle, to
the circle on which Hp acts, as pres-
cribed in 4.6, mm.
h¢ = radial distance from gasket load reaction
to the bolt circle, mm
_¢-C
="y
ho = +/Bg,, mm
hr = radial distance from the bolt circle to

the circle on which Hr acts as pres-
cribed in 4.6, mm.

K = ratio of outside diameter of flange to
inside diameter of flange = A/B.

_ te + 1 3

= factor = [ T +7]

Matm X Sro

SFa

Maim = total moment acting upon the flange
for gasket seating conditions, kgf'mm.

M,yp = total moment acting on the flange for
operating conditions, kgf mm.

m = gasket factor, obtained from Table 4.1
( see Note in 5.4.2 ).

N = width, mm, used to determine the basic
gasket seating width bo, based upon the
possible contact width of the gasket
( see Table 4.2 ).

p = design pressure, kgf/cm®. For flanges
subject to external pressure, see 4.9.

M, = The greater of Ay, or

R = radial distance from bolt circle to point
of connection of hub and back of flange,
mm ( integral and hub flanges ),
C—B
2 - &

Sa = nominal bolt stress at ambient tempe-
rature, kgf/mm? ( see Table 4.5 ).

Sp = nominal bolt stress at design tempera-
ture, kgf/mm? ( see Table 4.5 ).

Sra = nominal design stress for flange material
at ambient temperature ( gasket seating
conditions }, kgf/mm? from Table 2 1*.

Sro = nominal design stresses for flange
material at design  temperature
( operating condition ), kgf/mm? from
Table 2.1*.

Sy = calculated longitudinal stress in hub,
kgf/mm?2,
Sg = calculated radial stress in flange, kgf/
mm?. )
St = calculated tangential stress in flange,
kgf/mm?, .
T = factor involving K (from Fig. 4.3).
t = flange thickness, mm

*The above definitions are based on the assumptxon that
the materials for the flange ring and neck are not signifi-
cantly different in their appropriate mechanical properties.
If they are different, cither the lower values should be used or
special consideration given to the design.



U = factor involving X ( from Fig. 4.3 ).

V = factor for integral-type flanges (from
Fig. 4.5). ’

VL = factor for loose-type flanges (from
Fig. 4.7)

W = flange design bolt load, for the opera-
ting conditions or gasket~seating, as
may apply, kgf (sec 4.5.3 and 4.9).

Wi, = minimum required bolt load for the
operating conditions, kgf (see 4.5).

Wg = minimum required bolt load for gasket
seating, kgf ( sec 4.5 ).

w = width, in mm, used to determine the
basic gasket seating width b, based
upon the contact width between the
flange facing and the gasket ( see Table
4.2).

Y = factor involving K (from Fig. 4.3).

y = gasket or joint-contact-surface unit
seating load, kgf/mm? ( sec 4.5).

R = factor involving K (from Fig. 4.3).

4.4.1 Loose-Type Flanges — This type covers
those designs where the method of attachment is
not considered to give the mechanical strength
equivalent of integral attachment, see Fig. 4.1 A,
B, C and D for typical-loose-type flanges and the
location of the loads and moments. Welds and
other details of construction shall satisfy the
dimensional requirements given in Fig. 4.1B,C
and D.

4.4.2 Intepral-Type Flanges — This type covers
designs of such a nature that the flange and nozzle
neck, vessel, or pipe wall is considered to be the
equivalent of an integral structure. In welded
construction, the nozzle neck, vessel, or pipe wall
is considered to act as a hub. See Fig. 4.1 E,
F, Fl, ¥2 and G for typical integral-type flanges
and the location of the loads and moments.
Welds and other details of construction shall satisfy
the dimensional requirements given in Fig. 4.1 E,
F, Fl1, F2 and G.

4.4.3 Optional-Type Flanges — This type covers
designs where the attachment of the flange to the
nozzle neck, vessel, or pipe wall is such that the
assembly is considered to act as a unit, which shall
be calculated as an integral flange, except that for
simplicity the designer may calculate the cons-
truction as a loose-type flange provided none of
the following values is exceeded:

g, =16 mm,g£ = 300, p= 21 kgffcm?, op-

(4
erating temperature = 365°C.

(see Fig. 4.1 H, H1, H2 and J) for typical
optional-type flanges. Welds and other details
o? construction shall satisfy the dimensional
requirements given in Fig. 4.1 H, Hl, H2 and J.

IS : 2825 - 1969
4.5 Bolt Loads

4.5.1 The minimum cross section of the bolting
provided shall be adequate:

a) to prevent leakage under the operating
conditions, and

b) to seat the gasket under the bolting-up
condition. '

4.5.1.1 Operating condition — To retain a leak-
tight joint under pressure the minimum bolting
required Wy, shall be given by equation 4.1:

Wm = H+ Hp (4.1)
where H = /400 G*p for gasket flanges
_2nbGmp
By = 50—

4.5.1.2 Bolting-up condition — For gasket seat-
ing the minimum bolt load required W, shall be:

Wing = 7 bGy (4.2)

4.5.2 The minimum required bolt area shall be
adequate to provide the greater of the bolt loads
determined by equations 4.1 and 4.2 above.
This area shall be calculated by using bolt stresses
at the temperatures appropriate to the two condi-
tions:

that is, An is the greater of Am; or Amy
where 4p; = Wi, [Sh
and Amg = Wy /[Sa

(4.3)

The actual bolt area provided ( Ap ) shall be
not less than 4py, and, to prevent damage to the
gasket during bolting-up, shall not exceed the
value given by:

Sa e (44)

If it is not practicable to adjust the actual bolt
area to meet the latter requirement the whole
procedure shall be repeated with a suitably modi-
fied gasket.

NoTte — See Table 4.1, Table 4.2 and Fig. 4.2 for
suggested values of m, b and .

The method used to tighten the bolts shall
ensure that the design bolt stresses are attained.

4.5.3 Design bolt load W (flanges and bolted

ends )
Loads used in the design of the flange shall be :
For operating condition, W= W,
Am‘ + Ab

For bolting-up condition, W = X Sa

2

Norte —For flanges subject to external pressure
see 4.9.
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LOOSE-TYPE FLANGES _

Loading and dimensions not shown are same as shown in Sketch (B)

GASKET—\ fo— ——'-h—— GASKET peo—t —srba— 1y o
- 'y
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Ha+H ¢+ Bl Te—-- ,u ho " r ‘ 4] __L ho
o+ Py =1 9] 1% ‘ | 9 % 1
7 FA N AR H i H ; :
G \ T , D G Hr I ' ‘ J HD
e ESN'T';'(‘:‘r"sE'rWE'sEG;ﬁm RIVETED OR SCREWED FLANGE
AND LAP INDEPENDENT OF WITH OR WITHOUT HuB
- GASKET -LOCATION
(A) (8)
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G‘ He /s Hp 6 He \\
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OPTIONAL-TYPE FLANGES

These may be calculated as cither loose- or integral-type ( see 4.4.1 and 4.4.2). Loading and dimensions
not shown are the same as (B) for loose-type flanges or (G) for integral-type

j r‘—in'MN_L

\ .
',. "
tn ¢ 623 M MAX—m L§( }y/ th=9o ——l ja— ¢, MIN
0-7tn MIN tn MIN BUT NOT
(H)

|
_’I I__ FULL PENETRATION
tn MIN AND BACKCHIP
(H2) )
Norxz — Fillet radius r to be at least 0°25 g1, but not less than (45 mm ). Raised, tongue-groove,

inde and female, and ring joint facings shall be in excess of the required minimum flange thickness ¢

Fro. 4.1 CurassiFicaTioN OF FrAnoEs FOR CALCULATION PURPOSEs

Ho He
G —oten— hG G he
oD FCA%NETACT ¢t
GASKET
—-° FACE
For bp > 6'S mm For by 6'3 € mm

Effective gasket seating width b = 8o, when bo = 6'3 mm
and = 2:54/5,, when b, > 6'3 mm

Norzs — The gasket factors listed only a to flanged joints in which the gasket is contained
entird;.-?:ithin the inner edges of the bolt lrolg?ly nged joby

Fic. 4.2 Location or Gasxxr Loap ReacTiON
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Fic. 4.8 VALUES OF S (Hus Stress CorrectioN FacToRr)

TABLE 4.1 GASKET MATERIALS AND CONTACT FACINGS
[ Gasket factors (m) for operating conditions and minimum design seating stress (y) ]
Note — This table gives a list of many commonly used gasket materials and contact facings with suggested design

values of m and y that have generally proved satisfactory in actual service when using effective gasket seating width o
given in Table 4.2 and Fig. 4.2. The design values and other details given in this table are suggested only and are not

mandatory.
DiMENsION Gasker MATERIAL GAskeT | MINMuMm SKETCHES REFER TO TABLE 4.2
Facror | Desion AND NoTes
mm m SEATING
( Min) STRESS, y Use Facing Use
kgf/mm? Sketch Column
Rubber without fabric or a high
percentage of asbestos fibre: f 7
Below 70 IRHD* G50 0 ——
70 IRHD* or higher 1-c0 0-14
10 il(a,b,ec,d), I
i 4,5
Asbestos with a) 3'2 mm thick 2:00 112 |
suitable  binder ! 16 mm thick | 275 2-60 Q
for the operating { ('8 mm thick 350 457
conditions J l
|

*See 1S : 3400 ( Part 11)-1965 Methods of test for vulcanized rubbers: Part II Hardness; and IS:638-1965 Sheet
rubber jointing and rubber insertion jointing. ' -
( Continied )
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TABLE 4.1 GASKET

r onerating
r operating

conditions and minimum desion seatin

aecign

MATERIALS AND CONTACT FACINGS — Contd

etrecg () 1
sresL V.

gnvcn in Table 4.2 and F:g 42. The deslgn values and other details given in this table arc suggated only ‘and are not

mandatory.
DiMeNsION GaskeT MATERIAL GaSKET | MINIMUM SKETCHES RerFer TOo TaBLE 4.2
N FacTor DesioN AND
( Min) m SeaTING Nortes
mm . STREsS, y Use Facing Use
kgf/mm?2 Sketch Column
Rubber with cotton fabric 1-25 0-28 iy
insertion
m%
Rubber with  asbestos [ 3-ply 2:25 1-55 == 1(abcd)
fabric insertion, with or ‘ 2-ply 250 2:04 ‘, a, b,c,d),
without wire reinforce-) 1-ply 275 2:60 / 4,5
ment L m/
el
Vegetable fibre 175 077 ﬂ
(" Carbon steel 2:50 2:04 m
Spiral-wound me- } Stainless 3-00 3-16 %
tal, asbestos filled 7} steel or )
| monel metal
10
Soft aluminium 250 2-04
Corrugated me- | Soft copper or 2:75 2:60 1(a,b)
tal, asbestos | brass Jﬁﬁ{g{,’ I
inserted Iron or soft 3-00 316
or steel
Corrugated me- | Monel metal or 325 3-87 w
tal, jacketed | 4-6 percent
asbestos filled chrome steel
Stainless stecls 350 457
Soft aluminium 275 2-60
Soft copper or 3-00 3-16
brass
Iron or soft 325 3-87
Corrugated| steel ) P 1(a,b,c,d)
metal Monel metal or 3:50 457 <o
4-6  percent
chrome  steel o )
Stainless steel 375 534
Soft aluminium 325 3-87
Soft copper or 3-50 457
brass '
Flat metal| Iron or soft 375 534  a—
jacketed  as- | steel l"‘l’ dl_b’ 12‘::’
bestos filled Monel  metal 3-50 562 7 s
or 4-6 percent Nl
chrome steel 7 am—
Stainless steels 375 6-33

t

*The surface of a gasket having a lap should not be against the nubbin.

( Continued )
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TABLE 4.1 GASKET MATERIALS AND CONTACT FACINGS — Contd

[ Gask~t factors (m) for operating conditions and minimum design seating stress (y) ]

Note — This table gives a list of many commonly used gasket materials and contact facings with suggested design
values of m and y that have generally proved satisfactory in actual service when using effective gasket seating with &
given in Table 4.2 and Fig. 4.2. The design values and other details given in this table are suggested only and are not

mandatory.
DiMENSION GASKET MATERIAL Gasker | Mimnmqum SKETCHES RerEr TO TABLE 4.2
N Facror | DesiGN AND
( Min) m SeaTING Notes
mm STRESS, y Use Facing Use
kgf/mm? Sketch Column
Soft aluminium 3-25 3-87
Soft copper or 3-50 4-57
brass
Iron or soft 375 5-34
10 Grooved metal | steel W 1(a,b,c,d), II
Monel metal or 375 633 2,3
4-6  percent
chrome steel
Stainless steels 425 7:10
Soft aluminium 4-00 619
Soft copper or 475 914
brass
Iron or soft 550 12:66
6 Solid flat metal | steel Q 1{a,b,c,d), I
Monel metal or 600 15-33 2,3,4,5
4-6 percent
chrome steel
Stainless steels 6-50 18-28
Iron or soft 5-50 12:66 |
steel
Ring joint Monel metal or 6:00 15:33
4-6  percent 6 6
chrome steel
Stainless steels 650 18-28
Rubber O-rings:
- Below 75 IRHD* 3¢ 0-07 ’ 7 only
Between 75 and 85 IRHD* 6t 015 @
Rubber square section rings : /
Below 75* IRHD 4t 010 8 only 1I
Between 75* and 85* IRHD 9t 0-28 @
Rubber T-section rings:
Below 75* IRHD 4t 0-10 %/ 9 only
Between 75% and 85% IRHD of 028 4

*Se¢ IS :-3400 ( Part 1I) - 1965 Methods of test for vulcanized rubber: Part II Hardness; and IS: 638-1965 Sheet

rubber jointing and rubber insertion jointing.

1These values have been calculated.

4.6 Flange Moments — Flange nwoments shall
be calculated for both the operating condition
and the bolting-up condition.

4.6.1 Operating Condition — The total flange
moment is given by equation 4.5,
Mop = Hphp + Hrhr + Hghg vee (4’.5)

where Hp =

nB%p
300
Hy = H— Hp
HG = hp’ ’

and hp, ht and hg are obtained from Table 4.3.
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TABLE 4.2 EFFECTIVE GASKET WIDTH

Facing SkETCH
( EXAGGERATED )

Basic GASKET SEATING WiDTH b,

Column -1

Column 11

la —=f N

vz

- N

1b*

s

le

C s

1d*

=
oy}
N - T

w4+ N
ry Max)

w+25T.(‘
2 »

w4+ 25T

3 H (w:'NMax)

NUBBIN V7RIV

Vel

W< N/2

N

Iy AN\

Wg%

Qs4mm N

NUBBIN

w+ N .7 3N N
(2 )

4¢

77
jt—u—-N

1N
16

*Where serrations do not exce<d 0'4 mm depth and 0-8 mm width spacing, sketches 1b and 1d shall be used.

( Continued)
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TABLE 4.2 EFFECTIVE GASKET WIDTH — Contd

FacinG SKETCH
( EXAGGERATED )

Basic GASKET SEATING WIDTH &,

Coiumn I Column II
5* v e
‘ N 3N
s 2000 vace 4 8
-—tN
6
W
8
W2 Y
7 N
AL
46 / —_ N
T IT T 2
8 N
2
= N
I8 - 2
TTTTTII77777
9 .
- 2

*Where serrations do not exceed 04 mm depth and 0'8 mm width spacing, sketches 1b and 1d shall be used.

TABLE 43 MOMENT ARMS FOR FLANGE LOADS UNDER OPERATING CONDITIONS

Type of Flange hD hy hg
Integral type flanges ( see Fig. 4.1E, R+05 R h C—G
F, Fl, F2, G, H, Hi, H2 and ] +oou tat% =
Loose type except lap joint flanges C—B hp + b C—-G
( see Fig. 4.1B, C, D and optional 2 Pl 2
type flanges (see Fig. 4.1H, HI,
H2and J)
Lap joint flanges ( see Fig. 4.1A) C—B C—-G C—-G
2 2 2
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4.6.2 Bolting-Up Condition — The total flange
moment is given by equation 4.6:
Myym = Whg . (4.6)
where W = (—4'-“—“2“—@_) Sa, ( sec 4.5.3)
C—G

and hG = -——2-—
4.7 Flange Stresses — Flange stresses shall be
determined for the more severe of the operating
or the bolting-up condition so that

MO - Mon
whichever is larger.
or MO = E'——-'Matm J? 8

4.7.1 For integral-type flanges and hub-type
flanges:
Longitudinal hub stress Sy = 7(11{
g1

. (47)

Radial flange stress Sy =

4.7.2 For loose-type ring flanges (including
optlonal type calculated as loose ring type)
naVlng a rCCtangular Cross bC(.UUIl

Sy — Y[M (4.10)
Sp=Su=0
where M = M—-—-—-OBUF

4.8 Allowable Flange Stresses

4.8.1 The flange design stresses as calculated
above, shall not exceed the following values:
S — 15 8
OH = 13 910

Sr = Sro

ST = Sro

12 (Sx + Sr) = Sro

1/2 (S + 81 ) = Sro
4.8.2 Weld Shear Stress— In the case of loose-
type flanges with laps, as shown in Fig. 4.1A
where the gasket is so located that the lap is sub-
lected to shear, the shearing stress shall not exceed
0-8 times Spo or Spa for gasket seating and operat-
mg condition respectively for the material of the
lap, as defined in 4.4. In the case of welded
flanges, shown in Fig. 4.1C, D, G, H, HI and H2
where the nozzle neck, vessel or pipe wall extends
near to the flange face and may form the gasket
contact face, the shearing stress carried by the
welds shall not exceed 08 times Spo or Spa for
gasket seating and operating condition respec-

56

(1:333te 4+ 1 )M

tively. The shearing siress shall be calculated on
the basis of Hp or W, as defined in 4.4 whichéver
is greater. Similar cases where flange parts are
subjected to shearing streds shall be governed by
the same requirements.

4.9 Flanges Subject to External Pressure —
The d631gn of ﬂanges for external pressure only
shall be based on the equations given in 4.7 for

internal pressure except that for operating condi-
tions:

Mop = Hp (hp — hg ) + Hr (hy — hg ) ...(4.11)
for gasket seating Maim = Whg ...(4.12)
in the above equations W = A’i‘?iﬁg X Sa

Hp = w/400 B?p,
Hy=H— Hp

H = =/400 G*pe
= external design pressure, kgf/cm?.

Note — The combined force of external pressure and
bolt loading may plastically deform certain gaskets to
result in loss of gasket contact pressure when the con-
nection is deprcssunzcd To maintain a tight joint
when the unit is repressurized, consideration should be
given to gasket and facing details, so that excessive
deformation of the gasket will not occur. Joints subject
to pressure reversals, such as in heat exchanger floating
heads, are in this type of service.

asxetl centlacy

5. PRESSURE RELIEVING DEVICES
5.1 General

5.1.1 Every pressure vessel covered by this
code shall be provided with a pressure relieving
device in accordance with the provisions of this
section, except where otherwise provided for as
in 5.1.1.1.

5.1.1.1 When the source of the pressure. is
external to the vessel and under such positive
control that the pressure in the vessel cannot
exceed the maximum working pressure for the
vessel at the operating temperature, a pressure
relief device need not be directly provided on the
vessel.

5.1.2 Vessels that are to operate completely
filled with the liquid shall be equipped with a
liquid relief valve unless otherwise protected against
over-pressure.

5.1.3 When a vessel is fitted with a heating coil
or element whosc failure might increase the normal
pi‘ﬁSSUi‘C in the vcaac}, the dcmgucd lc‘ucvuxs capa-
city of the protective device shall be adequate to

prevent this increase.

5.1.4 Vessels intended to operate under vacuum
conditions, unless designed for full vacuum, shall
be provided with a vacuum break relief device.

5.1.5 Vessels intended for internal pressure, but
which are likely to be subjected to partial vacuum,
say, due to the cooling of contents, shall be provided
with a combined pressure-vacuum relief device
unless the vessel is designed for full vacuum.
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TABLE 44 VALUES OF T, Z, Y AND U (TERMS INVOLVING K)

K Y U zZ U T VA Y U
1-:001 1899-43 2078-85 1691 35-78 1-87 879 17700  18-68
1-002 951-81 1052-80 1664 3521 1-87 872 1687 1854
1-003 637-56 700-80 16:40 3468 187 866 1674 .3'40
1-004 478:04 52545 16-15 3417 1-87 859 1662 1826
1-:005 38367 421'72 15-90 33:65 1-87 853 1649  18:11
1-006 319-71 351-42 15°67 3317 187 847 1637 1799
1-007 27411 - 301-30 15-45 3269 1-87 840 1625 1786
1-008 23995 26375 15-22 32-22 187 834 16:14  17-78
1-009 21340 23442 15:02 3179 1-87 828 1602 1760
1-010 192:19 211-19 14-80 3134 1-87 822 15-91 17-48

011 191 17483 192-13 1461 30-92 1-87 816 1579 17-33
012 191 160:38 17625 14-41 3051 1-87 811 1568 17-24
013 191 148:06 162-81 14-22 30-11 1-86 805 1557 17-11
‘014 191 13769 151-30 14-04 29-72 1-86  7-99 1546 1699
. 1-91 128:61 141-33 13-85 29-34 1186 794 1536 16°90
1-90 120:56 132-49 1-88 1368 28:98 1-86 7-88 1526 1677

1-90 111-98 124'81 1-88  13'56 2869 1-86 783 1515 16:65

1-90 107-36 118:00 188  13-35 2827 186 7-78 1505 1654

1-90 101-72 111-78 1-88 1318 27-92 186 773 1495 1643

1-90 96:73 106:30 1-88  13-02 27-59 186 768 14806 16°33

1-90 92-21 101-33 1-88 1287 27-27 186 762 1476 1622

1-90 88:04 9675 1-88  12°72 2695 186  7-57 1466  16-11

1-90 8430 9264 1-88 1257 26°65 1-86  7°53 1457 16°01

190 80-81 8881 188  12'43 2634 1486 748 1448 1591

1-90 77:61 8529 188 12-29 26-05 186 7-43 1439 15'8%

1-90 7470 8209 1-88 1215 2557 1-86 7-38 1429 1571

1-90 71-97  79-08 1-88  12:02 2548 186 734 1420 1561

1-90 6943 76'30 1-88 11-89 2520 186 729 1412 158)

1-90 67:11 7375 1-88 1176 2493 1-86 725 1403  15-4%

1-90 6491 7133 1-88 1163 2466 1-86 7-20 13:95 1534

1-90 62:85 69-06 1-88  11'52 24-41 1-86 716 13-86  15-2¢

1-90 6092 6694 1-88 1140 24°16 1-86 711 13-77 15'14

1-90 59-11 6395 1-88 11-28 23-91 1-86  7-07 1369 150

1-90 5741 6308 1-88 11'16 23-67 186 7:03 13-61 14-9¢

1-90 5580 61-32 1-88  11:05 23-44 1-86 6:99 13:54 148}

. 1-90 5429 59-66 1-88 1094 2320 1-86 695 1345 1478
. 1-90 52-85 5808 1-88  10-83 22:97 186 691 1337 1470
. 1-90 5150  56-59 1-88 10°73 22:75 1-86 687 1330 1461
. 1-90 50-21 5517 188 1062 22-39 1-86 683 13-22 14-58
1040 190 4897 5382 1488 1052 2218 1186 679 13:15 1445
1041 190 47-81  53-10 1-88 1043 22-12 185 675 13:07 1436
1042 1-90 4671 5133 188 10-33 21-92 185 671 1300 1428
1-043 190 4564 50°15 188  10-23 21-72 185 667 1292 1420
1044 190 4464 4905 188 10-14 21-52 1-85 664 1285 1412
1045 190 4369  48:02 1-88  10-05 21-30 1185 660 12:78 1404
1046 190 4275  46'99 1-88 9-96 2114 1-85 656 12:71 13-97
1-047 190 41-87 4603 1-87 9-87 20-96 1-85 6°53 1264 1389
1-048 190 4102 4509 1-87 9-78 2077 1185 649 1258  13-82
1049 190 40-21 4421 1-87 970 20-59. 1-85 646 12:51 13-74
1-050 1-89 3943 4334 1-87 962 20-38 1-85 642 12-43 13-66
‘051 189 38-68 4251 1-87 9-54 20-25 1-85 639 12:38 1360
-0, 1-89 3796  41-73 1-87 946 2008 185 635 12:31 13-53
. 1-89 3727 4096 1-87 938 19-91 1-85 632 1225  13-46
1-89 36:60 40-23 1-87 9-30 19-75 185 629 1218 18-39

1-89 3506 39-64 1-87 9-22 19-55 1-85 625 1210 1330

35:3¢ 38:84 1-87 9-15 19-43 185 622 12:06 13-25

34-74 3819 1-87 9-07 19-27 185 619 12:00 13-18

3417 3756 1-87 900 19-12 1185 616 11-93 13-11

3362 3695 1-87 894 18-98 1-85 613 11-87  13-05

3364 3634 8-86 18:80 185 610 1179 12:96

{ Continued

57



K T z K z Y U
1-1181 185 6-07 1-82 912 180 389 753 827
1-1182  1-85 6-04 1-82 908 180 388 750 824
11183 185 6:01 1-82 9-05 180 387 748 822
I'i8¢ 185 5:98 182 902 180 386 746 820
1185 185 595 182 8-99 180 384 744 818
1186 185 5:92 -47 1246 182 462 895 984 | 1306 186 383 742 816
1-187  1'85 589 -42 1247 182 460 892 981 | 1'307 180 382 740 813
1-1188  1'85 5-86 -36 11248 182 459 889 977 | 1308 179 38l 738 811
11189 185 583 -31 11249 182 457 88 974 | 1309 179 380 736 809
1190 184 581 -26 1250 182 456 883 970 | 1'310 179 379 734 807
1191 1-84 578 1120 12-31 | 1251 182 454 gg0 967 | 1311 179 378 732 805
11192 184 575 11415 1225 | 14252 182 452 877 964 | 1312 179 377 730 802
11193 184 573 11110 1220 | 1253 182 451 874 960 | 1313 179 376 728 800

184 570 1105 12114 | 125¢ 182 449 871 957 | 1314 179 375 726 798

-84 567 1100 1208 | 1255 182 448 868 954 | 11315 179 374 724 796

184 565 1095 12003 | 11256 182 446 865 951 | 1316 179 373 722 794

184 562 1090 1197 | 1257 182 445 862 947 | 11317 1179 372 720 792

184 560 1085 1192 | 1258 1-81 443 859 944 | 1318 1’79 371 718 7-89

184 557 1080 1187 | 1259 181 442 856 941 | 1'319 1’79 370 716 787

555 1075 1181 | 1-260 1:81 440 853 938 [ 11320 1’79 369 714 785

552 10070 1176 | 1-261 181 439 851 935 | 11321 179 368 712 783

550 1065 11-71 | 1-262 181 437 849 932 | 11322 1’79 %67 710 78l

547 10061 1166 | 1-263 1-81 43 845 928 | 1323 179 367 709 779

545 1056 1161 | 1264 181 435 842 925 | 1324 179 366 707 777

542 1052 1156 | 1265 1-81 433 839 923 | 1'325 179 365 705 775

540 1047 1151 | 11266 181 432 837 919 | 1326 179 364 703 773

538 1043 1146 | 1267 181 430 834 916 | 1327 179 §63 701 77

535 1038 114l | 1-268 181 429 831 914 | 1328 178 362 700 769

533 10-3¢ 11-36 | 1260 181 428 829 911 | 1329 178 361 698 767

531 1630 1132 | 1270 181 426 82 908 | 1336 178 360 696 765

11211 1-83 529 1025 11-27 | 1271 181 425 823 905 | 1331 178 %59 694 763
1212 1-83 527 10021 1122 | 1272 181 424 821 002 | 1332 178 358 692 761
1213 183 524 1016 11:117 | 1-273 181 422 818 899 | 1333 178 357 69l 7°59
1214 183 522 10012 11112 | 1-274 181 421 815 896 | 1.33¢ 178 357 689 757
1215 183 590 1000 1100 | 1275 181 492 813 893 | 1333 178 356 687 755
12 518 10004 11403 | 1276 181 418 811 891 355 685 758
121 516 1000 1099 | 1277 181 417 808 888 354 684 751
1-2 514 996 1094 | 1278 181 416 805 885 353 682 750
1-219 512 992 1-81 415 803 882 352 681 7:48
1-220 510 989 181 413 801 879 351 679 746
1-221 507 984 181 412 798 877 351 677 744
1-222 505 980 181 411 796 874 350 676 742
1223 503 976 180 410 793 871 349 674 74l
1-224 5:01 972 180 408 791 8:69 348 672 739
1225 500 969 180 407 789 866 347 671 7:37
1226 498 965 180 406 786 864 . 346 . 669 735
1227 496 961 180 405 784 861 . 346 668 733
1-228 494 957 180 404 781 8§59 it 345 666  7-32
1-229 492 953 180 402 779 856 . 344 665 730
1-230 490 950 180 401 777 853 78 343 663 728
1231 1:83 488 946 180 400 775 85l 178 342 661 7°2;
11232 183 486 943 180 399 772 848 178 342 660 72
1232 1-83 484 939 186 398 770 846 1477 341 658 72
123¢ 183 483 936 180 397 768 843 1177 340 657 72
1235 183 481 932 180 395 766 841 177 339 655  7l¢
1236 182 479 929 1180 394 763 839 177 %38 653 717
1237 182 477 995 180 393 76l 836 177 338 652 716
1238 182 476 992 180 392 759 833 1477 337 650 714
1239 182 474 918 180 391 757 831 177 336 649 7-@
1240 182 472 915 180 390 755 829 177 335 647 711

|
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TABLE 4.4 VALUES OF T, Z, Y AND U ( TERMS INVOLVING K) — Contd
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TABLE 4.4 VALUES OF T, Z, Y AND U (TERMS INVOLVING K ) — Contd

K T z Y U K T ¥4 Y U K T z Y U
1541 169 2-45 466 512 | 1'556 169 2-41 457 5:02 1-571 168  2-36 4-47 4-91
1542 169 2-45 4-65 511 | 1-557 1-69 2:40 456 501 1572 168 236 447 491
1543 169 2:45 464 511 | L1558 1-69 2:40 456 500 | 1’573 168 236 446 490
1-544  1-69 245 464 510 { 1559 169 2140 455 499 | I'574 168 2:35 4-46 489
1'545 169 2-44 463 509 | 1560 1-69 2-40 454 499 | 1575 168 2:35 445 489
1546  1'69 2:44 463 508 | 1561 169 2:39 454 498 | 1576 168 235 444 4-88
1-547 1-69 2-44 462 5:07 1562 169 2-39 4533 497 1577 168  2:35 444 4-88
1-548  1-69 243 4-62 507 | 1563 1-68 239 4-52 497 | 1578 168 2:34 443 487
1-549  1'69 2:43 4-61 506 | 1-564 168 2-38 451 49 | 1579 168 234 442 486
1-550  1'69 2:43 460 505 | 1565 168 2-38 451 495 | 1580 168 234 442 4-8¢
1'551 169 2:42 460 505 | 1-566 1-68 2:38 450 495
1-552 169 2:42 4-59 504 | 1567 1-68 2-37 4-50 494
1553 1'69 2:42 458 503 | 1-568 168 2-37 449 493
1-554  1'69 2-41 458 503 | 1-569 1-68 2-37 448 492
1-555 169 2-41 4-57 502 | 1570 168 2-37 448 492

TABLE 4.5 ALLOWABLE STRESSES FOR FLANGE BOLTING MATERIAL kgf/mm?
MATERIAL DIAMETER SPECIFIED . ArrowasLeE Stress kgf/mm? ror Desion
(mm) TeNsILE MeraL TempeRATURE Not Exceepive (°C)
STRENGTH -
( kgf/mm*)
50 | 100 200 | 250 | 300 | 350 400
Hot rolled carbon steel Up to 150 44-52 - 587| 562{545 | 48| — — —
|

194 Cr Mo steel Up to 63-5 86 Min 19-68| 185|171 |16-2 [1575]1512 14-27
Over 63°5 to 102 79 Min 17:791 16:66| 1547 | 14-76 | 14-41 | 13-71 | 1294

Up to 63'5 over 63-5 71 Min . . . . . - .
5% Cr Mo steel Up to 102 66 Min 14-06 | 14:06 | 14°06 | 14:06 | 14-06 | 14-06 | 1406
1% Cr Mo V steel Up to 635 86 Min 19-68 1905|1849 | 17-93 | 1729 | 16:80| 16-03
Over 63°5 up to 102 82 Min 17791 17-23 | 16:66 | 16-24 | 15:54 | 1526 | 14'55
139, Cr Ni steel Up to 102 71 Min 17-931 1645 | 14'34 | 1364 | 12:86 | 12'16| 10:65
18/8 Cr Ni steel All (1) (2) 13-18(11-07{ 865 801} 7:73| 745 7-31

T i 55 Min in . . . . . . .
18/8 Cr Ni Ti stabilized steel Al (1) (2) softened condi- 13-18{11-53{ 1019 9-49| 9-14| 879 8958

tion or up to 88

18/9 Cr Ni Nb stabilized steel | All (1) (2) Minifcold | 3.18)11-58|1019| 949| 914| 879| 838
17/10/2¢ Cr Ni Mo steel All (1) (2) 1318 11-187 956| 88| 851} 808 794
18 Cr 2 Ni steel Up to 102 86 Min 2158 {19-90 | 1730 | 1640 | 15-54 | 14-69 | 12-94

Note 1 — Austenitic steel bolts for use in pressure joints shall not be less than 10 mm diameter.
Note 2 — For bolts up to 38 mm diameter torque spanners or other means of preventing the application of excessive stress

during tightening are necessary.

Note 3 — High strengths are obtainable in bolting materials by heat treatment of the ferritic and martensitic steels and
by cold working of austenitic steels. These should not, however, be used for bolting with tensile strengths greater than 1 10 kgf/mm?
(ferritic and martensitic ) or 100 kgf/mm? ( austenitic ) unless special agreement is reached between the purchaser and the

manufacturer,

Note 4 — Other suitable materials may be used for bolting by agreement between the purchaser and the manufactyrer.
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5.2 Design

5.2.1 The protective device used shall be suit-
able for the conditions of service and shall be
adequate for duty.

5.2.1.1 In general, relief valves are preferred
for vessel protection but bursting discs or a com-
bination of relief valves and bursting discs may be
preferable in certain circumstances ( see 5.2.3.1).

5.2.2 Relief Valves

5.2.2.1 Spring loaded relief valves are pre-
ferred but other types like valves fitted with a
weight or with lever and weight loading are
acceptable, provided that they are equally safe.

5.2.2.2 Pilot valve control or other indirect
operation of relief valves is not permitted unless
the design is such that the main valve will open
automatically at the set pressure and discharge to
}he full capacity, should the pilot or auxiliary device
ail.

5.2.2.3 The relief valves shall be so designed
that they cannot be inadvertently loaded beyond
the set pressure.

- 5.2.2.4 The design of valves shall be such that
breakage of any part will not obstruct the free
and full discharge of the fluid under pressure.

5.2.3 Bursting Discs

5.2.3.1 The use of a bursting disc as a pressure
relieving device is preferred:

a) where pressure rise may be so rapid as to
be analogous to combustion or explosion,
so that the inertia of a relief valve would be
a disadvantage;

b) where service conditions may involve heavy
deposits or gumming up, such 4s would
render a relief valve inoperative; and

c) where even minute leakage of fluid cannot
be tolerated.

5.2.3.2 Bursting discs may be mounted in
series with a relief valve provided that:

a) the maximum pressure of the range for
which the disc is designed to burst does not
exceed the maximum working pressure of
the vessel;

b) the opening provided through the disc
after breakage is sufficient to prevent
interference with the proper functioning of
the relief valve; and

c) in case of a bursting disc fitted on the dis-
charge side of a valve, back pressure cannot
be built up and so influence the lifting
pressure of the valve,

5.2.3.3 Every bursting disc shall have a
specified and certified bursting pressure at a speci-
fied temperature and shall be marked in accordance
with 5.3.2. It shall be certified by the manufac:
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turer to burst within 45 percent of its certified
bursting pressure at the specified temperature.

5.3 Marking

5.3.1 Relief Valves — Every relief valve shall
incorporate permanent marking as follows:

a) Manufacturer’s identification,

b) Nominal inlet and outlet sizes,

¢) Design pressure and temperature, and

d) Certified capacity in kilograms of saturated
steam per hour or in the case of liquid
relief certified capacity in litres of water per
minute.

5.3.2 Bursting Discs

5.3.2.1 The bursting discs shall be stamped
with the following information:

a) Manufacturer’s identification

b) Size

c) Bursting pressure

d) Coincident disc temperature, and

e) Capacity at discharge
Unless the size of the disc is insufficient in which
case the disc shall be contained in a sealed

envelope prior to the installation and the envelope
shall be clearly marked with the above information.

5.3.2.2 A register of bursting disc data shall
be kept by the user for each vessel protected by a
bursting disc. The register shall relate the service
conditions at which the vessel operates to the
serial letters and numbers stamped on the disc
or marked on the envelope in which the disc
was contained.

5.4 Capacity of Relief Valves

5.4.1 The relief valve shall be of sufficient
capacity to discharge the maximum quantity of
the fluid contained in the vessel without permitting
a rise in the vessel pressure of more than 10 percent
above the set pressure when they are discharging.

5.4.2 Vapour Relief — The capacity of a relief
valve in terms of a gas or vapour other than steam,
which is the manufacturer’s usual rating basis, may
be determined by the following equatian:

W= CKdp \/ M
T
where

W = rated capacity in kg/h,
C = a constant for gas or vapour which

is a function of the ratio of specific
heats, y (see Table 5.1},

Cp = specific heat at constant pressure,
Cy = specific heat at constant volume,
4 = actual discharge area in mms?,

p = accumulation pressure (110 x
set pressure ) kgf/cm?® abs,
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M = molecular weight,

T == inlet temperature in degree Kelvin,
and

K = coefficient of discharge which
depends on the shape of the inlet
and of the disc and lift characteris-
tics of the valve and is specific to
any particular relief valve.

TABLE 5.1 CONSTANT C FOR GAS OR VAPOUR
RELATED TO RATIO OF SPECIFIC HEATS vy

(y= CplCy)

Y c Y c Y Cc
(1) (2) n {2) (n (2)
100 234 126 255 152 272
102 237 128 257 154 274
104 2:38 1430 258 156 275
106 2:40 132 2'60 158 276
108 2:42 1-3: 26} 160 277
1’10 244 136 2:63 162 278
1112 245 138 2:64 164 280
1'14  2:46 140 265 166  2:81
1’16 2:48 142 266 168 2:82
118 250 I'44 267 1y 283
1120 2-51 146  2'68 2:00 298
1122 252 1448 270 220 307
124 254 150 271

5.4.3 Liguid Relicf — Assuming that no vapori-
zation occurs and that the flow through the relief
valve is dependent only on the pressure drop and
the theoretical area, the general equation for
liquid flow may be written as:

Q = 8404 x 10~ K4 /\/ %or W= 50-42 KA+/pp

where
Q = flow in cubic metre per minute,
W = flow in kg per hour,
p = pressure drop in kgf/cm?,
p = specific gravity at inlet temperature,
A = actual discharge area
and
K = overall coefficient of discharge

specific to any particular relief
valve.

5.5 Pressure Setting of a Pressure Relieving
Device

5.5.1 The pressure relieving device shall be
set to operate at a pressure not exceeding the

in mm3,
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maximum working pressure of the vessel at the
operating temperature. The pressure at whigh
a relief valve is set to operate shall include the
effect of static head and constant back pressure

5.5.1.1 However, when more than one pro-
tective device is provided, only one of the valves
need be set.to operate at the maximum working:
pressure, the additional device or devices being
set to discharge at a pressure not more than 5
percent in excess of the maximum working pres-
sure provided that the total capacity is adequate.

5.6 Installation of Pressure Relieving Devices

5.6.1 Vapour relief valves and hursting discs
shall be connected to the wvessel in the vapour
space above any entrained liquid or to piping
connected to the vapour space. Liquid relief
valves shall be connected below the liquid level.

5.6.2 They shall be so located that they are
readily accessible for inspection and maintenance
and so that they cannot readily be rendered
inoperative.

5.6.3 Where for purposes of inspection and
maintenance, a pressure relief device needs to be
isolated from the vessel which it protects, addi-
tional valves shall be provided. Such valves shall
be of approved type fitted with an approved form
of locking gear. Such valve should normally he
locked in the open position.

5.7 Discharge Lines

5.7.1 Where practicable, a pressure relieving
device should discharge to atmosphere through
a vertical pipe clear of adjacent equipment and
space normally accessible to personnel. The
discharge pipe shall have at least the same bore
as the relieving device outlet,

5.7.2 Where discharge lines are long, or a single
discharge line caters to more than one pressure
relieving device, the effect of back pressure that
may develop therein shall be considered for each
protective device. The use of relief devices spe-
cially designed for use on high or variable back
pressure is recommended.

5.7.3 Proper attention shall be paid to the
drainage of discharge lines, which shall be of such
a size that any pressure that may exist or develop
therein will not reduce the relieving capacity of the
relieving devices below that required to properly
protect the vessel.

5.7.4 Discharge lines shall be securely anchored,
particularly at their open ends, so that the reaction
roduced by the fluid being discharged on the
ines, does not displace the lines from their normal
positions,
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6. MANUFACTURE AND WORKMANSHIP

6.1 Approval of Design — Before commencing
manufacture, the manufacturer, if so required,
shall submit for approval by the purchaser a fully
dimensioned drawing showing the pressure
portions of the vessel and carrying the following
information:

a) A statement that the vessel is to he con-
structed to this standard.

b) Specification(s) to which materials shall
conform.

¢) Welding process(es) to be adopted for all
parts of the vessel.

d) Large-scale dimensional details of the
weld preparation for the longitudinal and
circumferential seams and details of the
joints for branch pipes, seatings, etc, and
the position of these joints relative to the
longitudinal and circumferential seams and
other openings.

¢) Design pressure(s) and temperature(s) and
major structural loadings.

f) Test pressure(s).
g) Amount and location of corrosion allowance.

No modification shall be made to the
approved design except with prior agree-
ment between the purchaser and the manu-
facturer.

h) Additional requirements, if any, specified
by the purchaser.

3.2 Welded Joints, General Considerations

6.2.1 Welded construction of pressure vessels
s subjected to the following general conditions.

6.2.1.1 All details of design and construction
shall generally conform to the provisions of this
code. ( Examples of typical designs of welded
connections are given in Appendix G.)

6.2.1.2 The materials shall conform to the
requirements of the appropriate Indian Standards
or shall be any other approved material.

6.2.1.3 The welders shall be qualified for the
type of welding concerned in conformity with
the welder’s performance qualification ( see 7.2 ).

6.2.2 Nozzles, pads, branches, pipes, tubes, etc,
and non-pressure parts may be welded to pressure
parts provided that the strength and the character-
istics of the material of the pressume parts are not
affected adversely.

If heat treatment is mandatory under the
requirements of this code, the attachment of parts
mentioned above by welding shall take place

before the final heat treatment.

6.2.3 The manufacturer of a pressure vessel
built according to this code, shall be responsible
for all the welding work done under-this code.

IS:2825-1969

The manufacturer shall conduct the tests
required in this code (see 7.1 and 7.2') to qualify
the welding procedure employed and to judge
performance of the welders who apply this
procedure.

6.2.4 The manufacturer shall maintain a record
of the results obtained in welding procedure quali-
fication tests ( see Appendix H ).

These records giving an accurate description
of all the particulars of the materials and procedure
concerned shall be certified by him and shall be
accessible to the inspecting authority who should
be permitted to witness the tests if he so desires.

6.2.5 Any person who wishes to qualify for a
welder’s performance test under this code shall
not be below the age of 18 years and shall have
been employed as a welder in a workshop or firm
for a period of not less than two years.

A record shall be kept to show that the welder
has been employed on work of the kind covered by
his performance tests, during the previous six
months,

These records shall contain the results of the
welder’s performance tests and the identification
mark assigned to each welder. They shall be
certified by the manufacturer and be accessible to
the inspecting authority ( se¢ Appendix H ).

The welds made by each welder shall be marked
with a stamp showing the welder’s identity at
intervals of one metre or less, Care shall be taken
to avoid notching or stress concentration due to
deep stamping of welder’s identity. Deep stamp-
ing as a means of identifying welded seam is not
recommended on carbon steel plates less than
7 mm thick or vessels subject to low temperatures
or on austenitic and alloy steels. When deep
stamping is not permitted, a record shall be kept
by the manufacturers of welders and welding
operators employed on each joint which shall be
available to the inspecting authority; suitable
stencil or other surface markings may be used
additionally.

6.2.6 The inspecting authority shall have the
right to disqualify a welder any time during the
fabrication of a vessel, when there is a specific
reason to question his ability to make welds that
meet this code requirements. Such a disquali-
fied welder at the option of the manufacturer may
be put up for retests, under the conditions
specified in 7.2.8.1.

6.3 Design of Welded Joints

6.3.1 Single fillet welded lap joints should not
be used without previous consent of the inspecting
authority.

6.3.2 In the design of all details the aim shall be
to avoid disturbances in the flow of the lines of
force, in particular in constructions subjected to
fatigue stresses. Holes and openings shall not be
positioned on or in the heat affected zones of

65



1S : 2825 - 1969

welded joints. Where such openings are un-
avoidable, such holes can be located on circum-
ferential joints provided the weld is radiographi-
cally sound for a length of three times the
diameter of the hole on either side.

6.3.2.1 Further, welded joints should be
positioned inm such a manner that they are subjected
to lowest possible bending stresses.  Joints between
cylindrical shells and domed end plates shall not
be located in the curved part of the domed end
( see Table 6.2). When dished end plates are
assembled from a number of plates, the welded
joints between these plates shall preferably cross
the corner curvature for the shortest possible
length.

6.3.2.2 Attachment of parts by welding
which cross o1 which are in the immediate vici-
nity of existing main welds in pressure parts should,
as far as possible, be avoided. If such welds can-
not be avoided, they should cross the main weld
completely rather than stop abruptly near the
main weld so that stress concentrations in these
areas are avoided. Further, such a part should be
subjected to local radiographic examination or
other approved non-destructive tests and stress
relief, where necessary.

6.3.3 The entirc assembly as well as the indivi-
dual welded joints shall be designed after giving

-32mm IF RADIOGRAPHED,
\2 mm OTHERWISE

¥ (< B

e a1y
T4 -
e
(A} PREFERRED

32 mm ¥ RADIOGRAPHED,
w mm OTHERWISE

rty /77
oy

anen MAY BE INSIDE OR OUTSIDE
(C) PREFERRED

Fic. 6.1

due consideration to the method of welding and
the specific character of the joints. The aim shall
be to avoid welding in difficult positions. Fur-
ther, welded joints shall be so positioned that they
permit visual and other methods of inspection
and re-welding of the root side of the welds
wherever possible. Welded joints should be free
from undue restraint,

6.3.4 Concentration of welded joints should be
avoided and the design should he made in such
a way that no two main seams come togethér under
an acute angle or cross each other. Where it is
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not possible to comply with this requirement,
the intersection of the welds should be radio-
graphed, 100 mm on each side of intersection
( see 8.7.1 and 8.7.2 ). This involves among other
things that the longitudinal joints should be,
wherever possible, staggered when assembling a
cylindrical shell from two parts by means
of a circumferential joint. The distance shall
be at least five times the thickness of thicker plate.

6.3.5 Where a butt joint is required between
plates which differ in thickness by more than one-
fourth the thickness of thinner plate or more than
3 mm, the thicker plate shall have a tapered transi-
tion section as shown in Fig. 6.1 (see also

Table 6.2 ). The transition section shall have
a minimum length of four times the offset
between the abutting plate edges. The transi-

tion section may be formed by any process
that will provide a uniform taper. The weld
may be partly or entirely in the tapered section or
adjacent to it. '

It is recommended that width of the parallel
portion may not be less than 32 mm when the
butt weld is to be radiographically examined.

6.3.6 The types of butt joints recommended for
fusion welding processes ( arc and gas welding ),
their shapes and dimensions are given in Table
6.1. The dimensions and shape of the edges shall

L e

*t

{B) PERMISSIBLE

4C
c rh

)

TAPER MAY BE INSIDE OR OUTSIDE
(D) PERMISSIBLE

Burt WeLDING PrLaTES OF UNEQUAL THICKNESS

permit complete fusion and penetration, Qualifi-
cation of welding procedure as required under 7.1
is acceptable as proof that the welding groove is
satisfactory.

6.3.6.1 Where butt joints welded from one
side only are credited with a joint factor equal to
that permitted for butt joints with backing strips,
the procedure of welding should be such as
to obtain the same quality of deposited weld metal
on the inside and outside. The joint shall have
complete joint penetration and complete fusion
for the full length of the weld and shall be free



from undercuts, overlaps or abrupt ridges or
valleys.

6.3.6.2 Typical end connections to shells
are given in Table 6.2.. Types of connections
shown in Fig. 6.2 are not permissible.

(A)
-
(8)
-
()
@
-
1
(D)

Fic. 6.2 ProuiBiTED END CONNECTIONS

6.4 Preparation of Parent Metal

6.4.1 Laying out and Cutting the Plate

6.4.1.1 Plate identification — In laying out and
cutting the plates, the manufacturer’s brand shall
be so located as to be clearly visible when the
vessel is completed. Where the cast number,
quality of plate, tensile strength and manufacturer’s
name or trade-mark are unavoidably cut out, they
shall be transferred by the vessel manufacturers.
The form of transferred markings shall be readily
distinguishable from the plate manufacturer’s
stamping. The arrangement for the transferred
markings should be agreed with the inspecting
authority

1S: 2825 - 1969

6.4.1.2 Cutting the plates — Plate shall be cut
to size and shape by machining and/or flame-
cutting ( see 6.4.2.2 ). Where the plate thickness
does not exceed 25 mm, cold shearing may be used
provided that the sheared edge is cut back by
machining or chipping for a distance of one-
quarter of the plate thickness but in no case less
than 3. mm.

6.4.2 Preparation of Plate Edges and Openings

6.4.2.1 Welding preparations and openings
of the required shapes may be formed by the
following methods:

a) Machining, chipping or grinding; chip-
ped surfaces which are not covered with
weld metal shall be ground smooth after
chipping.

b) Flame-cutting ( s¢¢ 6.4.2.2 ) which includes
plasma arc, oxy-gas with or without flux
Injection or equivalent fusion cutting
processes.

6.4.2.2 Carbon steel may be cut by any of
the methods described in 6.4.2.1 but alloy steels
and non-ferrous mectals shall not be flame-cut
unless otherwise agreed to between the purchaser
and the manufacturer. Attention is drawn to
the necessity of’ providing special inspection for
cracks on the cut surfaces and heat affected zones
in flame-cut alloy or high carbon steels; preheating
may be required in order to ensure satisfactory
results.

Any material damaged in the process of cutting
plates to size or forming welding grooves shall be
removed by machining, grinding or chipping back
to sound metal. Surfaces which have been flame-
cut shall be cut back by machining or grinding so
as to remove all burnt metal, notches, slag and
scale, but slight discolouration of machine flame-
cut edges on mild steel shall not be regarded as
detrimental. If alloy steels are prepared by flame-
cutting, the surface shall be dressed back by grind-
ing or machining for a distance of at least 1-5 mm
unless it has been shown that the material has
not been damaged by the cutting process.

6.4.2.3 After the edges of the plates have been
prepared for welding they shall be given a thorough
visual examination for flaws, cracks, laminations,
slag inclusions or other defécts. When plates
are flame-cut, the edges should be examined after
this operation.

6.4.2.4 Care shall be taken to see that the
weld preparations are correctly profiled.

6.4.2.5 Edges which have been flame-cut
by hand shall be cut back by machining or chipping
for a distance of one-quarter of the plate thickness,
but in no case less than 3 mm.

6.4.3 Edge surface discolouration which may
remain on flame-cut edges shall not be regarded
as detrimental, but burnt metal, slag and scale
shall be removed. Brushing of stainless steel edges
shall be done with stainless steel brushes only.
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TABLE 6.1 SOME ACCEPTABLE TYPES OF BUTT WELDED JOINTS AND THEIR LIMITATIONS*
( Clauses 6.3.6 and 8.7.3.2 )

8L Jomnt DETAIL Ficures APPLICATION
No.
i) | Double-welded butt Longitudinal and circum-
join t with single ferential butt welds in
W plates not less than 5 mm
thick and not more than
ts 10 76" 20 mm thick. The ‘V*
should be on the inside
(a) () of small diameter vessel,
. as shown in (b) opposite.
40° 10 90
oo ltbmm‘lL t: 10 12mmn lt.
(c)
if) | Double-welded butt Wrow Xy 3 Longitudinal and circum-
joint with double K T N ferential butt  welds
A .I_ te — 3 where the thickness is
1 I greater than 20 mm,
. Lts Each side welded in sever-
970 -5mm ¥ al layers.
(a) (b)
148 70 Imm
/
Ao !
Loyl 1]
LS,! oa"
(e) (d)
—— 26" i 20~ i . . .
iii) | Double-welded butt \’ ‘7 r 7 Longitudinal and circum-
joint with single ferential butt welds in
U’ plates where the thick-
ts ness is  gicater than
7mm R l 7mm R 20 mm.
Smm NN} 070 1§ mM-I - L5 10 0mm Welded in several layers.
(a) (b)
¢ 20" o .
iv) Double-welded butt v \'- ‘I Longitudinal and circum-
joint with double = s e ferential  butt  welds
U’ 1mmR T ImmR -5 where the thickness is
“ = ts greater than 20 mm.
JL—OYO!mm ‘ ‘ILOTO\‘S
i Each side welded in sever-
{a) (b) al layers.
20" - !f +3mm

(¢}

W

~ABES o

(d)

( Continued )
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TABLE 6.1 SOME ACCEPTABLE TYPES OF BUTT WELDED JOINTS AND THEIR LIMITATIONS* — Contd

SL Joint DETAIL
No.

Fioures

APPLICATION

v) | Single-welded butt
joint with backing

10”10 ¢¢°
éﬁo T0 1S mm

Welded with backing bar
in several layers. Device

strip o \-’30' ~ essential to prevent slag
/ or powder running
}7 i \‘/ t 1 } C'Wl 1 ’ through welding.
om0 3m, ‘L—_——J‘_T ts ——T ts
— b G221 M Cs2t MIN =
va) (b)
c 8 mm UP TO 8 mm THICKNESS ()
10 mm ABOVE 8 mm THICKNESS (s
vi) | Single-welded butt v0" Butt welds in plates not
joint with ‘V* Y exceeding 10 mm thick-
groove, without 1=\ | ness.
backing strip 1
0 mm
+Smm—ed po—

vii) | Single-welded .butt 70°10 75 Butt welds in plates having
joint  with VvV’ a thickness not more
groove, without i than 16 mm.
backing strip

170 2-5mm-’ ‘I LA L10 TO 6 mm

a4 15 mm UP TO 10 mm THICKNESS
3:0 mm ABOVE 10 mm THICKNESS

*The use of other types of joints that meet the requirements of this code are acceptable.

6.4.4 Rust, scale, painting, oil, slag, etc, from
the flame-cutting or other contaminations of the
fusion faces shall be removed before welding is
commenced. In case of stainless steels this is
usually achieved by degreasing or pickling or both
(for details, see 8 of IS:2811-1964* ).

6.4.5 The surfaces to be welded shall be free
from foreign material, such as grease, oil, or mark-
ing paints for a distance of at least 25 mm from the
welding edges. Irregularities in fusion faces which
are likely to affect the quality of welding shall be
removed before welding is commenced.

6.4.6 Cast surfaces to be welded shall be
machined, chipped or ground to remove foundry
scale and to expose sound metal.

6.4.7 In the preparation of the fusion faces
care shall be taken that surface irregularities are
kept within such limits that they have no detri-
mental influence on the quality of the welded
joint and that the profile prescribed is kept within
the tolerances according to the best manufactur-
ing practices.

6.4.8 All plate edges, atter cutting and before
‘carrying out further work upon them, shall be

*Recommendations for manual tungsten inert-gas arc-
welding of stainless steel.

examined for laminations and also to make certain
that cracks have not been caused by shearing.

6.4.9 Plates for shell sections and end plates
shall be formed to the requircd shape by any
process that does not impair the quality of the
material. Carbon and low alloy steel plates may
be formed by blows at a forging temperature
provided the blows do not objectionably deform
the plate and it is subsequently normalized or
suitably heat-treated as may be agreed to between
the manufacturer and the inspecting authority.

6.4.10 Cold-formed plate material shall not be
subject to a deformation of more than 5 percent,
unless suitable heat treatment is cairied out after
such forming. Heat treatment shall, however,
be carried out even when the deformation is
less than 5 percent, if there is a pronounced risk
of brittleness through ageing. The deformation
expressed as a percentage is obtained from the
formula:

t x 100
D

Deformation =

where
t = thickness of the plate, and

D = internal diameter to which the plate
is bent or formed.
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TABLE 6.2 TYPICAL END CONNECTIONS TO SHELLS*

{ Clauses 3.4.7, 6.3.2.1, 6.3.5 and 6.3.6.2 )

S FI1GURES REMARKS
No.
i) i..___———l-— STRAIGHT FLANGE
OPTIONAL
!
' J.
| |
i
M
it) 1 STRAIGHT FLANGE Offset may be internal or external.
16° MAX 4 v i : :
; (SLoPE 1) Taper may include weld, if desired.
._L
R
| TAFER —L——-[ r 1
| |
’ l
i
i) . -~ STRAIGHT FLANGE Internal and external offscts need not
! R be symmetrically disposed.
l‘PARALLEL——l R 1 Max
{ J;/“— (SLOPE 1:4) Tapers may include weld, if desiyed.
¥ ;
PE! —-l‘——’i
TAPER /vn
! e o I
iv) Suitable for the connection of a
° hemispherical and thinner than the
14° MAX hell
s L (SLOPE 1:4) shell.
L See Table 6.1 for recommended weld
preparation.,
v) R"‘Q MAX (SLOPE 1:4) Su;;z:il:lzti;grs}igﬁs connection hetween
\ PARALLEL LENGTH IF .
DESIRED TO FACILITATE
A RADIOGRAPHIC EXAMINATION
‘ T OF SHELL/END SEAM
ts ‘
i ?
14° MAX
(SLOPE 1:4) .
R=tsMN
/\/ MAINTAIN INTERNAL
PROFILE OF END
QVER THIS AREA

*Dished ends of full hemispherical shape concave (o pressure, intended for butt welded attachment, need not have an
integral skirt, but whete one is.provided, the thickness of the skirt shall be at least that required for a seamless shell of the

sarpe diameter.
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Cold-forming shall not be undertaken when
the temperature of the metal is less than 0°C.
If the forming or bending operation takes place
in hot condition, no subsequent heat treatment
is required, if the final shaping process terminates
within the correct temperature limits for the
particular material,

6.4.11 Plates Welded Prior to Forming — Seams
in plates may be welded prior to forming provided
they meet the specified mechanical test require-
ments and that they are examined radiographically
throughout the entire length after forming.
After forming, the surfaces of such seams in alloy

- stee] parts, also in carbon steel parts over 25 mm
in thickness, shall be ground smooth and inspected
for cracks by ‘magnetic crack detection, dye pene-
trants or other agreed means.

6.4.12 Cold-rolling of a welded shell to rectify
a small departure from circularity is permitted,
subject to the concurrence of the inspecting
authority provided that the radiography ( see 8.7)
takes place after such cold-rolling, where radio-
graphy is called for.

6.4.13 Butt Welds Between Plates of Unequal
Thickness — Where two plates at a welded joint
differ in thickness by more than 3 mm the thicker
plate shall be trimmed to a smooth taper as
stipulated in 6.3.5.

6.5 Assembly of Plates and Fit-Up

6.5.1 Bars, jacks, clamps, tack welds or other
appropriate means may be used to hold the edges
to be welded in line. All tack welding shall be
properly carried out in such a manner that no
crack arises in tack welds or in parent metal.
Tack welds shall be of sufficient length and size to
avoid subsequent cracking. Tack welds in plates
shall subsequently be removed so that they do
not become part of the joint.

Note — Tack welds in plates below 7 mm thick need
not be removed, if it can be demonstrated to the
satisfaction of the inspecting authority, that they are
of sufficient length and have proper penetration to
form part of the subsequent weld.

6.5.2 When the plates are kept irt position by
tacking bars welded to the plates, such bars shall
be properly removed, after the welding, insuch a
manner that no grooves or notches are left in the
plate surface.

6.5.3 Where a root gap is specified, the edges
of butt joint shall be held so that the correct gap
is maintained during welding. The increase or
decrease in root gap atany point in a seam, after
tacking, shall not vary by more than 1-0 mm.

6.5.4 While making fillet welds, the mating
surfaces should fit properly everywhere, so that the
effective throat thickness of the weld shall be not
less than those specified in the drawing.

6.5.5 Where fillet welds are used, the lapped
plates shall fit closely and be kept together during
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welding. Domed ends which are inserted in the
shell shall be a good fit.

6.5.6 The edges of butt joints shall be properly
aligned so that the tolerances given in 6.6 are not
exceeded in the completed joint., Where fitted
girth joints have deviations exceeding the permis-
sible tolerances, the head or shell ring whichever
is not true shall be re-formed until the errors are
within the limits specified.

6.6 Alignment and Tolerances.

6.6.1 General — The shell sections of completed
vessels shall be circular within the limits defined
in 6.6.4 and 6.6.5. Measurements shall be made
to the surface of the parent metal and not to a
weld, fitting or other raised part.

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

6.6.1.2 There shall be no flats or peaks at
welded seams and any local departure from cir-
cularity shall be gradual.

6.6.2 Before any welding is commenced, it
shall be ascertained that the chamfered edges are
in alignment and that the defects in alignment
at the surface of the plates are less than:

a) For plates of thickness 5 mm or less — t/6 fora
longitudinal seam and ¢/4 for a circum-
ferential seam subject to a maximum of
I mm.

b) For plates over 5 mm in thickness — Before
any welding is commenced it shall be
ascertained that the prepared edges are in
alignment to meet the requirements of the
welding process and that the defects in
alignment at the surface of the plates are
not more than:

1) 10 percent of the nominal plate thick-
ness with a maximum of 3 mm for
longitudinal joinit. However, for plates
up to and including 10 mm thick a
misalignment of 1 mm is permitted,

2) 10 percent of the maximum nominal
plate thickness plus 1 mm with a
maximum of 4 mm for circumferential
joints.

Note — Welds made with backing strips require better
alignment than specified above.

6.6.3 Circumference — Unless otherwise agreed
upon, the external circumference of the completed
shell shall not depart from the calculated circum-
ference based upon nominal inside diameter and
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the actual plate thickness by more than the
following amounts:

Outside Diameter Circumferential
( Nominal Inside Diameter Plus Tolerance
Twice Actual Plate Thickness)
300. mm up to and including 45 mm
600 mm
Over 600 mm 40-25 percent

Notwithstanding the requirements of this
clause, the misalignment tolerances for two mating
parts given in 6,6,2 shall be the governing factor.

6.6.4 Out of Roundness of Vessels — The difference
between the maximum and minimum diameter
at any cross section of a drum or shell welded
longitudinally shall not exceed 1 percent of the
nominal internal diameter with a maximum of

Di+ 1 250 .
200

6.6.4.1 At nozzle positions a greater out of
roundness may be permitted if it can be justified
by calculation and is agreed between the pur-
chaser, manufacturer and the inspecting authority.

6.6.4.2 To determine the difference in dia-
meters, measurements may be made on the inside
or the outside of the drum or shell. If the drum
or shell is made of plates of an unequal thickness,
the measurements shall be “corrected for the plate
thicknesses as they may apply to determine the
diameter at the middle line of the plates. The
gkirts of heads shall be sufficiently round, so that
the difference between the maximum and the
minimum diameters shall not exceed 1 percent of
the nominal diameter. :

6.6.4.3 For vessels with longitudinal lap
joints, the permissible difference in inside dia-
meters may be increased by the nominal plate
thickness.

 6.6.5 Irregularities in profile ( checked by a
20° gauge ) shall not exceed 3 mm plus 5 percent
of the minimum plate thickness. The maximum
value may be increased by 25 percent if the
length of the irregularity does not exceed one-
quarter of the length of the shell ring with a maxi-
mum of 1 000 mm.

6.6.5.1 There shall be no flats at welded seams
and any local departure from circular forms shall
be gradual. Cold rolling of a welded shell to
rectify a small departure from circularity is per-
mitted, but if this occurs it must be done before
the non-destructive examination of the seams as
specified in 8.7.

6.6.6 The individual cylindrical shells shall be
reasonably square and straight. Unless otherwise
specified the out of straightness of the shell shall
not exceed 0-3 percent both of the total cylindri-
cal length any 5 m length. (This tolerance may
be omitted where the individual shell léngth
does not exceed 2 m.)
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6.6.7 Tolerance on Formed Heads — The inner
surface of a head shall not deviate from the speci-
fied shape by more than 1:25 percent of the inside
diameter of the head skirt. Such deviations shall
not be abrupt, shall be outside of the theoretical
shape, and shall be measured perpendicular to the
specified shape.

6.6.7.1 The skirts of heads shall be suffi-
ciently true to round so that the difference between
the maximum and minimum diameters shall be
within the limits specified in 6.6.4.

6.6.7,2 When the skirt of any unstayed form-
ed head is machined to make a close and accu-
rate fit into or over a shell, the thickness shall not be
reduced to less than 90 percent of that required
for blank head. When so machined, the transi-
tion from the machined thickness to the original
thickness of the head shall not be abrupt but shall
be tapered for a distance of at least four times
the  difference between the thicknesses.

6.6.7.3 Vessels fabricated from pipe — The
permissible variation in outside diameter -of
vessels fabricated from pipe shall be in accordance
with the requirements of the specification govern-
ing the manufacture of pipe.

6.6.8 Attachments and Fittings — All lugs, brackets,
saddle-type nozzles, manhole frames, reinforce-
ment around openings, and other attachments
shall conform reasonably to the curvature of the
shell or surface to which they are attached.

6.7 Welding Procedure

6.7.1 All welding shall be carried out using a
suitable welding sequence and in such a manner
that harmful secondary effects are avoided.
Wherever possible welding should be carried out
in downhand position.

6.7.2 During the execution of welding the work-
ing side shall be suitably sheltered against the
influence of weather ( wind, rain and snow ). No
welding of any kind shall be done when the
temperature of the base metal is lower than 0°C
in the vicinity of the welds. When the base
metal temperature is below 0°C, the surfaces of all
areas within 200 mm of the joint, where a weld
is to be deposited, should be heated to a tempera-
ture at least warm to the hand ( 15°-20°C).
The arc shall not be struck on those parts of
the parent metal where weld metal is not to -be
deposited ( see also IS : 4944 - 1968* ).

. 6.7.3 If preheating is required, it shall be carried
out properly keeping strictly the temperature
needed over a sufficient width of the base material
on both sides of the welded joint.

6.7.4 Fusion faces should be as even as possible
throughout and the weld grooves be of uniform
width. In the preparation and execution of

*Code of
temperatures.

procedure for welding at low ambient



work, complete fusion without lack of penetration
at the root of the joint shall be ensured.

6.7.5 Each run of weld metal shall be thorough~
ly cleaned and all slag removed before the next
run is deposited.

6.7.6 The use of a filler material that will deposit
weld metal with a composition and structure as
near as that of the material being welded is
recommended.

6.7.7 In making 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 ensured.

6.7.8 In fillet welding the laé)ped plates shall

fit closely and melting of the sharp edges shall
be avoided (see Fig. 6.3 ).

o
R J‘\\\

ROOT IS LESS THAN 2:5mm
(A) NORMAL FILLET WELD

V//Z/’{// ;
M.

——| l-— PENETRATION BEYOND
ROOY 1S 2+%mm OR MORE

(B) DEEP PENETRATION FILLET WELD
Fic. 6.3 Types oF FiLLET WELDS

6.7.9 Double butt welded joints shall be welded
from both sides of the plate. Before. the second
side of the plate is welded, the metal at the bottom
of the first side shall be removed to sound metal
by grinding, chipping, machining or other appro-
ved methods.

6.7.10 The requirements of 6.7.9 are not
necessary if the welding process employed ensures
complete fusion otherwise and the base of the
weld remains free from impurities.

6.7.11 After welding has been stopped for any
reason, care shall be taken in restarting to ensure
proper fusion and penetration between the plates,
the weld metal and the previously deposited weld
metal, which shall be thoroughly cleaned and
freed from slag.

6.7.12 When butt joints are to be welded from
one side only, care shall be taken in aligning and
separating the edges to be joined, in order to
ensure proper fusion and penetration at the bottom
of the joint.

6.7.13 When butt joints are to be welded from
one side only, the root side of the joints shall
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be subjected to close inspection, whereby a
distinction is made between the irregularities and
defects as shown in Fig. 6.4.

—

(A) CONCAVITY IN ROOT (8) EXCESSIVSEPAEDNETRATION

(C) EXCESSIVE PENETRATION (D) INCOMPLETE ROOT FUSION

A

o

(€) LACK OF SIDE FUSION

Fic. 6.4 WerLp DerFecTs

6.7.13.1 Irregularities of the types (A), (B)
and (C) shown in Fig. 6.4 may be accepted subject
to approval of the inspecting authority. Defects of
the types (D) and (E) (unfused corners in the
root ) are not permitted.

6.7.14 Plug or slot welds shall be formed by
depositing a fillet around the inside edge of the hole
and leaving the centre open for inspection. The
hole or slot shall not be filled flush with weld metal
except where this is required to complete a
corrosion-resistant surface.

6.7.15 The surface of the welds shall be smooth
and have gentle transition to the plate surface,
The weld metal shall fill the groove completely
forming a smooth connection with the parent
metal on both sides and shall be free from pro-
nounced surface irregularities, such as undercuts,
cracks, overlaps, abrupt ridges or valleys, or
irregular beads.

6.7.16 Additional weld metal may be deposited
as reinforcement on each side of the plate so as to
ensure that the weld grooves are completely filled
and the surface of the weld metal at any point does
not fall below the surface of the adjoining plate.
The thickness of the reinforcement on each side
of the plate shall not exceed the following thickness
in case of severe and medium duty vessels:

Plate Thickness Thickness of
Reinforcement, Max

mm mm

Up to 12 I-5

Over 12 up to and 2:5
including 25

Over 25 up to and 30
including 52

Over 52 40
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In case of light duty vessels, the reinforcement
shail be not more than 5 mm.

6.7.17 The reinforcement need not be removed
except when it exceeds permissible thickness or
when required under 8.7.

6.7.18 Cracks, lack of fusion, undercutting,
incomplete root fusion, porosity or slag inclusions,
which affect the strength of welded joints shall
not be permitted beyond the limits permitted
in 8.7.5.3 and 8.7.5.4.

6.7.19 Tf backing strip is used, it shall be of such
material that it dces not influencc the weld
adversely. Wherever possible the backing strip
shall be removed afier welding but prior to carrying
out the required non-destructive tests { see 8.7 ).

6.7.20 If backing rings or consumable insert
backing rings are used for pipes and tubes, these
shall be of such material and design and be so
fitted that their use does not cause defect in the
weld. If non-consumable backing rings are left
in place these shall be properly secured and when
necessary they shall have a contour on the 1n51d.c
to minimize the restriction to flow and permit
the passage of a tube cleaner.

6.7.21 If the pipe or tube wall is recessed for a
backing ring, the depth of such recess shall be so
limited that the remaining net section of the wall
shall be at least equal to that required for the pipe
or tube. A diminution of thickness of not more
than 0-8 mm is allowable if compensation is made
for it by an equivalent increase in the reinforce-
ment of the weld.

6.7.22 Not less than two runs of weld metal
shall be deposited at each weld affixing branch
pipes, flanges and scatings.

6.7.23 It is recommended that while finish-
ing or dressing welds it shall be ensured that
unavoidable scratches arising in the finishing
or dressing process run parallel with the direc-
tion of greatest tensile stress in the weld due to
the internal or external pressure or form an
angle not exceeding 45°.  While chipping and
grinding care is to be taken that cracks, local
indentations or hardening effects do not arise.

6.7.24 Circumferential joints of headers, pipes
and tubes of small diameters are permitted to be
welded from one side only, with or without backing
strips.  The design of the joint and the method of
welding shall provide full penetration and it shall
be demonstrated by a qualification test and/or
radiography that the welding method produced
a weld that is free from significant defects.

6.7.25 All persons engaged in welding of pres-
sure vessels shall be adequately protected and the
safety requirements stipuiated in IS: 818-1957*
and IS:3016-19657 shall be complied with.

*Code of oractice for safcty and health requirements in
electric and gas welding and cutting operations.

¥Code of vpractice for fire precautions in welding and
cutting operations.
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6.7.26 Arc flashes should be ground out and
welds used for the attachment of erection cleats
should be ground flush with the plate surface.

6.7.27 In case of vessels required to operate at
low temperatures the ends of branch pipes and
other openings in the vessels shall be ground to
a smooth radius after all welding is complete.

6.7.28 The method of welding steel clad with
the corrosion-resistant linings is given in
Appendix [ for information.

6.8 Welding of Non-ferrous Metals

6.8.1 Gas Welding— The commonly used gas
processes for welding aluminium-base materials
employ oxy-hvdrogen or oxy-acetylene flames
whereas only the latter produces sufficient heat
for welding the copper-base and nickel-base
alloys. For the aluminium-nickel and cupro-

-nickel alloys a neutral to slightly reducing flame

should be used, whereas for copper-base materials
the flame should be neutral to slightly oxidizing.
A suitable flux, applied to the welding rod and the
work, shall be used except that no flux is required
for nickel. Boron-free and phosphorus-free fluxes
are required for nickel-copper alloys and for nickel-
chromium-iron alloys. Residual deposits of flux
shall be removed.

6.8.2 Metal-Arc Welding — Metal-arc  welds
may be made with standard dc equipment using
reversed polarity ( electrode-positive) and co-
vered electrodes. A slightly greater included angle
in butt welds for adequate manipulation of the
electrode is required.

6.8.3 Inert-Gas Metal-Ars Welding — Both  the
consumable and non-consumable electrode pro-
cesses are particularly advantageous for use with
the non-ferrous materials. Best results are obtain-
ed through the use of special filler metals ( see
also 1S : 2812-1964* and IS : 2680-196471 ).

6.8.4 Resistance Welding — Electric  resistance
welding, which includes spot, line or seam, and
butt or flash welding, may be used with the non-
ferrous materials. Proper equipment and tech-
nique are required for making satisfactory welds.

6.9 Rectification of Welds

6.9.1 Visible defects, such as cracks, pinholes
and incomplete fusion and defects detected by the
pressure test or by the examinations prescribed
m 8.7.1, 8.7.2 and 8.7.11, shall be repaired by
removing the defective material by grinding, chip-
ping, machining, flame gouging or other approved
methods to sound metal, and re-welding, care
being taken to ensure proper penetration and com-
plete fusion of the fresh weld deposit with the plates
and previously deposited weld metal.

Note — The wclding procedurc for repairing the
cracks suggested here is non-mandatory and is subjected

*Recommendations for manual tungsten inert-gas arc-
welding of aluminium and aluminium alloys.

tFiller rods and wires for inert gas tungsten arc welding.



to the approval of the inspecting authority. A hole of
about 10 mm diameter, depending on the plate thickness
is drilled and countersunk at ezch end. The edge of the
hole shall be about 50 mm away from cither end of the
crack. The distance between the holes shall be opened
out by a V-or U-groeve to the required depth and
rewelded. The holes shall be filled last. It shall be
cnsured by radiographic examination that no further
crack has develuped and the portion thus repaired meets
the requirement of this code.

6.9.1.1 Repairs to welded joint cracks and to
minor plate defects may be made after chipping
out a U-or V-groove to full depth and length of the
crack and filling this groove with weld metal
deposited in accordance with 6.7.

6.9.2 When repeated repairs are to be carried
out on the same part of a welded joint, adequate
precautions shall be taken to avoid a detrimental
accumulation of residual stresses.

6.9.3 If the defects form a continuous line, the
extent of repair shall be agreed upon between the
manufacturer and the inspecting authority.

6.95.4 All repairs carried out by the manufac-
turer on a finished vessel shall be reported to the
inspecting authority.  On completion of welded
repairs, the manufacturer shall, if requested, supply
for record purpose report of all repairs. No
repair shall be carried out without prior approval
of the inspecting authority.

6.9.4.1 When repairs are carried out because

.of defects found by a radiographic examination,

all the radiographs causing the demand for repair

shall be kept on record and placed before the
inspecting authority upon request.

6.10 Repair of Drilled Holes —— Holes drilled
through the vessel wall for measuring thickness
should be closed by welding with penetration for
the full depth of the hole. Alternatively, these
holes may be treated as unreinforced openings and
closed by any method permitted under the rules
specified in this code.

6.11 Repair of Cracks — Cracks or grooving
in plates on which forming operations have been
carried out may be removed to sound metal and
welded subject to prior agreement between the
purchaser and the inspecting authority.

6.12 Post Weld Heat Treatment

6.12.1 Post weld heat treatment shall be
carried out as the last operation prior to the
pressure test in the case of carbon and low alloy
ferritic steels either by normalizing or by stress-
relieving. Special heat treatment in the case of
high alloy steels and in the case of non-ferrous
metals where necessary shall be subject to
agreement between the manufacturer and the
inspecting authority,

6.12.2 Vessels or parts of vessels fabricated from
carbon and low alloy steels shall be thermally
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stress-relieved by one of the procedures given
in 6.12.3 when:

a) intended for contaliing toxic or inflam-
mable material;

b) intended for operation below 0°C;

c) intended for use with media liable to cause
stress corrosion cracking;

d) subjected to excessive local stress concen-
tration which may give rise to cracking or
subjected to changing loads and subsequent
risk of fatigue failures;

e) risk of brittle fracture due to the combined
influence of material, transition tempera-
ture, notch effect, etc;

f) it is necessary to maintain dimensional
accuracy and shape in service; and

g) the plate thickness including corrosion
allowance, at any welded joint in the vessel
shell or head, exceeds the values given in
Table 6.3 for various groups of materials.

6.12.2.1 When the welded joint connmects
plates that are of different thickness the plate
thickness to be used in applying the requirements
of stress-relieving in 6.12.2 (g) shall be the
following:

a) The thinner of two adjacent butt welded
plates including head to shell connections;

b) The thicker of the shell or head plate, in
connections to intermediate heads;

c) The thickness of the shell in connections to
tube sheets or similar constructions; and

d) The thickness of the shell or head plate in
nozzle attachment welds.

6.12.2.2 All welding of connections and
attachments shall be stress-relieved when the vessel
or part thereof is required to be stress-relieved
( see Table 6.3 ).

6.12.2.3 Heat treatment should be carried
out after all welded connections have been at-
tached to the vessel. When welding repairs have
been done to a vessel which has been earlier heat-
treated, the vessel shall be heat-treated again,
unless such rectifications are of very minor nature,

6.12.2.4 Stress-relieving, when required, shall
be done before the hydrostatic test and after any
repairs to welding. A preliminary hydrostatic
test at a pressure not exceeding 0-5 times the
design pressure to reveal leaks prior 1o the stress-
relieving operation is permissible.

6.12.2.5 Normalizing is desirable when a
structural improvement is necessary as with
pressure vessels that are subjected to blows and
knocks. When welding pressure vessels that are
to be normalized, the filler metal used shall be of
the type, that the weld deposit will, after normaliz-
ing, meet the same requirements regarding the
yield point as the parent metal. Considerations
should be given to the deformations or stresses

75



1S :2825-1969

MATERIAL
Group

(1)
0

la

ib

2a

2b

IS REQUIRED

TABLE 6.3 MAXIMUM PLATE THICKNESS ABOVE WHICH POST WELD HEAT TREATMENT

| Clauses 6.12.2 (g) and 6.12.2.2]

PerCENTAGE CHEMiCAL (COMPOSITION
AND MECHANICAL PROPERTIES

(2)

Carbon 0-20 Max

Manganese 100 Max

Residual eleinents 0-80 Max

Specified minimum yield strergth 26 kgf/mm?2
Max

Carbon 025 Max

Manganese 1°60 Max

Residual elements 0-80 Mayx

Specified miniimum  vield strength 38 kgfjmm?
Max

Carbon 0-30 Ma:x

Manganese 120 Max

Residual element 040 Aax

Specified minimum yield strength 38 kgf/mm?
Moax

Carbon §°25 Max

Manganese 1-60 Max

Chromium 0°60 Max

Molybdenum 0760 Max

Vanadium 0°12 Max

Residual or other elements 0'80 Max

Specified minimum yield strength 44 kgf/mm?2
Max

Carbon 0-35 Max

Manganese 120 Max

Residual or other elements 040 Max |

Specified minimum vyield strength 44 kef/mm?
Max

Carbon 025 Max

Manganese 1°60 Max

Chromiuvm 1:50 Max

Molybdenum 150 Max

Vanadium 0°16 Max

Residual or other element 0-80

Specified minimum yield stretigth 44 kgffmm2
Max

All other ferritic stecls

>

}

PLaTE THICKNESS

@)

30 min ( see Notes 2 and 3}

However for fine grained ste:l: (see Note 1) this
may be increascd to 38 mm when agreed to bet-
ween purchaser, manufacturer and inspecting
authority subject to preheating for thicknesses
over 30 mm

20 mm { sez Notes 2 and 3 )

% All thicknesses

All thicknesscs (see Note 4)

Note | — Fine grained steels are here considered to be those Laving Charpy V impact test value* of 5°5 kgf'm/em? or
2'8 kgf'm at —20°C (longitudinal direction ) which have been proved by immpact tests.

Note 2 — For vessels of thickness over 15 mm and of steel which is not fine grained and where post-weld heat treat-
ment is not carried out, the steels shall be Charpy V impact tested at 0°C and have an impact value* of 35 kgf*m/cm?
or 2'8 kgf*m ( longitudina! dircction ).

Note 3-— All vessels with a wall thickness over 5 mm, designed for service below --20°C shall be post-wcld heat-

treated.

Note 4 — For circumferential butt weld in pipes or tubes and for fillet welds attached with throat thicknesses not
exceeding 8 mm, post-weld heat treatment is not mandatory under the following conditions:

a) Maximum specified chromium content of 3 percent
» 39

carbon

LX)

” 015 percent

b) Maximum outside dizmeter 102 mm

¢} Maximum thickness

& mm

d) Minimum preheat temperaturs 150°C

e) Service temperature

450°C

#See 1S . 1757-1961 ¢ Method for beam impact test ( V-notch ) for steel ’.

76



arising with the heating and cooling associated
with the normalizing process.

6.12.2.6 A normalizing heat treatment before
or after welding is required for hot-formed parts
unless the process of hot-forming was carried out
within a temperature range corresponding to
normalizing.

6.12.3 Procedure for Thermal Stress Relief — The
operation of thermal stress-relieving shall be
performed in accordance with the requirements
given in 6.12.2 using one of the following pro-
cedures.

6.12.3.1 The vessel shall be stress-relieved
by heating as a whole in an enclosed furnace
wherever practicable. Where it is not practicable
to stress-relieve the entire vessel in one operation,
the following procedures may be adopted. It
may, however, be noted that these procedures
may not ensure the same degree of immunity
from susceptibility to stress corrosion cracking:

a) The vessel is heated in sections in an en-
closed furnace, the minimum overlap of the
heated sections being 1'5 m. Where this
method is adopted, the vessel portion pro-
jecting outside the furnace shall be suitably
shielded so that the temperature gradient is
not harmful.

b) Circumferential seams in shells, piping
and other tubular products may be locally
stress-relieved by heating uniformly a
shielded circumferential band around the
entire circumference. The width of the heat-
ed band shall be not less than 54/ rt, where
r and ¢ are the radius and the thickness
of the part stress-relieved, the weld being
in the centre of the band. Sufficient in-
sulation shall be provided to ensure that the
temperature of the weld and heat affect-
ed zone is not less than that specified and
the temperature at the edge of the heated
band is not less than half the peak tem-
perature. In addition the adjacent portion
of the material outside the heated zone
shall be protected by means of thermal in-
sulation so that the temperature gradient
is not harmful. A minimum width of insula-
tion of 104/7f is recommended for the
purpose of meeting these requirements.

c) The vessel may also be heated internally
for heat treatment, in which case the vessel
shall be fully encased with insulating ma-
terial. The internal pressure should be
kept as low as possible and should not be
such as to cause appreciable deformation
at the highest metal temperature expected
during heat treatment.

d) Shell sections or any other portion of a
vessel may be heated to stress-relieve longi-
tudinal joints or complicated welded details
before being joined to make the completed
vessel. When it is not practicable to stress-
relieve the completed vessel as a whole or
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in two or more parts as provided, any cir-
cumferential joint not previously stresss
relieved may be thereafter locally stress-
relieved after welding the closing joints,
by heating such joints by any appropriate
means that will assure the required uni-
formity. The width of the heated band

shall be not less than 2:54/rt. The portion
outside the heating device shall be protected
so that the temperature gradient is not
harmful. This procedure may also be used
to stress-relieve portions of new vessels after
repairs,

€) Branches, nozzles or other welded attach-
ments may be locally stress-relieved by
heating a shielded circumferential band.
The band shall be heated up uniformly to
the required temperature and held for the
specified time. The circumferential band
shall extend around the entire vessel, shall
include the nozzle or welded attachment,
and shall extend at least 2:54/r¢ beyond the
welding which connects the nozzle or other
attachment to the vessel. The portion of
the vessel outside of the circumferential
band shall be protected so that the tempera-
ture gradient is not harmful. A minimum
width of insulation of 2:54/r¢ on either side
of the heated band is recommended.

6.12.3.2 Where a welded production test
plate is required, it shall be placed inside the drum
during heat treatment, or where this is impracti-
cable, the test plate may be placed alongside the
drum in the furnace in such a position that it will
receive similar heat treatment.

The test plate may be heat-treated separately
from the drum provided that means are adopted
to ensure that the conditions are the same for the
test plate as for the drum, namely, rate of heating,
maximum temperature, soaking temperature,
soaking time, and rate of cooling.

6.12.4 Stress-relieving of welded pressure parts
shall be effected by any of the following methods.

6.12.4.1 The temperature to which the
material shall be heated for stress-relieving pur-
poses shall be within 580° to 620°C with the
following requirements:

a) The temperature of the furnace at the time
the vessel is placed in it shall not exceed

300°C.

b) The rate of heating above 300°C shall not
exceed 220 deg per hour up to and includ-
ing 25 mm shell or end plate thickness.
For shell or end plate thickness over 25 mm
the rate of heating above 300°C shall be

5 500
Max shell or end plate thickness in mm
or 55 deg per hour, whichever is greater.

¢) During the heating period there shall not
be a greater variation in temperature
throughout the portion of the vessel being

deg per hour
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heated than 150 deg within any 45 m
interval of length, and when at the holding
temperature, the tem'perature not more than
50 deg throughout the portion of the vessel
being heated shall be within the range
580° to 620°C.

d) When it is impracticable to stress-relieve
at a temperature of 580° to 620°C, it is
permissible to carry out the stress-relieving
operation at lower temperatures for longer
periods of time in accordance with the

following:
Metal Time of Heating,
Temperature °C Minutes|mm of thickness
575 35
550 60
525 9:0

For intermediate temperatures, the time of
heating shall be determined by straight line
interpolation.

6.12.4.2 When the vessel has attained 2 uni-
form temperature as specified above, the tempera-
ture shall be held ‘constant for a period of 2:5
niinutes or longer as may be necessary per
millimetre of the maximum thickness of the shell
or end plate subject to a minimum of one hour.

6.12.4.3 During the heating and holding
period the furnace atmosphere shall be so controlled
as to avoid excessive oxidation of the surface of
the vessel. There shall be no direct impingement
of the flame on the vessel.

6.12.4.4 The vessel shall be cooled in the
furnace to 400°C at a rate not exceeding:

Up to and including 275 deg per hour
25 mm Max thick-
ness of shell or end

plate

7 000

Max shell or end plate
thickness in mm

Over 25 mm Max
thickness of shell or
end plate

deg per hour

or
55 deg per hour whicheverisgreater
Below 400°C the vessel may be cooled in still air.

6.12.4.5 The temperatures specified shall be
the actual temperatures of any part of the vessel
and shall be determined by thermocouples in
contacts with the vessel.

All temperatures shall be recorded continu-
ously and automatically.

6.12.4.6 A temperature-time diagram of the
stress-relieving operation shall be provided with all
the vessels requiring stress relief according to this
code.

6.12.4.7 The minimum temperature for
stress relief given above shall be the minimum
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temperature of the plate material of the shell or
head of any vessel. 'Where more than one pressure
vessel or pressure vessel part is stress-relieved in
one furnace charge, thermocouples shall be placed
on vessels at the bottom, centre, and top of the
charge, or in other zones of possible temperature
variation so that the temperature indicated shall
be the true temperature for all vessels or parts
in those zones*,

6.12.5 Alloy Steels — The most suitable post-
weld heat treatment temperature and thermal
cycle depends upon the composit. on of the alloy
and any special properties which may be required.
When such materials are to be heat-treated, these
details shall be given special consideration and
shall be agreed to between the purchaser ( or
inspecting authority ) and the manufacturer.

Table 6.4 is given as a guide for heat treatment
and the effect of the heat treatment proposed
should be considered in regard to any special
requirements.

TABLE 6.4 HEAT TREATMENT FOR ALLOY

STEELS

TyPE OF STEEL RANGE oOF TIME IN MINUTES

TEMPERATURE PER mm OF

THICKNESS

C-4 Mo 620-660°C 2'5 (1 hour Min)
4 Cr-3 Mo
! *Cé;% ;‘1{‘;0 J} 620-660°C 2'5 (1 hour Min)
23 Cr-1 Mo* 600-750°C 25 (2 hours Min)
5 Cr-4 Mo 700-740°C 25 (2 hours Min)
33 Ni 580-620°C 2'5 (1 hour M)

*This wide range for the rpost-weld heat treatment
temperature is necessary because of the marked dependence
of the mechanical properties of this stcel on the tempering
temperature.

In production a definite temperature with a tolerance
of £20°C would be selected to ensure that the mechanical
properties upon which the design was based are in fact
achieved.

6.12.6 Other Heat Treatments

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

6.12.6.2 Other heat treatments ( tempering,
quenching and tempering, etc ) have to be carried
out in conformity with the procedure agreed by
the manufacturer, purchaser and inspecting autho-
rity, according to the type, grade and thickness of
the steel.

*Furnace gas temperature measurement alone is not
considered sufficiently accurate.



7. WELDING QUALIFICATIONS

7.1 Welding Procedure Qualifications

7.1.1 When a manufacturing firm furnishes
proof, satisfactory to the customer in conjunction
with his inspcctiﬁg authority, that it has previously
made successful procedure qualification tests or
successfully undertaken the manufacture of boiler
components, in respect of method, base and filler
metal or thickness within a period of 3 years, in
accordance with the requirements of an approved
standard, such a firm shall be deemed exempt from
the necessity of requalifying under the require-
ments of this code within the range covered by the
previous tests. When the manufacturer com-
mences any welding not previously qualified and
successfully undertaken by him as regards methods,
parent metal, filler material, thickness and equip-
ment, he shall prove to the inspecting authority
that his organization is capable of welding the
materials to be used. For this purpose, test welds
shall be made in accordance with the limitations
stated in the following clauses.

7.1.2 All test welds for welding procedure
qualifications shall be carried out as butt welds,
If the production welding is to be done in the
downhand position, the procedure test plate shall
also be welded in the downhand position. If the
production welding is done in any other position,
the procedure test weld shall be welded in a similar
position.  Similar positions are regarded as

Plate Horizontal

Axis of Pipe Horizontal,
Pipe Shall be Rolled

IS : 2825 - 1969

positions falling within the limits of any funda-
mental welding position given in IS : 815-1966%,

7.1.2.1 Test positions for butt welds — Butt
welds for making tests for procedure qualification
and welder’s performance qualification shall be
made in the following basic positions:

a) Downhand position — Plate and pipe in a
horizontal plane with the weld metal
deposited from above ( see Fig. 7.1 A-1 and
7.1 A-2),

b) Horizontal position — Plate and pipe in
a vertical plane with the axis of the weld
horizontal. Welding shall be done without
rotating the pipe (see Fig. 7.1 B-1 and
7.1B-2)

c) Vertical position — Plate in a vertical plane
with the axis of the weld vertical ( see
Fig. 7.1C)

d) OQverhead position — Plate in a horizontal
plane with the weld metal deposited from
underneath ( see Fig. 7.1D)

e) Horizontal fixed position — Pipe with its axis
horizontal and with the welding groove in
a vertical plane. Welding shall be done
without rotating the pipe so that weld metal
is deposited from the flat, vertical, and over-
head positions ( see Fig. 7.1E )

*Classification and coding of covered electrodes for
metal arc welding of mild steel and low alloy high tensile
steels ( revised ).

Plate Vertical, Axis of Axis of Pipe Vertical
Weld Horizontal Fixed

While Welding

z D g

7.1 A-2 Test Position ( Flat) 7.1 B-1 Test Position

{ Horizontal )

7.1 B-2 Test Position
( Horizontal )

7.1 A-1 Test Position ( Flat)

Axis of Pipe Horizontal, Pipe
Shall not be Turned or
Rolled While Welding

= ()

7.1 D Test Position
( Overhead )

Plate Vertical, Plate Horizontal

Axis of
Weld Vertical

AT

)J/

7.1 C Test Position
( Vertical )

Fia. 7.1

7.1 F Inclined at 45°
to Horizontal

7.1 E Test Position
( Horizontal-Fixed )

Postrions oF Test PLATEs OR PipEs FOR WELDER QUALIFICATION
AxD PrrrorMANCE oF Burt WeLDs
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An additional test position in case of butt
welded pipes is the pipe inclined at 45°C to the
horizontal ( see Fig. 7.1F ).

7.1.2.2 Qualification in the horizontal, verti-
cal, or overhead position shall qualify also for the
downhand position. Qualification in the horizontal
fixed position, shall qualify for the downhand,
vertical, and overhead positions. For pipes quali-
fication in the horizontal, vertical and overhead
positions shall qualify for all positions.

7.1.3 Apart from what is specified in 7.1.1
and 7.1.2, procedure qualification test welds for
all pressure parts of pressure vessels shall be made
in such a manner that the welds are considered
representative of those made in production, taking
into account the following essential variables.

7.1.3.1 Type of parent metal

a) Steel — The procedure qualification test
plates or test pipes shall be made from steel
with a tensile strength in the same range
as that of the steel to be used in the
construction and a chemical composition
approximately corresponding to the most
unfavourable analysis from the standpoint of
weldability and within the limits of the
material specification of the steel concerned.
A procedure qualification made on steel
with a certain tensile strength and a certain
chemical analysis shall also cover the use
of steels having a lower strength and a more
favourable chemical analysis. In the case of
plain carbon or carbon-manganese or alloy
steels, these requirements are considered to
he met, as long as the steel used for pro-
duction and for the procedure qualification,
both fall within the limits of one of the
following groups:

i) Low alloy and carbon steels

1. Grade St 42 IS: 226-1962 Specification
for structural steel ( standard quality)
{ third revision )

2. Grade St 55-HTW 1IS:961-1962 Speci-
fication for structural steel ( high tensile)
( first revision )

3. Grade St 42 W IS : 2062-1962 Specifica-
tion for structural steel ( fusion welding
quality }

4, Grade (15Mn75 1S:1570-1961 Sche-
dules for wrought steels for general
engineering purposes

5. 1S:2041-1962 Specification for steel
plates for pressure vessels

6. Grade 20Mo351S: 1570-1961 Schedules
for wrought steels for general engineering
purposes.

7. 1S§:2002-1962 Specification for steel

plates for boilers

8. Gradés 1 and 2 of IS:3038-1965
Specification for alloy steel castings for

80

pressure containing parts suitable for
high temperature service ( fusion weld-
ing quality )

9. 1S:1914-1961 Specification for carbon
steel boiler tubes and superheater tubes

10. IS:2416-1963 Specification for boiler
and superheater tubes for marine and
naval purposes

11. IS: 2004-1962 Specification - for carbon
steel forgings for general engineering
purposes

12. IS: 3039-1965 Specification for struc-
tural steel ( shipbuilding quality )

13. IS:3503-1966 Specification for steel for
marine boilers marine pressure vessels
and welded machinery structures )

14. 1S: 3945-1966 Specification for steel for
naval purposes

15. Carbon and carbon-manganese steels
conforming to material group 0 and
1 of Table 6.3 except those used for low
temperaturc operation.

Note -— Carbon over 023 percent is subject to agree-
ment between the manufacturer and the inspecting
authority, In these cases preheating is recommended.

ii) Alloy steels { other than high alloy heat resisting
and stainless steels )

1. Alloysteels conforming to material group
2, 3 and 4 of Table 6.3 and group
0 and group 1 steels to be used at low
temperatures

2. 1IS:3609 - 1966 Specification for chrome
molybdenum steel, seamless boiler and
superheater tubes

3. IS:2611 - 1964 Specification for carbon
chromium molybdenum steel forgings
for high temperature service.

i1} High alloy corrosic: and heat resistant steels
Grade 07Cri3 IS : 1570-1961*

Grade 04Cr19Ni9 IS: 1570-1961*
Grade 04Cr19Ni9Ti20 IS: 1570-1961*
Grade 04Cr19Ni9NbB40 IS : 1570-1961%

. Grade 07Cr19Ni9Mo2Ti28 IS: 1570-
1961*

6. Grade 05Cr18Nil1Mo3 IS: 1570-1961*

7. Grade 05Cr18NillMo3Ti20 IS : 1570-
1961*

8. Grade 10Cr25Nil8 IS: 1570-1961*

A

Qualification in material of a higher alloygroup
also qualifies for material of a lower alloy group.

b) Non-ferrous metals — Whenever . welding of
non-ferrous metals is undertaken, the
manufacturer shall prove to the inspecting
authority that the welding is successfully

*Schedules for wrought .steels for general engincering
purposes.



undertaken by him as regards methods,
filler metals, thickness of parent metal
and equipment. For this purpose test
welds shall be made in accordance with
the limitations as agreed to between the
manufacturer and the inspecting authority.

c) Type and number of test specimens — The
type and number of test specimens that shall
be tested to qualify a procedure qualifica-
tion are given in Table 7.1 together with
the range of thickness that is qualified for
use in construction by a given thickness of
test plate or pipe used in making the
qualification. Qualification on pipe shall
qualify for plate but not vice versa. The
test specimens shall be removed in the
order shown in Fig. 7.2 to 7.6.

d) Welds between different base metals — When
joints are made between two different
types of base metal, a welding procedure
qualification shall be made for the appli-
cable combination of materials even though
procedure qualification tests have been
made for each of the two types of base
metals welded to itself.

7.1.3.2 Electrodes, filler rods, flux and shielding
gas — The specification and if there is no suitable
specification, the type and mark of electrode and
the composition of the filler rods, flux and shield-
ing gas, shall be the same for the procedure quali-
fication and production welds.

7.1.3.3 Type of joint preparation — For manual
metal arc welding process, the type of joint pre-
paration, for example, single V, double V, single
U, double U or square edge, may be changed in
production welds without the necessity of making
a new procedure qualification test, provided that
the form of the preparation is in agreement with
good practice. For semi-automatic or automatic
welding process, any important change in edge
preparation requires a new procedure qualification.

7.1.3.4 Welding techniqgue — A new procedure
qualification test shall be required:

a) if in metal arc welding with covered
electrodes a change in the type of electrode
or a change in the composition of the weld
metal, and in gas welding, a change in filler
metal type or a change in weld metal
composition is made;

b) if in arc welding a change is made from dc
source to ac or uvice versa;

c) if in arc welding of single welded butt
joints a backing strip is added or omitted;

d) if in oxy-acetylene welding of single welded
butt joints a backing strip is added;

e) if in machine welding a change is made
from multiple pass welding per side to
single pass welding per side;

f) if in submerged arc welding, a change is

made from a filler metal containing 1'75
to 225 percent manganese to filler metal
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containing less than one percent manganese
or vice versa ( the presence of 0-5 percent
molybdenum in the filler metal analysis
shall not require requalification );

g) if in submerged arc-welding, a change is
made in the nominal composition or type of
flux used or a change is made in filler metal
analysis ( requalification is not required
for the change in { ux particle size );

Note — In submerged arc-welding, where the' alloy

content of the weld metal is largely dependent upon the
composition of the flux used, any change in any part of
the welding procedure which would result in the impor-
tant alloying elements in the weld metal being outside the
specification range of chemistry given in the welding
procedure specification. If there is evidence that pro-
duction welds are not being made in accordance with
the procedure specifications, the inspector may require
that a check be made on the chemical composition of
the weld metal, Such a check shall preferably be made
on a production weld.

h) if in inert gas metal arc welding a change is
made in the composition of the gas and a
change in the electrode from one type to
another or from non-consumable electrode
to consumable electrode and wvice versa.

7.1.3.5 Welding process — The welding process
and, in the case of manual semi-automatic or
automatic welding, the type of welding device
shall be the same for the procedure qualification
test and for the production welds. When the root
pass of combination welds is made by one pro-
cess and the remaining portion of the groove by
another process, a new procedure qualification test
is required.

7.1.3.6 Preheating and delayed cooling — The
temperature of preheating, and heat treatment
immediately following welding and any control
of cooling rate, shall be the same for the procedure
qualification test and for the production welds.
However, if the preheat temperature in production
work is increased by less than 100°C this change
will not necessitate a new procedure qualification
test.

7.1.3.7 Subsequent heat treatment — The subse-
quent heat treatment shall be the same for the
welding procedure test and the production welds.

7.1.4 For metal arc welding, a procedure quali-
fication shall be valid for thickness from 0-75
to 1-5 times the thickness of the procedure quali-
fication test piece in plate or pipe. For oxy-
acetylene welding the test piece thickness shall be
the maximum thickness for which the procedure
qualifications are valid.

7.1.5 The test pieces for procedure qualification
for butt welds in plates shall be of sufficient size to
provide for the following tests:

a) One reduced-section tensile test specimen
cut transversely to the weld or as many
specimens as are necessary to investigate the
tensile strength over the whole thickness
of the joint for all plate thicknesses ( see
8.5.7).
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b) One all-weld metal tensile test specimen
when the plate thickness is between 10 and
70 mm inclusive; two test specimens, one
above the other, in case where the plate
thickness is more than 70 mm. The dimen-
sions of the all-weld metal tensile test

DISCARD THIS PIECE
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SPECIMEN FACE BEND

LONGITUDINAL
SPECIMEN
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SPECIMEN

LONGITUDINAL
SPECIMEN ROOT BEND
AP B S ARt g Rl Kogioniotioi il iyl
DISCARD THIS PIECE
)
| \, 2 J

Fic. 7.4 ORDER oF REMoOVAL OF TEST SPECIMENS
FROM WELDED TEsT PLATE

specimens shall be those shown in Fig.
7.7. The diameter d, shall be the maxi-
mum possible consistent with the cross
section of the weld ( see IS: 1608-1960* ).
The gauge length shall be equal to five times
the diameter ( sec 8.5.6 ).

¢) Two bend test specimens, one for direct and
one for reverse bending to be taken trans-
versely to the weld, and where the thick-
ness of the plate permits, one shall be above
the other:

1) When the thickness of the plate exceeds
30 mm face bend and root bend tests
may be substituted by side bend tests.
When welds are made from one side
only, one bend test may be a side bend
test but at least one shall be a normal
bend test with the root of the weld in
tension ( see 8.5.9).

2) If desired by the purchaser, the guided
bend test specimens for face, root and

*Method for tensile testing of steel products other than
sheet, strip, wire and -tube.
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side bend test for plates may be used
for austenitic chromium nickel vessels
(see 8.5.9.6). The test plates for
austenitic steel vessels should be welded
by the procedure used in the longitudi-
nal joints of the vessels and should be
heat-treated using the same tempera-
ture cycles as used for the vessels. The
operations on the test plate should be
such as to duplicate as closely as possi-
ble, the physical conditions of the
material in the vessel.

d) Three notched bar impact test specimens to |
be taken transversely to the weld ( sec 8.5.8 ).

e) One macro-test specimen ( see 8.5.11 ).

The macro-test specimens prescribed shall
also be used to make Vickers hardness tests
along the cross section of the weld and
the heat affected zone. The hardness shall
be assessed by a HV indenter of not
more than 30 kgf load ( see 7.1.5.5 ).

7.1.5.1 All-weld metal tensile tests — The tensile
strength R obtained shall be at least equal to
the specified minimum tensile strength of the
base material. The elongation 4 in percent ob-
tained shall be at least equal to that given by the
equation in the case of carbon and carbon
manganese steels:
100 — R
4= "9
R being measured in kgf/mm?2.
In addition, this elongation shall not be less
than 80 percent of the equivalent elongation given
for the base material.

7.1.5.2 The type and number of test speci-
mens that shall be tested to qualify a procedure
qualification are given in Table 7.1 together with
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TABLE 7.1 TYPE AND NUMBER OF TEST SPECIMENS AND RANGE OF THICKNESS QUALIFIED
FOR WELDING PROCEDURE QUALIFICATION FERROUS MATERIALS

[ Clauses 7.1.8.1 (c) and 7.1.5.2 ]

TRICKNESS ¢ OF RANGE OF Numser ofF TEST SPECIMENS
Tast PrATE THICKNESS - - A - - — .
IN mm Quaurmep BY Reduced  All-Weld Face Bend Root Bend Side Bend  Impact  Macro and
TesT PLATE Section Metal (502859} (35¢8.59) (se¢8.5.9) Test Hardness
" INmm Tensile Tensile ( 5¢¢8.5.8) Test
P Test Test ( see 8.5.11)
Min  Max (s5ee85.7) (see8.5.6)
Over1'5upto 075t 2¢ 1 1* 1 1 — 31t 1
and includ-
ing 10
Over 10 but 075t 2¢ 1 1 1 1 - 3 1
less than 20
20 and over 075t 2¢ 1 1 - - 2% 3t 1

*For test plates 10 mm and above [ see 7.1.5 (b) ].
tFor test plates less than 10 mm ( ses 8.5.8._1 ).

$Out of three test specimens, two specimens to contain the face side of the joint and one specimen to contain the root

side of the joint.

§Either the face and root bend or the side bend tests may be used for thickness from 10 to 20 mm.

the range of thickness that is qualified. The
order of removing test pieces from test plates is
shown in Fig. 7.8.
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*See Table 7.1
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7.1.5.3 Pipes and tubes — The test pieces Cor
procedure qualification for butt welds in pipes and
tubes shall consist of two pieces of the pipe or tube
joined by a circumferential butt weld and shall

provide for the number of test specimens given in
Table 7.2.

TABLE 7.2 NUMBER OF TEST SPECIMENS
OF TUBES OR PIPES

Prre DiaMmerer  CRoss Face Root Macro
( OuTsipe ) TensiLe  Benp BenD Etca
Test TEST Test ( see
( see ( see 8.5.11)
8.59) 8.5.9)
Up to 50 mm 1* - 2 1
Over 50 mm 2 1 3 1

*The cross tensile test picce for small tubes shall be the
welded pipe as a whole,

A separate piece of welded pipe or tube shall be
required to provide the root bend and macro-etch
test specimens in the case of small pipes or tubes.

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

The tensile test specimens shall be made in
accordance with 7.1.5 (b) except that the mini-
mum width shall be 20 mm.’

The bend test specimens shall haﬁ: the width
specified in Table 7.3.

TABLE 7.3 WIDTH OF BEND TEST SPECIMENS
IN TUBES OR PIPES

Pipe DiaMETER D THICKNESS ¢ OF
QuTsipE Pire

WIDTH oF Benp
Test Piece

Up to 50 mm t ¢+ %
D
5 =
Over 50 mm t t+ 76
with a maximum
of 40 mm




The bend test pieces shall be out with the edges
parallel as in Fig. 7.9 and shall have the corners
rounded or dressed to a radius of approximately
2 mm.

fs— W —o

FiG. 79 Curring ofF BEnp Test PiECEs

The bend test pieces shall be bent without
being straightened, but after removal of the weld
reinforcements down to the level of, but not below,
the surface, round a former of diameter 3¢ and
through an angle of 90 degree in the case of carbon
steels.

In case of alloy steels the bend angle shall be
as agreed to between the manufacturer and the
inspecting authority.

The manner in which the test specimen shall
be taken from test pieces is indicated in Fig. 7.10.

e
3

MACRO ETCH

TENSILE
FACE BEND
ROOT BEND
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150 units for steels of material group 2

200 units for stecls of material group 3
and 4

7.1.6 The test pieces for procedure qualification
are subject to radiography of the weld, if the
production weld is subjected to radiography orif
the inspecting authority considers this nccessary
( sec 8.7).

7.1.7 The results of the tests and examination
of welding proceduré qualification test piece shall
satisfy the requirements for welded production test
plates ( see 8.6 ).

7.1.8 If the results of procedure qualification
test arc in any way unsatisfactory, the welding
procedure qualification shall be completcly
repeated.

7.1.8.1 Retesting of specimens, taken out
of the same procedure test coupon, is not allowed.
However, the causes of unsatisfactory results
should be investizated.

7.1.9 A completely new welding  procedure
qualification shall be
1s a change in
under 7.1.3.

case there
variables described

necessary in
essential

Fic. 7.10 ManneER oF Taxine Test SpeciMENs FrRoM TuBes aND Pipes

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

The inspecting authority at his discretion may
call for an additional test position in case of butt
welded pipes, that is, pipe inclined at 45° to the
horizontal. Welding shall be done without rotat-
ing the pipe ( see Fig. 7.1F ).

7.1.5.5 The maximum Vickers hardness value
of the weld metal and heat affected zone shall not
exceed that of the parent metal by more than the
following values:

120 units for steels of material group 0 and 1
( See Table 6.3 )

7.1.10 Records of all tests shall be kept by the
manufacturer for a period of at least 5 years after
the inspection of pressure vessels and shall be
available for the inspecting authority for examina-
tion, wher required.  Suggested form for records
i given in Appendix H.

7.2 Welder’s Performance Qualifications

7.2.1 Where a manufacturing firm furnishes
proof, satisfactory to the customer and the
inspecting authority, that all welders assign-
ed to manual or machine welding on pressure
vessels and pressure parts have previously made
performance qualification test for the type of
work and procedurc concerned, or have also
been successfully engaged in the manufaciure of
pressure vessel for a period of six months in
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accordance with the requirements of this code then
all such welders shall be exempt from the necessity
of requalifying under these rules so long as the
welders remain in the employment of the same
manufacturer provided that all welder’s tests shall
have been carried out on testing machines having
a valid calibration certificate and the welding of
test pieces has been carried out in the presence of
inspecting authority. Where such proof is not forth-
coming, welders assigned to manual or machine
welding on pressure vessels and pressure parts shall
have successfully passed the welder’s” performance
test for the type of work and procedure concerned.

7.2.2 The required tests shall be repeated if in
the course of the previous six months the records of
the welder show unsatisfactory production work,
or if the welder has not been employed by the
same manufacturer on the same type of work for a
period of six months or more.

7.2.3 The welder’s qualification at 7.2.1 holds
only as long as the welder remains in the employ-
ment of the same manufacturer.

7.2.4 Test welds for welders performance quali-
fication shall be carried out in exactly the same
way and under the same conditions as laid down for
the welding procedure qualification, except for the
type of joint in the case of fillet welds and branch
welds ( see 7.2.6 and 7.2.10 ).

7.2.4.1 Welding operators — Each welding ope-
rator who welds on vessels constructed under the
rules of this code shall be examined as follows for
each welding procedure under which he does weld-
ing with machine-welding equipment in which
both the rate of travel and the position of the
welding head with respect to the work are control-
led mechanically, except for minor adjustments
for such factors as plate-uneveness, out-of-round-
ness, and lead-angle:

A) A 900 mm length of weld made by the
operator shall be examined by radiography
or by sectioning. The length of weld so
examined may be that of a test plate or of
production welding.

B) In order to ensure that the operator carries
out the provisions of the welding procedure,
the radiographs of the joint shall be made
in accordance with the technique prescribed
under 8.7 and shall meet the requirements
for spot radiographic examination given
in (a) or two transverse sections, taken at
approximately the third point of the weld,
shall meet the requirement: for sectioning
given in (b):

a) Requirements for spot radiographic exami-
nation

1) Welding in which the radiographs
show any type of crack or zone of
incomplete penetration  shall be
unacceptable.

2) Welds in which the radiographs show
slag inclusions or cavities shall be
unacceptable if the length of any
such imperfection is greater than

3)

2/3 t where t is the thickness of the
thinner plate welded. If several
imperfections within the  above
limitations exist in line, the welds
shall be judged acceptable if the sum
of the longest dimensions of all such
imperfections is not more than ¢ in
a length of 6¢ ( proportionately for
radiographs shorter than 6¢) and if
the longest imperfections considered
are separated by at least 3L of accept-
able weld metal, where L is the
length of the longest imperfection.
The maximum length of acceptable
imperfection shall be 20 mm. Any
such imperfections shorter than 6 mm
shall be acceptable for any plate
thickness.

Porosity shall meet the requirements
laid down under 8.7.5.3 and 8.7.5.4.

b) Requirements for sectioning

1

2)

3)

4)

When the welded joint is to be
examined bysectioning, the specimens
removed shall be such as to provide a
full cross section of the welded joint
and may be removed by trepanning
a round hole or by any equivalent
method.

The specimens shall be ground or
otherwise smoothened and then
etched by any method or solution
which will reveal the defects without
unduly exaggerating or enlarging
them ( see Appendix K ).

If the sections are oxygen-cut from the
vessel wall, the opening in the vessel
wall shall not exceed 40 mm on any
diameter or the width of the weld,
whichever is greater, as measured
after removal of all loose scale and
slag accumulation. Oxygen-cut
specimens shall be sawn across the
weld to obtain a plane surface which
will expose the full width of the weld
on the cut surface.

Sections removed from the welded
joint shall not show any types of
cracks or zones of incomplete fusion
or inadequate joint penetration. Gas
pockets and slag inclusions shall be
permissible only:

i) when the width of any single slag
inclusion between layers of
weld metal substantially parallel
to the plate surface is not greater
than one-half of the width of the
sound weld metal where the slag
inclusion is located;

ii) when the total thickness of all of
the slag inclusion in any plane at
approximately right angles to the
plate surface is not greater than
10 percent of the thickness of the
thinner plate; and



iii) when there are gas pockets that
do not exceed 2 mm in greatest
dimension and when there are
not more than six gas pockets of
this maximum size per 650 mm?
of the weld metal or when the
combined areas of a greater num-
ber of pockets do not exceed 13
mm? per 650 mm? of weld metal.

5) The segments or plugs after removal
shall be properly stamped or tagged
for identification and, after etching,
kept in proper containers, with a
record of their place of removal as
well as of the welding operator who
performed the welding.

C) If the weld does not meet the requirements
set forth in 7.2.4.1 (B) second and subse-
quent joints, welded by the operator using
the machine welding procedure, shall be
examined by the same method until the
operator demonstrates that he is capable of
producing acceptable welds. ( Production
welds so examined shall be unacceptable if
they do not meet the minimum require-
ments of this code. )

The results of the radiographic or sectioning
examination shall be recorded and the
radiographs or sectioned specimens may
be retained or be discarded by the
manufacturer.

D)

Welds requiring a combination of processes may
be_performed by one or more welders or welding
operators. Each, however, may do only that por-
tion of the weld for which he has been qualified.

7.2.5 For welder’s performance qualification,
test welds of the butt welded types in plates shall
have length of at least 300 mm and not less than
five times the plate thickness to provide necessary
test pieces. These test welds shall be submitted
for visual and radiographic examination
( se¢ 8.7 ) and to macro-etching of a cross section
of the weld.

7.2.5.1 The types and number of test speci-
mens that shall be tested to qualify welders’
performance qualification are given in Table 7.4.

7.2.5.2 In case of oxy-acetylene welds and
welds deposited from. one side only, as many root
bend tests shall be made in addition as the size of
the test coupon permits. The root bend test spe-
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cimens shall conform to those required for testing
of welded production test plates ( see 8.5.9 ):

a) Test welds of the butt welded type for wel-
der’s performance qualification on pipes
or tubes, shall be tested by means of bend
test pieces of the number, width and condi-

tions of bending, exactly in accordance with
7.1.5.3.

The range of thickness qualified by test
butt welds on pipes or tubes shall be as
given below:
Thickness of Pipe, t,
as Welded, in mm

b)

Range of Thickness
Qualified, in mm

© Min Max*
Up to 10 15 2t
Over 10 but less than 20 5 2¢
20 and over 5 15¢
7.2.6 Test welds for welder’s performance

qualification in fillet welds shall be carried out to
check the size, contour and degree of soundness of
the fillet welds. The test welds shall be broken
and the appearance of the rupture, as well as a
macro-etching of a cross section of the weld,
examined.

7.2.6.1 The test fillet welds shall be made in
the following basic position. The limits of angular
variation of the planes during welding shall be
as given in IS : 815-19661%.
a) Flat position — Plates so placed that the weld
is deposited with its axis horizontal and its
throa. vertical (see Fig. 7.11A).

b) Horizontal position — Plates so placed that
the weld is deposited with its axis horizontal
on the upper side of the horizontal surface
and against the vertical surface (see Fig.
7.11B).

c) Vertical position — Plates so placed that the
weld is deposited with its axis vertical ( see
Fig. 7.11C).

d) Overhead position — Plates so placed that the

weld is deposited with its axis horizontal on
the underside of the horizontal surface and
against the vertical surface ( see Fig. 7.11D ).

*For gas welding the maximum range of thickness quali-
fied shall be limited to 1:25 times the test plate thickness.

tClassification and coding of covered electrodes for metal
arc welding of mild steel and low alloy high tensile steel
(revised ).

TABLE 7.4 TYPES AND NUMBER OF TEST SPECIMENS AND RANGE OF THICKNESS
QUALIFIED ( WELDER’S PERFORMANCE QUALIFICATION)

Tyee oF JoINt  Tuickness oF Test  RANGE or THICKNEsS Numser oF TEST SPRCIMENS
PLATE Quavrimep BY TesT — A -
¢, mm PLATE Root Bend Face Bend Nick Break
p Al - ( see 8.5.9) ( sec 8.5.9) (see 8.5.10)
Min Max
Butt weld t up to 10 3 2¢ 1
t over 10 but less 5 2¢ } 1 ) ‘
than 20
¢ 20 and over 5 1-5¢
Fillet weld 7 All thickness — — _
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7.2.6.2 Qualification in the horizontal, verti-
cal or overhead positions shall qualify also for the
flat position.

THROAT OF. WELD
VERTICAL

3
-AXIS OF WELD
HORIZONTAL

7.11B Horizontal Position
of Test Tee Fillet

7.11A Flat Position of
Test Tee for Fillet

Weld Weld
~—AKS OF WELD s AX'S QF WELD
VERTICAL HORIZONTAL

7.11D Overhead Position
of Test Tee for
Fillet Weld

7.11C Vertical Position
of Test Tee for
Fillet Weld

Fic. 7.11 Positions oF Trst PLATES FOR
WELDER PERFORMANCE QUALIFICATION
or FiLLEr WELDS

7.2.6.3 The welds shall satisfy the following
test. The dimensions and preparation of fillet
weld test specimen shall be as shown in Fig. 7.12.
The test specimen shall not contain any visible
cracks. The test piece shall be cut transversely
to provide a centre section of 25 cm length:

a) Fracture test — The stem of the 25-cm centre
section shall be loaded laterally in such a
way that the root of the weld is in tension.
The load shall be steadily increased until
the specimen fractures or bends flat upon
itself. In order to pass the test:

i) the specimen shall not fracture; or

ii) if it fractures, the fractured surfaces
shall show no evidence of cracks or
incomplete root fusion, and the sum of
the lengths of inclusions and gas pockets
visible on the .fractured surface shall
not exceed 50 mm in length.

b) AMacro-examination — The cut end of one of
the end sections shall be smoothened and
ctched with a suitable etching agents*
to give a clear definition of the structure of
the weld. In order to pass the test:

i) visual examination of the cross section

#Suitable etching agents are given in Appendix K,
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of the weld shall show complete fusion
at the root and freedom from cracks; .

ii) the weld shall not have a concavity or
convexity greater than 1'5 mm; and

iii) there shall be not more than 1-5 mm
difference in the lengths of the legs
of the fillet.

7.2.6.4 The test for welder’s performance
qualification in branch welds shall be carried out
to conform to one of the following methods:

a) The weld shall be made on an assembly
conforming to one of the types adopted by
the manufacturer in his construction.
The test specimen shall be approximately
200 mm in diameter and 20 mm thick for
the branch and approximately 20 mm
thick for the plate. This test would qualify
the welder for branches of this same general
design of connection.

b) A weld shall be made on a test plate of the
dimensions shown in Fig. 7.13 and shall be
accepted for qualifying a welder to make
set-in branch welds.

A weld on a test piece of the dimensions
shown in Fig. 7.13B will qualify a welder
for welding set-on branches.

c) A weld shall be made between two branch
pipes as shown in Fig. 7.13C. The size of
main pipe shall not be less than 127 mm
outside diameter and 10 mm thick and the
outside diameter of branch pipe shall not be
less than 89 mm .on outside diameter
and 6 mm thick. The test joint shall be
welded using the type of welding groove
specified in the welding procedure
specification,

For welds made in accordance with (a)
the test pieces shall be submitted to a visual
examination and a macrographic examina-
tion on transverse section, and for welds
made in accordance with (b) a radiographic
examination (see 8.7). The macrogra-
phic examination shall include, for welds
made in accordance with (a), four macro-
graphs on sections taken at right angles;
and for welds made in accordance with
(b) two macrographs from each test piece
taken as shown in Fig. 7.13A and 7.13B
and for welds made in accordance with
(c) four macrographs as shown in Fig. 7.13C,

7.2.7 All test welds for welder’s performance
qualification shall be carried out with equivalent
electrodes, filler rods, flux and shielding gas, as
used for the procedure qualification and the
production welding concerned.

7.2.8 The appearance of the test welds, the
macrographs, and the radiographs of these test
welds where required, shall conform to the require-
ments for. acceptance of the production welds,
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7.2.8.1 Retests — A welder who fails to meet

the requirements for one or more of the test speci-

" mens prescribed in Table 7.4 may be tested under
- the following conditions:

a) When an immediate retest is made, the
welder shall make two test welds of each
type for each position on which he has
failed, all of which shall pass the test
requirements.

b) When the welder has had further training
or practice, a complete retest shall be made
for each position on which he failed to meet
the requirements.

7.2.9 Requalification of welder’s performance
will have to take place in case of requalification
of the welding procedure due to a substantial
change in essential variables as listed in 7.1.3.

7.2.9.1 Essential variables — A welder shall be
requalified whenever one or more of the changes
listed below are made in the performance
specification:
a) The addition of other welding positions than
those already qualified under 7.2.6.1.

b) The omission of backing strip in metal-arc
welding single welded butt joints.

c¢) The addition of backing strip in gas
welding.

d) A change from one welding process to any
other welding process or a combination of
welding processes.

€¢) Where a combination of welding processes
is required to make a weldment, each wel-
der or welding operator shall be qualified
for the particular welding process he is
required to perform in production welding.

f) A change from any non-consumable process
to any consumable-electrode process or
vice versa.

g) Where combination welds are used, the

IS : 2825 - 1969

welder or welding operator who is to make
the root pass shall be tested only by means
of a minimum of two root bends instead
of the face bends and side bends listed in
Table 7.4.

h) In any welding process, the omission or
addition of consumable backing rings or
strip.

j) The omission of inert gas backing.

7.2.10 A welder having carried out a welding
procedure qualification with good results will also
be qualified for welder’s competence in the pro-
cedure concerned, except in the case of branch
welds.

7.2.10.1 Welder who passes the tests for butt
welds shall also be qualified to make fillet welds
in all thicknesses. Welder who passes the tests
for fillet welds shall be qualified to make filiet
welds only.

7.2.10.2 Renewal of qualification — Renewal of
qualification of a performance qualification is
required (a) when a welder or welding operator
has not used the specific process, that is, metal are,
gas, submerged arc, etc, to weld either ferrous or
non-ferrous materials for a period of six months
or more, or (b) when there is a specific reason to
question his ability to make welds that meet the
specification. Renewal of qualification under
(a) need be made in only a single test-plate
thickness.

7.2.11 Records of all tests shall be kept by the
manufacturer and shall be available for the inspect-
ing authority for examination whenever required.
Suggested form for the records is given in Appendix

7.2.11.1 Each qualified welder and welding
operator shall be assigned one identifying number,
letter or symbol by the manufacturer which shall be
used to identify the work of that welder or welding
operator.
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8. INSPECTION AND TESTS

made at the
the

8.1 General — Inspection shall be

various stages of construction depending on the

classification of the vessel ( see Table 1.1 ). The
manufacturer shall keep the purchaser and/or
the inspecting authority informed of the progress
of the work and shall notify the inspector reason-

ably in advance when the vessel has reached the

required stage for inspection,

4

8.2 Inspection During Manufacture — All
materials to be used for pressure parts of vessels
shall be inspected before fabrication for the purpose
of detecting defects which may affect the safety
of the vessel.

8.2.1 Special attention shall be paid to the cut
edges and other parts of rolled material which
may disclose the existence of serious lamina-
tions, shearing cracks and other objectionable

Jh PV PN

QCICLLD.

8.2.1.1 Defects shall not be repaired unless ins-
pected and approved by the mspectmg authority,
Material which, in the inspecting authority’s
epinion, cannot hf‘ satisfactorily repaired shall be

deemed not to comply with the requn‘cments of
this code.

8.2.2 [dentification of Materials — The inspector
shall ensure that all material before use is
properly identified as complying with the code
reqmrements. Mlll certificates or other test
certificates to the satisfaciion of the inspecting
authority shall be produced to identify the material,
The manufacturer’s identification marks should
not be obliterated during manufacture. Where
necessary the marks shall be transferred in the
presence of the inspector. Steel plate less than
7 mm thick or non-ferrous plate less than 12 mm
thick shall not he deep die stamped and the
depth of stamping shall not exceed 0'5 mm.

Tha inenantar chall witnece tha mark_
1 n¢ INSpEeCcior snail wilness ine marx

ing of, and place his own stamp on portions of the
parent plate intended to be used as test plates for
seams. The mark should be so located that it will
not be cut out or obliterated during fabrication.

22921

Woinabuon

8.2.3 Inspection During Fabrication

8.2.3.1 The inspector shail make mspe(‘txons

of each vessel at such stages of fabrication as he
deems necessary to assure himself that the fabrica-

tion is according to code requirements.

0 P PO . Sy PR |
0-‘.‘7-‘ ,LllC CUSCD U.l puu.ca, UECIHLIED alliy

fittings exposed during manufacture shall be
examined for defects.

8.2.3.3 Before assembly, all shell sections,

ends nng« etc, shall be examined for conformity

Caalas,y

to prescribed shape and checked for thxckncs';
and dimensions.

8.2.3.4 The component parts of the vessel
shall be assembled and checked for alignment of

18 2825 - 1969
matching edges. Special attention shall be paid to
assembly of branches and to their reinforcement.

8.2.3.5 When conditions permit entry into
the vessel, as complete an examination as possible
shall be made before the final closure.

8.2.4 Heat Treatment Check— The inspector shall
satlsfy himself that stress-rehevmg prpcedure or
0[ncr ncat (rcatment, as may DC HCCCSSa.ry, nas Dccn
correctly carried out,

8.3 Inspection

of Completed Pressure
Vessels

8.3.1 Visual Inspection — During the final ins-
pection of the whole vessel the surfaces of the
welds are to be inspected visually and judged as
stated under 6.7.15.

If irregularities are found, rectification shall be
carried out ( see 6.9 ).

8.3.1.1 Records of manufacturing details,
inspection and tests shall be kept by the manufac-
turer and shall be available for the inspecting
authority for examination, whenever required.
Manufacturer shall furnish a certificate of manu-

facture and production tests when requested in
the form given in Appendix M.

8.3.2 Radiographic Examination — Radiographic
examination of welded joints shall be carried out
in the instances where required following the rules
specified under 8.7. Where so required by the

inspecting authority the results of the radiographic

examination shall be made available to him at
the manufacturer’s works.

8.3.2.1 All austenitic chromium nickel alloy
steel welds in vessels whose shell thickness exceeds
20 mm, shall be examined for cracks by a
suitable fluid penetration method.

8.4 Pressure Tests

8.4.1 The finished vessel shall, in the presence
of the inspecting authority, pass satlsfactorlly such
of the f'n"owlng pressure tests as may ann]v

a) Standard hydrostatic test — for sxmplc vessels
where thickness of all pressure parts can
be calculated.

b) Proof hydrostatic tests — for complex vessels
the thickness of which cannot be computed
with a satisfactory assurance of accuracy
and for which the maximum working pres-
sure has to be based upon the distortion
pressure.

c) Pneumatic tests — for vessels so designed and/
or, supported that they cannot be .safely
filled with the testing liquid or for- vessels
that are to be used in services where even

all 4 ~AF tlea i 13
simaii traces of tne Lcouus ﬁquﬂd cannot be

tolerated.

reccele 1 mm il o .... atoala

. 8.4.2 Pressure vessels in' mild or low- Oy Siccis
designed for internal pressure, shall bc suchctcd
to a hydraulic test pressure, which at every point
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in the vessel is at least equal to 1:3 times the design
pressure to be marked on the vessel multiplied by
the lowest ratio of the allowable stress value f; of
the material of construction at the test temperature
to the allowable stress value f, at the design
temperature.

Test pressure in kgfjcm? = 13 X design
/1 at test temperature

Jf; at design temperature

~ 8.4.2.1 The test pressure specified in 8.4.2
includes the amount of any static head acting at the
point under consideration. If the weakest part of
the vessel is not located at the lowest point of the
- vessel, it may be necessary to give special considera-
tion to the effect of such additional static head due
to the test liquid.

pressure X

8.4.2.2 Vessels consisting of more than one

independent pressure chamber operating at the

same or differen't pressures and temperatures shall

be so rested that each pressure chamber ( vessel )

receives the required hydraulic test with pressure
in the others.

Note — It is important in the interest of safcty that

the vessel be properly vented so as to prevent formation

of air pockets before the test pressure is applied. It is

recommended that during the test the temperature of
the water should not be below 15°C.

A hydraulic test based on a calculated pressure
may bé used by agreement between the purchaser
and the manufacturer.

The vessel shall be maintained at the specified
test pressure for a sufficient length of time ta pgrmit
a thorough examination to be made of all.seams
and joints but in no case less than 10 minutes.
Whilst under pressure, the vessel to be well ham-
mered on both sides of and close to the welded
seams. Hammer test is not required for vessels
fabricated from materials which will be delete-
riously affected by hammering and where the
longitudinal and circumferential seams have been
radiographed.

Single wall vessels and chambers of multi-
chamber vessels designed for vacuum or partial
vacuum only shall be subject to an internal hydrau-
lic test pressure not less than 13 times the difference
between normal atmospheric pressure and the
minimum design internal absolute pressure, but
in no case less than 1-5 kgffcm? In case of
jacketed vessels when the inner vessel is designed
to operate at atmospheric pressure or under
vacuum conditions, the test pressure need only
be applied to the jacket space [ see also 3.12.1(c) ].

8.4.3 Pneumatic Tests

8.4.3.1 Pressure testing with air or gas may
be carried out in lieu of the standard hydraulic
test in the following cases:

a) Vessels that are so designed, constructed or
supported that they cannot safely be filled
with water or liquid;

b) Vessels that are to be used in services where
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even small traces of water cannot be
tolerated.

Such pneumatic pressure test shall be carried
out under close supervision by the inspecting
authority. Adequate precautions, such as blast
walls or pits and means for remote observation
are essential.

8.4.3.2 The pneumatic test pressure shall
not be less than the design pressure but need not
exceed test pressure in a hydraulic test.

8.4.3.3 Procedure — The pressure shall gradu-
ally be increased to not more than 50 percent
of the test pressure. Thereafter the pressure shall
be increased in steps of approximately 10 percent
of the test pressure till the required test pressure
is reached. Then the pressure shall be reduced
to the value of the equivalent design pressure and
held at the pressure for a sufficient time to permit
inspection of the vessel.

8.4.4 Combined Hydrostatic Pneumatic Test

8.4.4.1 In some cases it may be desirable to
pneumatically test a vessel partially filled with
liquid. In such cases a pneumatic test may be
applied to the space above the liquid level, the
pneumatic test pressure being as required in 8.4.3.2
less the pressure due to the static head of the
liquid contained.

8.4.4.2 When pressure testing small, mass-
produced pressure vessels, the length of time for
which the test pressure is to be maintained
may be reduced upon agreement with the
inspecting authority in each individual case.

8.5 Mechanical Tests of Fusion Welded
Seams — Production Test Plates

8.5.0 Fusion welded seams shall satisfy the
following mechanical tests.

F

8.5.1 Vessels subjected to severe duty or
with a weld joint efficiency factor J = 0:9 to 1-0
shall be provided with two test plates to represent
the welding of all the longitudinal seams of the
first six shells or part thereof. Vessels with more
than six shells shall have a test plate for every
third additional shell or part thereof, No test
plate need be provided for circumferential seams
except in cases where a pressure vessel has circum.
ferential seams only or if the welding process
procedure and technique is different in which
case two test plates are to be provided, each
having a joint as far as possible a duplication of
the circumferential seam.

8.5.1.1 Test plates shall be attached at one
end of the longitudinal seam in such a manner that
the edges to be welded are a continuation and
duplication of the corresponding edges of the seam.
Welding shall be effected in one reasonably con-
tinuous operation by the same process and the
operator or operators. Location of test plates
shall be as agreed to between the inspecting
authority and the manufacturer.



8.5.1.2 Test plates shall be of a size sufficient
for the preparation of all the production test speci-
mens indicated in 8.5.1.3 and should include pro-
vision for retests, if any tests fail. Recommended
layout of test pieces is shown in Fig. 8.1.
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welding of entire longitudinal seams of the vessel.
No test plate need be provided for circumferential
seams in the same vessel provided the welding
procedure is the same for longitudinal and circum-
ferential seams.
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Fic. 8.1 Lavoutr or Test PLATES FOR SEVERE DuTry VEsseLs orR VESSELS
witH J = 09 To 1:00

8.5.1.3 Weld test plates shall make provision
for the following:

a) One all-weld metal tensile test ( see 8.5.6 ).

b) One reduced section tensile test specimen
cut transversely to the weld, or as many
specimens as are necessary to investigate
the tensile strength over the whole thickness
of the joint ( see 8.5.7).

¢) Two bend test specimens, one for direct and
one for reverse bending, to be taken trans-
versely to the weld, and where the thick-
ness of the plate permits, one shall be above
the other.

When the thickness of the plate exceeds
30 mm, face bend and root bend tests may
be substituted by side bend tests. When
welds are made from one side only, one
bend test may be a side bend test but at
least one shall be a normal bend test with
the root of the weld in tension ( see 8.5.9 ).

d) Three notched bar impact test specimens,
to be taken transversely to the weld as near
as possible to the face side of the last pass
of the weld on outer and inner plate surface
(sec 8.5.8).

¢) One macro test specimen ( see 8.5.11 ).
8.5.2 Vessels subjected to medium duty or with

a weld joint efficiency factor J = 0-8 to 0-85 shall
be provided with two test plates to represent all the

8.5.2.1 Test plates shall be prepared as
in 8.5.1.2. The layout of test specimens is suggest-
ed in Fig. 8.2,

8.5.2.2 Test plates shall make provision for
<he following:

a) One reduced section tensile test specimen cut
transversely to the weld, or as many speci-
mens as are necessary to investigate the
tensile strength over the whole thickness of
the joint ( se¢ 8.5.7 ).

b) Two bend test specimens, one for direct and
one for reverse bending to be taken trans-
versely to the weld, and where the thickness
of the plate permits, one shall be above the
other. Where the plate thickness exceeds
30 mm, face bend and root bend tests may
be substituted by side bend tests. When
welds are made from one side only, one
bend test may be a side bend test but at
least one shall be a normal bend test with
the root of the weld in tension ( sez 8.5.9 ).

c) One nick break test specimen shall be cut
transversely to the welded seam. It shall be
the full thickness of the plate ( see 8.5.10).

8.5.3 All conditions for the actual work piece
and test plate shall be similar.

8.5.3.1 The material of the welded production
test plate shall be of the same specification and the
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same nominal thickness as that of the work piece,
and may be taken from any part of one or more
plates of the same lot of material that is used in
the fabrication of the welded vessel.

8.5.4 The test plates shall be supported or rein-
forced during welding in order to prevent undue
warping and distortion during welding ( see

8.5.4.1 Ifit is desired to straighten test plates
which have warped during welding, they may be
straightened at a temperature below the tempera-
ture of heat treatment of the shell to which they
belong. Straightening shall take place before
final heat treatment. The test plates shall be
subjected to the same heat treatment as required

Fig. 8.3 ). for the work piece they belong to.”
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1. Transverse Tensile Test Piece ( Welded Joint )

#2. Bend Test Specimen — Face

*3, Bend Test Specimen — Root
4. Nick Bieak Specimen

*Sce Table 7.1 and Clause 7.1.5(c).

Fic. 8.2 Lavour oF Test PLATES FOR MsebiuM DuTy Vessers oR VESSELS
witd J = 08 To 0-85
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The test plates are to be suitably supported and reinforced to prevent distortion during

welding. The test plates are to be tack-welded to the shell,
Fic. 8.3 MeTHOD OF SUPPORTING TEST PLATES
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8.5.5 The welds in production test plates may
be subjected to radiography ( see 8.7 ).

8.5.5.1 If any defects in the welds of a test
plate are revealed by the radiographic examination,
their position shall be clearly marked on the plate
and test specimens shall be selected from such
other parts of the test plate as may be agreed
upon between the manufacturer and the inspecting
authority.

8.5.6 One all-weld metal tensile test specimen
when the plate thickness is between 10 and 70 mm
inclusive; two test specimens, one above the other,
in case where the plate thickness is more than
70 mm. The dimensions of the all-weld metal
tensile test specimens shall be those shown in
Fig. 7.7. The diameter d, shall be the maximum
possible consistent with the cross section of the
weld (see 1S:1608-1960* ). The gauge length
shall be equal to five times the diameter.

8.5.6.1 The result of the test shall meet the
requirements given in 8.6.6.

8.5.7 The dimensions of the reduced-section
tensile test specimen shall be those shown in Fig.
8.4A . The width of the reduced section shall be
equal to thickness of the plate or 25 mm minimum.
The thickness of the specimen shall be equal to
the plate thickness and the plate surfaces of the
specimen shall be machined to take away the
surface irregularities of the plate and the weld.
The shape and dimensions of the specimen shall
be in accordance with Fig. 8.4 and Table 8.1.
If the plate thickness exceeds 30 mm, the tensile
test may be effected 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 piece in such a way that the tensile
test covers the whole thickness of the welded joint,
as shown in Fig. 8.4 ( see also IS : 1608-1960* ).

TABLE 8.1 DIMENSIONS OF REDUCED SECTION

TENSILE TEST SPECIMEN

WipTH GAUGE* Minmqum  MINIMUM  APPROXI-
b40°25 mm LENGTH PARALLEL RADIUS AT MATE
G LenetH SuHouLbER  TotaL
mm P R LENGTH
mm mm L
mm
Plate thick- 50 60 50 200
ness with 100 125 50 300
minimum 200 250 50 375
25 mm

*G, Min= W+ 12 mm.

8.5.7.1 The result of every test specimen
concerned shall meet the requirements mentioned
under 8.6.1.

8.5.8 Impact Test Specimens — 1'he notched bar
impact test specimens are to be one of the two

*Method for tensile testing of steel products other
than sheet, strip, wire and tube.
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types and dimensions shown in Fig. 8.5 and
Fig. 8.6. The notch is to be contained in the weld
metal at approximately the axis of the weld and
the axis of the notch is to be perpendicular to the
surface of the plate (see IS:1757-1961* ). The
notches should be located according to orientation
‘A’ and ‘B’ of Fig. 8.6A and 8.6B, as agreed to
between the purchaser and the manufacturer.
Orientation ‘A’ shown in Fig. 8.6A is suitable for
use with.10 mm square and sub-standard size speci-
mens. Orientation ‘B’ is suitable for use with 10 mm
square specimens only. In the case of vessels for
low temperature operation, impact test specimen
shall also be taken from the heat affected zone.

8.5.8.1 In case of plate thickness less than
10 mm, a test specimen similar to that shown in
Fig. 8.6A shall be used except that the

THIS SECTION 1O
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- |
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rTz30mm MAX W
[
(A)
THICKNESS OF WELDED JOINT AND PLATE
TY, B
E // 25mm MN
2O L-0mmmun
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i 7 : | —-1 l-G mm
—= I—s mm
(B)
Fic. 8.4 Repucep-SecTioN TENsSILE TEsT
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1
.L._— \0 ......
5 1ROOT RADWS | |
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(A) Standard U-Notch Test Piece

187/ —

| K 0+25 ROOT 10

| RADWS
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(B) V-Notch Test Piece
All dimensions in millimetres.
Fic. 8.5 ImpacT TEST SPECIMENS

*Method for beam impact-test ( V-notch ) on steel.
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dimensions along the axis of the notch shall be
reduced to the largest possible of 7:5 mm, 5 mm or
2:5 mm.

8.5.8.2 The tests shall be carried out at a
temperature within 42°C of the lowest design
metal temperature with a maximum of 50°C.

In the case of the V-notch specimens, the
machining of the bottom of the notch shall be
done very carefully.

The choice between U-notch and V-notch
specimens shall be agreed to between the manufac-
turer and the inspecting authority. Once the choice
is made, it is not allowed to change the type of
specimens, even when the test results prove to
be unsatisfactory.

8.5.8.3 The result of every test shall meet
the requirements mentioned under 8.6.2.

8.5.9 Bend Test Specimens

8.5.9.1 The face and root bend test specimens
shall be rectangular in section so as to have a
width equal to 1} times the thickness of the
_specimen subject to a minimum width of 30 mm,
The surfaces of the specimen shall be machined
or dressed just to remove the surface irregulari-
ties of the plate -and weld. The corners of the
specimens shall be rounded to a radius not ex-
ceeding 10 percent of the thickness of the
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specimen. The length of the specimen shall be
such that it satisfies the test requirements.

8.5.9.2 Where the plate thickness does not
exceed 30 mm, the thickness of the face and root
bend specimens shall be equal to the thickness
of the test plate.

8.5.9.3 Where the plate thickness exceeds
30 mm either the face and root bend specimen is
maintained at 30 mm or two or more specimens
of uniform thickness over their entire length may
be cut to represent the full thickness of the joint
provided the specimen thickness is not less than
15 mm and not greater than 30 mm ( see
Fig. 8.7A, B and C).

8.5.9.4 The width of the side bend test speci-
men b ( see Fig. 8.7D ) shall be the full thickness
of the plate at the weld and the surfaces of the
specimen shall be machined or dressed just to
remove the surface irregularities of the plate and
weld. When the plate thickness is over 40 mm,
two or more specimens of equal width may be
cut from across the plate thickness provided the
specimens’ width is not less than 20 mm and not
greater than 40 mm. The length of the specimen
shall be such that it satisfies the test requirements,

8.5.9.5 Bend test specimens shall be mounted
on roller supports ( see Fig. 8.7C and E) and shall
be pushed through the support with a formet.
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If the test piece has been reduced in thickness as
permitted in 8.5.9.3, the machined surface shall
be in compression. The side of the specimen
turned towards the gap between the supports shall
be the face for face bend specimens, the root for
root bend specimens and the side with the greater
defects, if any, for side bend specimens. The
distance between roller supports and diameter of
the former shall be as given in Table 8.2, The test
specimen shall be bent through an angle of 180°.
The tests shall be conducted in accordance with
IS : 1599-1960*.

8.5.9.6 In the case of austenitic chromiums-
nickel steel vessels, the specimen shall be ground
and polished and immersed for not less than
72 hours in a boiling solution consisting of 47 ml
concentrated sulphuric acid and 13 g of crys-
talline copper sulphate ( CuSO,, 5H,O ) per litre
of water. The specimen shall then be bent as
laid down under 8.6.3.1.

8.5.9.7 The result of every test specimen
concerned has to meet the applicable requirements
mentioned under 8.6.3 or 8.6.3.1.

*Method for bend test for steel products other than sheet,
strip, wire and tube.

TABLE 8.2 DIAMETER OF FORMER AND
DISTANCE BETWEEN SUPPORTS

(Clause 8.5.9.5)

TENSILE STRENGTH DIAMETER OF FREE SpAce
or PraTe ForMER BeTWEEN

D SUPPORTS AT

THE END oF

Tust, Max
Below 44 kgf/mm? 2¢ 42¢
From 44 to 54 kgf/mm? 3¢ 21
Above 54 kgf/mm? ¥ 62¢

¢ = the thickness of the plate.

8.5.10 The nick break test specimen shall be of
rectangular section as shown in Fig., 8.8. Where
the plate thickness does not exceed 30 mm, the
thickness of the specimen shall be equal to the full
thickness of the plate. Where the plate thickness
exceeds 30 mm, the specimen shall in-all cases
have a thickness of at least 30 mm.

8.5.10.1 The nick break test piece shall be
suitably supported so that the notch is at the centre
of fusion surface of the test specimen and shall
be broken by means of a former or by a blow or
blows,
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8.5.10.2 The result of every test specimen
shall meet the requirements mentioned under 8.6.4.

8.5.11 Macro Test Specimen — The specimen shall
be the full thickness of the plate at the weld joint
and the excess weld metal and penetration bead
shall be left intact. The shape and dimensions
of the specimen shall be in accordance with
Fig. 8.9. The specimen shall be prepared, polished
and etched using an approved method ( see Appen-

dix K ). Material cut from this specimen may be
used for micro examination, where necessary.

8.5.11.1 The result of the test shall meet the
requirement of 8.6.5.

8.6 Requirements for Test Results of Welded
Production Test Plates

8.6.1 Reduced-Section Tensile Tests ~— The tensile
strength obtained shall be at least equal to the
specified minimum tensile strength of the base
material.

8.6.2 The minimum average results to be
obtained from the impact test pieces shown in
Fig. 8.9 A and B shall be as follows:

U-notch specimen 55 kgf m/cm?
V-notch specimen 35 kgf m/cm?

Note — The values are equivalent to 28 kgfm fora

10 x 10 mm test piece.

8.6.3 Bend Test — On completion of the test,
the specimen shall have no cracks or other open
defects exceeding 3 mm measured in any direction
on the convex surface of the specimen. Premature
failure at the corners of the specimen shall not be
considered as a cause for rejection unless there
is definite evidence that they result from slag
inclusions or other internal defects.

8.6.3.1 The specimens of austenitic chro-
mium-nickel steel plates when bent through the jig
for guided-bend test ( see Fig. 8.10 ) to produce an
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elongation of not less than 20 percent at the section
in the base metal 6 mm from the edge of the weld,
shall show no sign of disintegration after bending.

8.6.4 Nick Break Testi — The fracture on in-
spection shall show complete penetration through-
out the entire thickness of the plate, absence of
oxide or slag inclusions and (reedom from
excessive porosity.

8.6.5 Macro Test — The  macro-étching of
a complete cross section of the weld shall
show a good penetration and absence of lack of
fusion, significant inclusions and other defects.
In case of doubt, the doubtful zone shall be investi-
gated by micro-etching.

8.6.6 All-Weld Metal tensile Test — The tensile
strength R obtained shall be at least equal to the
fﬁeciﬁed minimum tensile strength of the base

aterial. The elongation A4 in percent obtained
shall be at least equal to that given by the follow-
ing equation, in the case of carbon and carbon
manganese steels:

100 — R
A=—35
R being measured in kgffmm?.

In addition, this elongation shall not be less
than 80 percent of the equivalent elongation given
for the base material.

8.6.7 Radiographs — The radiographs shall con-
form to the provisions in 8.7.

8.6.8 If the results of a test on welded produc-
tion test plates are unsatisfactory, the causes shall
be investigated making use in particular of the
results of new tests. If the unsatisfactory results
of the original tests are proved to have been caused
by local or accidental defects, the results of the
retests shall be decisive.

8.6.8.1 Retests — Should any of the test
pieces fail to meet the specified requirements; re-

tests shall be allowed for each test piece that fails,

as follows:

a) Tensile tests — Where any result of the ten-
sile tests is not less than 95 percent of the
specified value one retest shall be made.
Where the result falls below 95 percent,
two retests shall be made.

b) Bend tests — Where a bend or nick break
test piece fails to meet the specified require-
ments, two retests shall be made.

c) Noiched bar impact tests — If a notched bar
test fails to meet the specified requirements,
two retests shall be made, on test pieces
taken from the test plate, one on each side
of the original specimen and separated
{from it by not more than 5 mm.

8.6.8.2 Should any of the retests fail to meet
thc specified requirements, the welded seams
represented by these tests shall be deemed not to
comply with this standard.

IS : 2825 - 1969
8.7 Non-destructive Examination and
Repairs of Welded Seams

8.7.0 For general guidance in radiographic
technique, reference may be made to IS:2595-
1963*.

8.7.1 Radiography A — It covers the radiogra-
phic examination of all longitudinal and cir-
cumferential butt welds in drums, shells and
headers throughout their whole length including
points of intersection with other joints.

8.7.1.1 For circumferential butt welds in
extruded connections, pipes, tubes, headers and
other tubular parts:

a) no radiographic examination is required
where the thickness does not exceed 6 mm;

b) no 1adiographic examination is required
where the thickness is greater than 6 mm
but does not exceed 12 mm and the outside
diameter does not exceed 102 mm;

c) in constructions where the thickness and
outside diameter are greater than those
specified in (a) and (b) above, but do not
exceed 20 mm or 170 mm respectively,
five welds selected at random from each
welder’s work, but with a maximum of
5 percent of the total length of welds, shall
be radiographically examined; and

d

~

for constructions exceeding the limits speci-
fied in (c) above, all the welded joints shall
be radiographically examined. Figure 8.11
clarifies graphically the requirements as

formulated under (a), (b), (c) and (d).

|— RADIOGRAPHY B —
102
> /
o
<

OUTSIDE DIA IN mm

NN

RaplograpPHic EXAMINATION

12 19
THICKNESS IN mm

Fic. 8.11

8.7.1.2 Butt welds in furnaces, combustion
chambers and other pressure parts under external
pressure, are subject to check radiographic exam-
mation. Butt welds in fully supported end plates
are not subject to radiographic examination.

*Code of practice for radiographic testing.
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8.7.2 Radiography B — Spot or check radiogra-
phic examination of the welded joints in question,
comprising at least 10 percent of their whole length.
The individual radiographs should not be shorter
than 25 cm unless this is necessitated by the shape
of the joints, the radiographic examination shall
in all cases comprise all points of intersection with
other joints, unless these points have already been
examined by the radiographic examination of the
other joints. At least one radiograph for the work
of each welder or welding operator used in the
fabrication of the vessel is necessary.

8.7.2.1 If the results of the examination of
check radiographs of the selected welds are not
satisfactory, the cause shall be investigated and,
if considered necessary, the percentage of radio-
graphic inspection increased by agreement between
the manufacturer and the inspecting authority.

8.7.3 Preparation of Welds for  Radiographic
Examination — All butt welded joints to be radio-
graphed shall be free from weld ripples or weld
surface irregularities on both the inside and the
outside, to a degree such that the resulting radio-
graphic contrast due to any remaining irregularities
cannot be confirsed with that of any objectionable
defects. Also the weld surface shall merge smooth-
ly into the plate surface.

8.7.3.1 The finished surface of reinforcement
may be flush or have a reasonably uniform crown
not exceeding the limits stipulated in 6.7.16.

8.7.3.2 Welded butt joints of the ‘backing strip’
( see Table 6.1 ) type may be radiographed without
removing the backing strip provided that the
image of the latter is not significantly detrimental
to the interpretation of the radiographs.

8.7.3.3 Radiographic examination should be
conducted before final heat treatment,

8.7.4 Penctrameters — To check the image
quality of the radiographs, use shall be made of
either a wire type or stepwedge type ( see IS : 3657-
1966% ) image quality indicator or penetrameter,
At least two penetrameters shall be used for each
radiograph. One penetrameter shall be placed
at each end of the length of weld shown on each
radiograph. Further, the penetrameters shall be

laced on the source side and not on the film side.

*he radiographic examination shall be capable of
revealing a difference in metal thickness equal to
not more than 2 percent of the thickness of weld
under examination.

8.7.4.1 The penetrameter should be placed
parallel with and close to the weld with the wire or
hole which is the smallest in diameter positioned
away from the centre of the length of weld under
examination. Each soction of the weld shall be
marked so that the radiographs can easily be
correlated to the particular part of the joint
represented.

*Specification for radiographic image quality indicators.
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In the case of welds with reinforcement a shim
may be provided, the thickness of which conforms
to the sum of the mean thickness of the weld rein-
forcements passed by the radiation.

When the penetrameter is placed adjacent to
the weld seam and the weld reinforcement and /or
backing strip is not removed, a shim of the same
material as backing strip shall be placed under the
penetrameter such that the total thickness being
radiographed under the penetrameter is the same
as the total thickness through the weld, including
backing strip when used and not removed.

8.7.5 Interpretation of Radiographs — The exami-
nation of radiographs of welds shall be made on
the original films, using a viewing device of suitable
illuminating power.

8.7.5.1 For correct interpretation of radio-
graph, the film density shall preferably be between
2 and 3 but in no case less than 1:7 ( see IS : 1182-
1967* and IS:4853-1968%1 ).

8.7.5.2 The following standard of acceptance
applies to radiographs of butt welds in drums and
shells and longitudinal butt welds in headers, but
not to circumferential butt welds in headers, pipes
and tubes. The root runs of circumferential
welds in headers, pipes and tubes shall be sub-
stantially free from defects.

8.7.5.3 Butt welds in drums and shells and
longitudinal butt welds in headers shall in no case
be acceptable, if having one or more of the follow-
ing defects:

Radiography A

a) Cracks or areas having incomplete fusion
or penetration;

b) Any elongated inclusion of a length ex-
ceeding:

1) half the thickness with a maximum of
6 mm for thickness not exceeding 18 mm,

2) one-third the thickness for thicknesses
over 18 mm and up to and including
75 mm, and

3) 25 mm for thicknesses exceeding 75 mm;

c) Any group of inclusions of slag in alignment,
the total length of which exceeds the thick-
ness over a length of 12 times the thickness
except when the distance between succes-
sive defects exceeds 6 times the length of the
longest defect in the group; and

d) Any porosity greater than that given in
Fig. 8.12A to E.

*Recommended practice for radiographic examination of
fusion welded butt joints in steel plates ( first revision ).

tRecommended practice for radiographic examination of
fusion welded circumferential joints in steel pipes.
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Radiography B

a) Cracks or areas having incomplete fusion
or penetration;

b) Any inclusion or cavities of a length exceed-
ing two-thirds of the thickness of thinner
plate welded;

c) Any group of inclusions in alignment, the
total length of which exceeds the thickness
over a length of six times the thickness,
except when the distance between the
successive defects exceeds three times the
length of the longest defect in the group.
The maximum length of elongated inclu-
sions permitted shall not be more than
12 mm; and

d) Porosity is not a factor in the accepta-
bility of welds not required to be fully
radiographed.

8.7.5.4 Alternative to the provision of 8.7.5.3,
the radiographs may be interpreted with regard to
the quality of the welded joints according to the
marking scale indicated below ranging from 5 to

1, where 5 is the highest and 1 is the lowest obtain-
able mark. As a basis for the interpretation, the
X-ray ‘IIW Collection of Reference Radiographs
of Welds’, Atlas issued by the International
Institute of Welding shall be used.

Marks IIW Colour The Radiograph Shows

5 Black A homogeneous weld or a weld

with a few small scattered gas
cavities

4 Blue Very slight deviations from

homogeneity in the form of one
or more of the following defects,
namely:

(a) gas cavities, (b) slag inclu-
sions, and (c) undercut

3 Green Slight deviations from homoge-

neity in the form of one or more
of the following defects, namely;

(a) gas cavities, (b) slag inclu-
sions, (c) undercut, (d) incom-

plete penetration, and (e) lack
of fusion
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Marks IIW Colour

2 Brown

The Radiograph Shows

Marked deviations from homo-
geneity in the form of one or
more of the following defects,
namely:

(a) gas cavities, (b) slag in-
clusions, {c) undercut, (d) in-
complete penetration, and (e)
lack of fusion

1 Red Gross deviations from homo-
geneity in the form of one or
more of the following defects,
namely:

(a) gas cavities, (b) slag
inclusions, (c¢) undercut, (d) in-
complete penetration, (c) lack
of fusion, and (f) cracks

Welded joints in pressure vesscls which are
required to be made in accordance with this code
shall obtain a minimum of 4 marks in the radio-
graphic examination,

Isolated films getting lower marks may,
however, be accepted with the permission of the
inspecting authority in each individual case.

8.7.6 Any repair to a weld carried out by the
manufacturer shall be reported to the inspecting
authority. If the repair is made as a consequence
of a radiographic examination, the films of the
original defects and after repiar of defects, shall
be made available to the inspecting authority. If
the defects form a continuous line, the extent of
repair shall be agreed upon between the manu-
facturer and the inspecting authority.

8.7.7 If a longitudinal seam fails to meet the
- requirements of the code and it is desired to effect
a repair by removing the whole weld-and rewelding
it, the original test plate shall be-cut and repaired
“to simulate condition of main seam weld. If it is
not possible, a new production plate shall be
provided.

8.7.8 If a circumferential seam fails to meet
the requirements of the code and it is desired to
effect a repair by removing the whole weld and
rewelding it, the inspecting authority shall be en-
titled to call for a new production plate, if required.

8.7.9 All repaired areas shall be subject to radio-
graphic examination where radiography was
originally required.

8.7.10 Radiographic Examination
8.7.10.1 Identification of radiographs

a) Numerals shall be stamped on the vessel
alongside the welded seams so that each
radiograph may be identified with the
portion of seam represented. The stamped
impression shall be of a suitable radius;
a stamp which produces a sharp-edged
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b)

d)

notch in the plate shall not be used. Where
identification marks stamped on vessels are
not deep enough to be radiographed, such
markings may be radiographed with lead
numerals or markers placed over them,
with the previous consent of the inspecting
authority.

Where radiographs are required of the
entire length of a welded seam, sufficient
overlap shall be provided to ensure that the
radiographs cover the whole of the welded
seam, and each radiograph shall exhibit a
number near each end ( see Fig. 8.13 ).

Lead numerals shall be placed on the
opposite side of the weld to the appropriate
stamped numerals to provide ready identi-
fication of the radiographs with the portion
of welded seam represented ( see Fig. 8.13 ).

The width of the weld shall be indicated by
suitable lead pointers placed on each side
of, and clear of, the outside edges of the
w.'d.  Alternatively, lead wires of small
diamcter, placed on each side of the weld
and clear of, but not more than 3 mm from
the outside edges of the weld, may be
employed.

Lead characters shall be placed alongside
the weld to provide the following informa-
tion on the individual radiographs:

1) The region of the welded seam covered
by the radiograph.

2) The location of the welded seam using
a letter L for a longitudinal seam and C
for a circumferential seam with the
addition of a numeral (1, 2, 3, etc) to
indicate whether the seam was the first,
second, or third, etc, of the type. Thus
the second circumferential seam in a
vessel would be marked 2C as shown in
Fig. 8.14 ( see notes on Appendix L ).

Where the welded seam under exa-
mination is contained in the jacket of a
vessel, it is recommended that the letter
J should be prefixed to the lead charac-
ters denoting the location of the welded
seam, for example, JL would represent
the second longitudinal seam of the
jacket.

3) For the particular vessel to which the
radiographs apply, this identification
could be provided by lead characters
which indicate information, such as
the works serial number, the order
number or similar references. The
result of the radiographic examination
shall be detailed on a report form ( see
Appendix L) signed by the approved
person responsible for the inspection.
The report should be accompanied by
a drawing or diagram showing the exact
location of defects.
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—=! RADIOGRAPH NO. 4~5 WELDED SEAM
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Sufficient overlap is to be provided on the radiographs to ensure
that the whole of the welded seam is covered.

Fic. 8.13 MARKING FOR IDENTIFICATION OF RADIOGRAPHS

~5
[Te]
U
-7 -
8 &
@
o 2L _8-15
The length between numbers for the longitudinal seam is.........mm.
The length between numbers for the circumferential seam is......... mm,

Fic. 8.14 SketcH ofF VEssEL Smowine Frum LocaTion

8.7.10.2 Testing techniqgue — The radiographic
technique shall be capable of detecting difference
in metal thickness of at least 2 percent of the
thickness of the plate under examination, and this
shall be clearly indicated on each individual radio-
graph by means of an adequate indicator radio-
graphed on to the films.

The width of the radiographs shall be at least
equal to the total width of the welded joints plus an
allowance of about 10 mm on each side of the
welded joint.

8.7.10.3 Re-examination of repaired joints

a) Welded joints or parts thereof, which do
not show the quality required, shall be repaired,
see 6.9 ).

After such repairs the parts in question of the
welded joints shall be subjected to renewed radio-
graphic examination, and shall meet the require-
ments of 8.7.5.3 and 8.7.5.4,

b) If any part of a welded joint, which has
been subjected to Radiography B, or which has
been examined at the points of intersection with
other joints does not show the quality required, an
additional radiographic examination shall be
carried out in the following manner,

On each side of and in immediate extension of
that part of the welded joint, where the radiograph
was previously located, one additional radiograph
shall be made. These radiographs should be not
shorter than 250 mm, unless this is necessitated by
the shape of the joint. If the first radiograph
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has been made at a point of intersection and o1 a
welded joint ending in this point, only one radio-
graph is to be made in extension of the first one.

Should special conditions make it expedient,
the inspecting authority has the right to modify the
location of such additional radiographs.

c) Should the two additional radiographs
made in accordance with (b) above meet the quali-
ty requirements, the entire weld unit represented
by the three radiographs is acceptable.  The
defective welding disclosed by the first of the three
radiographs may be removed and the area repaired
by welding or it may be allowed to remain there at
the discretion of the inspecting authority.

d) Should any of the additional radiographs
made in accordance with (b) above do not meet
the quality requirements of 8.7.5.3 or 8.7.5.4, the
entire unit of weld shall be rejected and the joint
in question shall be radiographed throughout its
entire length and shall be repaired where necessary,
followed by a renewed examination of all repaired
parts of the joint.

In addition to this, a further random radio-
graphic examination shall be carried out on the
other joints of the vessel in question, unless these
joints have already been examined throughout
their entire length, This additional examination
shall comprise the same number of radiographs
as prescribed for Radiography B. Should any of
these additional radiographs fail to meet the
requirements of 8.7.5.3 or 8.7.5.4, the joint in
question shall be examined throughout its entire
length and shall be repaired where necessary,
followed by renewed examination, until the quality
requirements have been met with.

Should the random radiographic examination
of a vessel reveal .a larger number of systematic
defects of such character that similar defects
may be expected to occur to a greater or smaller
extent in the welds as a whole, or in all welds
of a certain category, the inspecting authority
has the right to request an extension of the
examination including a complete examination
of all welds, or including all welds in the vessel
within the category in question.

All parts of the welded joints, which do not
meet the requirements stated under 8.7.5.3
or 8.7.5.4 shall be repaired and re-examined after
repair,

e) No repairs shall be carried out after the
radiographic examination without the prior con-
sent of the inspecting authority.

f) Radiographic films shall be preserved by
the manufacturer for a period of at least five years
after the acceptance of the films.

8.7.10.4 Protection of personnel — All persons
exposed to X or gamma rays and engaged in
radiographic work shall be suitably shielded against
direct and scattered radiations.

110

For detailed information, reference may be
made to IS: 2598-1966*.

8.7.11 Other Non-destructive Testing Methods —
When special conditions make it expedient, radio-
graphy as specified in 8.7.1 and 8.7.2 may be re-
placed by other non-destructive testing methods, for
example, dye penetrant, magnetic or ultrasonic test-
ing methods upon previous consent of the inspecting
authority, and on the condition that such testing
methods may be considered to render an equally
safe evaluation of the quality of the welding work.
Such non-destructive testing methods may also
be employed to ascertain the quality of welds,
where radiography cannot be easily employed as
in the case of fillet and butt welds on branches
and fittings.

See IS : 3664-19661, IS : 42601967, IS : 3658-
1966§ and IS : 3703-1966].

9. MARKING AND RECORDS

9.0 All vessels built under this code shall conform
to the provisions of this code in every detail and
shall be distinctly stamped and certified.

9.1 Marking — Each pressure vessel shall have
stamped upon its front plate in a conspicuous
position the following particulars:

Manufacturer’s name
Manufacturer’s serial No.

Year built

Max WP.......cooooniin. at Temp........c....... °C
1S:2825......cccuienneee. FRY/PR**/SRt}
Hydraulic pneumatic test pressure..................

Date of test............
Inspecting authority’s official stamp

9.1.1 ‘The figures and letters of the stamping
shall be at least 8 mm high when stamped directly
on the vessel or 4 mm high when stamped on a
permanently attached name-plate. The figures
and letters shall be legible and stamped fully into
the plate. Deep stamping shall be avoided when
stamped directly on the vessel.

9.1.2 Stamping of vessels may be made directly
on the vessel or may be stamped on a permanently
attached name-plate so fixed as not to be covered
by lagging or insulation. Permanently attached
name-plates shall be used on all vessels of steel
plate less than 7 mm thick.

*Safety code for industrial radiograpbic practice.

tCode of practice for ultrasonic testing by pulse echo
method ( direct contact ).

. 3Recommended practice for ultrasonic testing of welds
in ferritic steel.

§Code of practice for liquid penetrant flaw detection.
|ICode of practice for magnetic flaw detection.
qFR, if fully radiographed (Radiography A).
*#PR, if spot or check radiographed ( Radiography B).
t1SR, if stress-relieved.



9.1.3 The stamping area shall be painted and
outlined in a contrasting colour. The stamping
or name-plate described in 9.1 and 9.1.2, shall be
kept free of any covering.

~ 9.1.4 Either of the following arrangements may
be used in marking vessels having two or more
independent pressure chambers designed for the
same or different operating conditions. Each
detachable chamber shall be marked so as to
identify it positively with the combined unit:

a) The marking may be grouped in one loca-
tion on the vessel, provided it is arranged
50 as to indicate clearly the data applicable
to each chamber,

b) The complete required marking may be

applied to each independent pressure
chamber, provided additionai marking, such

IS : 2825 - 1969

as stock space, jacket, tube-nest or channel »
box is used to indicate clearly to which
chamber the data apply.

9.1.4.1 Removable pressure parts shall be
permanently marked in a manner to identify them
with the vessel or chamber of which they form a
part. This does not apply to manhole covers,
handhole covers, etc.

9.2 Certificate of Manufacture and Test — A
certificate of manufacture and test in form is
given in Appendix M shall be filled out by the
manufacturer and signed by the manufacturer or
a responsible representative of the manufacturer
and shall be complete with all the enclosure re-
ferred to in form in Appendix M. The manu-
facturer shall issue such a certificate for every vessel
fabricated by him.
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APPENDIX A
Clause 2.2.1.1)

'S & 4 WAZ AMRBY WY OO0 XFAT TYID Yoy TN Y AT T ARITRE WY B IT MR AYrTG AsATMIMTNTAY
ALL/ ADLE STRENS vaLUK UR FERRUUD AND N -FERROUS MATERIAL
A-1. STRESS VALUES
A-1.1 The allowable stress values for carbon and low alloy steels are given in Table A.1 as determined from the criteria given in Table 2.1 and
Appendix B.
TABLE A.1 ALLOWABLE STRESS VALUES FOR CARBON AND LOW ALLOY STEEL IN TENSION
MATERIAL GRADE OR MECHANICAL PROPERTIES ALLowasLE STRESS VALUES IN kgf/mm? AT DesioN TempERATURE °C
SPECIFICATION DEesiGNATION — - - A e
Tensile Yield Percentage Up Up Up Up Up Up Up Up Up Up Up Up Up
Strength Stress Elongation to to to to to to to to to to to to to
Min’ Min Min 250 300 350 375 425 450 475 500 525 550 575 600
kgf/mm?2 kgf/mm? on Gauge
Length
Ro Eg =565y,
Plates
IS : 2002-1962 I 37 0:35 Ry 26 95 87 7-8 7'5 72 59 43 36 — — —_ — —
iS: 2002-1962 ZA 42 0-50 Ry 25 98 90 81 77 74 59 43 36 — —_ - = -
IS: 2002-1962 2B 52 0'50 Ry 20 1221 11t 100 95 &3 539 43 36 — e
1S: 2041-1962 20Mo35 48 28 20 143 132 123 119 11’ 112 108 77 56 37 — @ — —_
IS: 2041-1962 20Mn2 52 30 20 140 128 116 110 83 59 43 36 — _ = = =
IS: 1570-1961 15Cr90Mo55 50 30 20 16:0 152 144 138 134 130 126 11'7 86 58 35 — —
1S : 1570-1961 C15Mn75 42 23 25 107 98 89 84 &1 59 43 36 — — — - -
Forgings
IS :2004-1962 Class 1 37 0°50 Ryg — 86 79 71 68 65 59 43 36 — — — — —_
IS: 2004-1962 Class 2 44 0:50 Rgp 15 162 93 85 &0 77 5% 43 36 — —_ - - -
1S:2004-1962 Class 3 50 0'50 Rgg 21 17 107 96 9t 83 59 43 36 — e
1S : 2004-1962 Class 4 63 0:50 Ry 15 147 134 122 11'5 83 59 42 36 — e —
IS: 1570-1961 20Mo35 48 28 20 143 132 123 119 11’5 112 108 77 56 37 — @ — —
1S: 2611-1964 15Cr90Mo55 50 30 20 160 152 144 138 134 130 126 117 86 58 35 — @ —
IS: 10Cr2Mol 50 32 20 1779 173 164 161 158 153 149 127 96 70 49 32 23

1570-1961

( Continued )
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SPECIFICATION

IS:

1S:

IS:

1S:

IS:

1S:

1S:

IS:

MATERIAL

3609-1966

3609-1966

1570-1961

1914-1961

1914-1961

2416-1963

1978-1961

1979-1961

TABLE A.1 ALLOWABLE STRESS VALUES FOR CARBON AND LOW ALLOY STEEL IN TENSION — Centd

GRADE OR
DESIGNATION

19Cr 4% Mq Tube
Normalized and
Tempered

249%, Cr 19% Mo
Tube Normalized
and Tempered

20Mo35

32 kgf/mm?, Min,
Tensile Strength

43 kgf/mm?2, Min,
Tensile Strength

32 kgf/mm?2, Min,
Tensile Strength

St 18

St 20

St 21

St 25

St 30
St 32
St 37

MECHANICAL PROPERTIES

A

ALLOWABLE STRess VALUEs IN kgf/mm?2 AT Desiocn TEMPERATURE °C
Ao

e e —— e e e ————y,

’Tensile Yield Percentage ) rI}p Up Up Up Up Up Up Up Up
Strength Stress ~ Elongation to to to to to to to to to
Min Min Min 250 300 350 375 400 425 450 475 500
kgf/mm? kgf/mm? on Gauge
Length
R 20 Ego =565 \/Sg
Tubes, Pipes
44 24 950/ Rgq 128 1211 11'5 11’1 1007 104 100 97 86
49 25 950/ Rpp 140 135 128 126 128 120 116 1I'3 96
46 25 950/ Ryg 128 1118 11'0 106 103 1000 96 77 56
32 050 Ryp 950/ Rgq 74 68 62 58 56 50 43 36 —
43 0-50 Ryq 950/ Ryp 00 92 83 79 76 59 43 36 —
32 0'50 Ry 950/ Ryq 74 68 62 58 56 50 43 36 —
31-6 176 —_— 82 75 67 64 62 59 43 36 —
337 197 — 92 84 76 72 69 59 43 36 —
337 211 — 98 90 81 77 74 59 43 36 -—
42-2 246 — s 105 95 90 83 59 43 36 —
42:2 295 — 138 126 II'5 108 83 59 43 36 —
443 32-3 — 150 138 125 118 83 59 43 36 -~
464 366 - 1771 156 141 134 83 59 43 36

Up
to

525

Up
to
550

Up
to
575

Up
to
600

696T - SC8T : S1
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Castings*

IS: 3036-1965  Grade 1 55 35 17 122 112 101 96 62 44 32 27 — — — — —
Grade 2 47 25 17 96 88 82 80 77 75 73 58 42 28 — — —

Grade 3 52 31 15 119 110 102 99 96 93 84 58 42 28 — — —

Grade 4 49 28 17 112 106 101 97 93 91 88 85 65 44 26 — —

Grade 5 52 31 17 130 125 119 117 114 111 108 95 72 53 37 24 —

Grade 6 63 .3 15 172 163 155 149 144 140 135 67 49 35 26 17 09

1S:2856-1964 € Sw-C20 2 21 20 78 67 61 57 55 44 32 27 16 — — -
C Sw-C25 49 25 18 87 80 72 68 62 44 32 27 16 — — — —

Rivet and Stay Bar
IS : 19901962 37 0'55 Ryo 26 86 79 71 68 65 59 43 36 — — — — —
> 4 0'55 Ry 23 98 90 81 79 74 59 43 36 — — — — —
Sections, Plates, Bars

1S+ 226-1962 St 42- 2 2 23 98 90 81 — — — — - — - = =
1S : 961-1962 St 55 HTW 50 29 20 n7 107 96 — — — - — - — — -
IS: 2062-1962  St42 -W 2 23 23 98 90 81 — — — — - — — — =
IS: 3039-1965  Grade A - — - 98 90 81 — — - — - — — =
Grade D — - - 17 107 96 — — — — — - - - -

IS: 3503-1966  Grade 1 37 0-55 Rgp 26 86 79 71 68 65 59 43 36 — — — — —
Grade 2 42 055 Ryq 25 98 90 81 77 74 59 43 36 — — — — —

Grade 3 44 0-55 Ryo 23 102 93 85 80 77 59 43 36 — — — — —

Grade 4 47 055 Ryg 22 117 107 96 91 83 59 43 36 — — — — —

Grade 5 50 055 Ryy 21 121 111 100 95 83 58 43 36 — — — — —

1S: 39451966 Grade AN 44 2 23 98 96 81 — — — — - - - - -
Grade B-N 50 28'5 20 17 107 96 — — — — - — — — o _

*These values have been based on a quality factor of 0'75. For additional inspection as detailed in Note to Table 2.1 a quality factor of 0'9 shall be used and the above stress
values.increased proportionally.

6961 - €8T : S
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A-1.2 The allowable stress values for high alloy steels are given in Table A.2.

TABLE A.2 ALLOWABLE STRESS VALUES FOR HIGH ALLOY STEELS IN TENSION

MaTERIAL DEesSIGNATION Propuct REMARKS MEeCHANICAL ArvowaBrLe Stress Varuss v kgf/mm? at Dssien
SPECIFICATION PROPERTIES TEeEMPERATURE °C
r A = ——t had _
Tensile Yield Elongation Up to
Strength  Stress  Percent 50 100 150 200 250 300 350 400
kgfimm? kgf/mm?  Min
Min Min on Gauge
p__ ) A T anctl
Ry Ep  Length
. 5:654/8,
{ 04Cr19Ni9 Plates, sections, Austenitic 55 24 28]I 1600 1420 1240 10060 997 935 870 807
]
I| 04Cr19Ni9Ti20 Bars, forgings stainless 55 24 28 | 1600 14-28 1256 1083 10-64 1060 10-60 10-80
1S : 1570-1961 { 04Cr19Ni9Nb#0 and seamless steels 55 24 28 r 16:00 1428 1256 10083 1064 1060 1060 1060
! mmae dARTIYIR L O P | < [ 44 DA a0 1L.NN 1A.EN 12.nN 11, £n 11 04 11 00 11 00 11 10
| 0oCrloN1l 1 MoJ tubes 99 L% 40 | i0'UVU 170U 10UV 1I'OU  11°4%  L1'40 1143 Ll'1a
lL 05Cr19Ni9Mo3Ti20 55 24 28}! 16-00 1450 1300 11.50 11.24 11.23 11.23 11-12
f Grade7,8 47 21 21]} 1400 1294 11-88 10-83 1064 1060 1060 10-60
1S : 3444-1966 < *Castings
{{ Gradec 9, 11 47 21 13 1400 1317 12:3¢ 11-50 1124 1123 1123 11-12
*For castings, values have been based on a quality factor of 0-75. For additional inspection as detailed in Note te Table 2.1, a quality factor of 09 shall be used and

the above stress values increased accordingly.
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A-1.3 Allowable stress values for aluminium and aluminium alloys are given in Table A.3.

MATERIAL

1S:
IS:

1S:
IS:

IS:
1S:

1S:

1S:

IS:
: 737-1965

I1S:
1S:
1S:

1S:

1S:
IS:

736-1966
737-1965

733-1967
1285-1958

736-1966
737-1965

737-1965
373-1965

736-1965

733-1967
738-1966
1285-1958

737-1965

738-1966
737-1965

GRADE AND ConDITION
Probuerts
PIB Plate M
SIB  Sheet, Strip (o}
EIB Bars, Rods M
VIB Extruded M
PIB Plate iH
SIB  Shcet, Strip iH
NS3  Sheet, Strip (o]
NS3 Sheet, Strip iH
NP4 Plate M
NS4 Sheet, Strip 8]
NE4 Bars, Rods M
NT4 Drawn Tube (0]
NV4 Extruded Tubes M
NS4  Sheet, Strip iH
NT4 Drawn Tube iH
NS4 Sheet, Strip iH

TABLE A.3 ALLOWABLE STRESS VALUES FOR ALUMINIUM AND ALUMINIUM ALLOYS IN TENSION

MEecHANICAL PROPERTIES

A,

ALLOWABLE STREss VALUES IN kgf/mm?2 AT DEsioN TEMPERATURE °C
A

" Tensile 02 Proof Elongatior; 'Up to Upto Upto Upto U;to Upto Up to
Strength Stress on 44/5, 50 75 100 125 150 175 200
Min Min Min
kgf/mm? kgf/mm? Percent
65 — 30 1 3
65 — 30 l
> 1:36 127 1-16 1:05 095 0-84 074
65 - 25 |
|
63 - 25 )
10 — 81
> 2-11 2:08 2:00 1:90 165 1:41 112
10 _— 8 )
10 — 30 2-30 2:22 2:00 1-89 169 1-48 1:26
14 — 7 3-46 337 325 309 2:82 2:46 218
19 —_ 12 7
17:5 — 18
175 - 18 ¢
435 4-35 432 420 3-80 327 2:46
175 —_ 18
17:3 —_ 18 J
20'5 — 8 545 542 527 4-98 450 394 2:46
235 — 57
} 597 595 578 540 485 428 246
235 — 5 J

REMARKS

Mechanical pro-
perties are those
of solution and
precipitation
heated material

( Continued )
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TABLE A.3 ALLOWABLE STRESS VALUES FOR ALUMINIUM' AND ALUMINIUM ALLOYS IN TENSION — Contd

MATERIAL GRADE AND CONDITION MECHANICAL PROPERTIES
A

ArLOowABLE STREss VALUES IN kgf/mm? AT DesioN TeEMPERATURE °C REMARKS
Propucts A

(4 b 1 f b
Tensile  0°2 Proof Elongation Up to Upto Upto Upto Upto Upto Upto
Strength Stress on 44/5, 50 75 100 125 150 175 200
Min Min Min
kgf/mm?  kgffmm? Percent

6961 - S28% * SI

IS:
IS:

IS:
1S:

IS:
IS:
IS:
IS:

IS:

18:

IS:

IS:

1S:

737-1965 NS5 Sheet, Strip (0] 22 — 18+ b
733-1967 NE5 Bars, Rods and M 22 -_— 18¢
Sections .
r 549 —_— —_— — -— — —_
738-1966 NT5 Drawn Tubes o 22 — 18* i
1285-1958 NV5 Hollow Section M 22 —_ 18* J
737-1965 NS6 Sheet, Strip O 27 — 18* ]
738-1966 NTG6 Drawn Tubes O 27 — 18%
736-1966 NP6 Plate O 27 —_— 20* 668 —_ —_— —_ — —_ —_
733-1967 NE6 Bars, Rods M 27 — 18+
1285-1958 NV6 Extruded Tubes M 26'8 — 18* J
733-1967 NE8 Bars, Rods,and O 27 — 16 702 — — —_— -— — —
Sections
1285-1958 HV9 Extruded M 11 — 15 2:97 2:90 278 2:67 2-53 1-93 1-33
Round Tubes
Hollow Sec-
tion
1285-1958 HV9 do P 157 —_ 10 374 3-61 3-38 324 295 218 1-41
1285-1958 HV9 do Wi 189 — 12 515 491 465 429 3-16 218 1-41 |




IS:
IS:
IS:

IS:

IS:

IS:
IS:
1S:
1S:

IS:

1S:

IS:

736-1966
734-1967
737-1965

733-1967

738-1966

738-1966
736-1966
734-1967
737-1965

7331967

1285-1958

: 1285-1958

1284-1966

: 617-1959

*The clongation values are based on 50'8 mm test piece.

HP30 Plate

HF30 Forging

HS30 Sheet, Strip

HES0 Bars, Rods and
Sections

HT30 Drawn Tube

HT30 Drawn Tube
HP30 Plate

HF30 Forging
HS30 Sheet, Strip

HE30 Bars, Rods
and Sections

HB135 Bolting alloy
NB6 Bolting alloy
HB30 Bolting alloy

A-3 Casting alloy

w 20°5
w 19-0
w 205
w 190
w 22:0
wp 315
WP 30
wpP 30
WP 30
WP 30
WP 44
iH 31-5
WP 300
M (sand 165
cast )

M (chill 189

cast )

110
11-0
11-0

11-0

250
235
25

25t5

250

380

235

250

159
18
15

18

80+

12:0*

518

729

882

7:65

585

2:59

2:96

501

845

570

2:36

2:68

4-86

6-85

7:95

548

2:25

2:56

471

6-60

7:30

527

214

246

4-50

5:56

506

443

190

218

394

436

3-:09

34

172

197

2:81

310

211

232

1-55

1:76

131
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E A-1.4 Ailowable stres

value

n
2

[
DR

1S:

IS:

oy
2]

=
wn

IS:
IS:

IS:

o
w

IS:

1S:

MATERIAL

410-1967

1972-1961

288-1960
4171-19u7

291-1966

: 44,7-1966

+ 1545-1960

2371-1963

2501-1963

1S: 318-1962

GRADE Propuct

Cu Zn 30
Cu Zn 37

Cu Zn 40
All grades

Grade 1
Grade 2

Cu Zn 21 A1 2 As
Cu Ni 31 Mn 1 Fe

Grade 1
Grade 2

.. 2
wraac o

TABLE A.4 ALLOWABLE STRESS VALUES FOR COPPER AND COPPER ALLOYS

ALLOWABLE STRESs VALUES IN kgf/mm?2 AT DesicN TeMPERATURE °C

MECHANICAL PROPERTIES
— A - —

Tensile Yield Elongation Up Up Up Up Up Up Up Up Up
Strength Stress Percent to 1o to to to to tc to tc
Min Min Min 50 75 100 125 150 175 200 225 250

kgf/mm?2 kgf/mm? :

Plate, Sheet and Strip
28 — 45 7-:03 703 703 703 696 570 383 246 —
28 — 45 879 867 830 781 728 538 200 — —
28 — 30 879 867 830 781 728 538 200 — —
22'5 — 35 471 466 454 430 347 271 1'90 — —
Bars and Rods
40 — 22 703 703 703 703 696 570 383 246 —
40 — 22 703 703 703 703 695 570 383 246 —
Bolting Material
40 — 22 176 1’76 176 167 154 148 141 — —
40 - 22 176 176 1'76 167 1'34 148 1'41 — —_
Sections )
35 — 20 879 867 830 781 728 538 200 — —
35 — 20 879 867 830 781 728 538 200 — —
Tubes
29 — — 703 703 703 703 696 570 383 — —
29 — — 879 867 83 78! 728 538 200 — —_
— — — 703 703 703 703 69 570 383 — —
— — —_ 844 844 844 844 828 543 258 1'58 —
— — — 876 867 853 834 809 709 464 316 1-88
32 — — 844 844 844 844 828 543 258 158 —
42 — — 831 808 789 771 759 758 727 714 711
— — — 422 419 413 400 347 271 1'90 — —
Castings

22 1i'5 i2 594 588 582 576 563 556 538 513 478
19 11 75 521 509 496 484 477 465 458 — —
175 75 70 430 412 39 378 365 3352 330 — —

[or]
(=]

Up Up
300 325
683 673

LR |
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A-2. LIST OF INDIAN STANDARDS ON MATERIALS SPECIFIED IN TABLES A.1 TO A4

SI
No.

10)
11)
12)

13)
14)

15)

16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)

30)

31)

32)
33)
34)
35)
36)
37)
38)

39)
40)

No. of the
Standard

IS:
1S:

1S:
IS:
1S:
IS:
" IS:

IS:
IS:
IS:
IS:
IS:

IS:
IS:

1S:

IS:
1S:
IS:
IS:
IS:
IS:
1S:
IS:
IS:
I1S:
IS:
IS:
IS:
1S

IS:
IS:
IS:
I1S:
IS:
IS:
IS:
IS:
IS:

IS:
1 4171-1967

IS

288-1960
291-1961

318-1962
320-1962
407-1966
410-1959
617-1959

733-1967
734-1967
736-1965
737-1965
738-1966

961-1962
1284-1966

1285-1968

1385-1959
1545-1960
1570-1961
1914-1961
1972-1961
1978-1961
1979-1961
1990-1961
2002-1962
2004-1962
2040-1962
2041-1962
2062-1969
2371-1963

2416-1963
2501-1963
2611-1964
2856-1964
3038-1965

3039-1965
3444-1966

"3503-1966

3609-1966

3945-1966

Title

Specification fer copper rods for boiler stay bolts and rivets ( revised )
Specification for naval brass rods and sections ( suitable for machining and
forging ) ( revised )

Specification for leaded tin bronze ingots and castings ( revised )

Specification for high tensile brass rods and sections ( revised )

Specification for brass tubes for general purposes ( second revision )

Specification for rolled brass steel plate, sheet, strip and foil ( revised )
Specification for aluminium and aluminium alloy ingots and castings for gener-
al engineering purposes ( revised )

Specification for wrought aluminium and aluminium alloys, bars, rods and
sections ( for general engineering purposes ) ( first revision )

Specification for wrought aluminium and aluminium alloys, forgings ( for
general engineering purposes ) ( first revision )

Specification for wrought aluminium and aluminium alloys, plate ( for general
engineering purposes ) ( revised )

Specification for wrought aluminium and aluminium alloys, sheet and strip
( for general engineering purposes ) ( revised )

Specification for wrought aluminium and aluminium alloys, drawn tube ( for
general engineering purposes ) ( revised )

Specification for structural steel ( high tensile ) ( revised )

Specification for wrought aluminium alloys, bolt and screw stock for general
engineering purposes ( revised )

Specification for wrought aluminium and aluminium alloys, extruded round
tube and hollow sections ( for general engineering purposes ) ( revised )

Specification for phosphor bronze rods and bars, sheet and strip, and wire

Specification for solid drawn copper alloy tubes

Schedules for wrought steels for general engineering purposes

Specification for carbon steel boiler tubes and superheater tubes

Specification for copper plate, sheet and strip for industrial purposes

Specification for line pipe

Specification for high test line pipe

Specification for steel rivet and stay bars for boilers

Specification for steel plates for boilers

Specification for carbon steel forgings for general engineering purposes

Specification for steel bars for stays

Specification for steel plates for pressure vessels

Specification for structural steel ( fusion welding quality ) ( first revision )

Specification for solid drawn copper alloy tubes for condensers, evaporators,
heaters and coolers using saline and hard water

Specification for boiler and superheater tubes for marine and naval purposes

Specification for copper tubes for general engineering purposes

Specification for carbon chromium molybdenum steel forgings for high tem.-
perature service

Specification for carbon steel castings suitable for high temperature service
( fusion welding quality )

Specification for alloy steel castings for pressure containing parts suitable for
high temperature

Specification for structural steel ( shipbuilding quality )

Specification for corrosion resistant steel castings

Specification for steel for marine boilers, pressure vessels and welded
machinery structures

Spcgiﬁcation for chrome molybdenum steel, seamless, boiler and superheater
tubes

Specification for steel for naval purposes

Specification for copper rods for general engineering purposes
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III‘ B

( Clause 2.2.1.1)

ELEVATED TEMPERATURE VALUES FOR CARBON AN
WITH UNCERTIFIED HIGH TEMPERATURE P

B-0. General — This appendix specifies the values
of elevated temperature proof stress and average
stress for rupture in 100 000 hours to be used in
case Ol car lJUIl anu ICW dll()y blCClB \‘Vllﬂ uncer um:u
elevated temperature properties. The allowable
stress values specified in Table A.1 have been

calculated on the basis of these values and the

D LOW ALL Y STEELS
TURE PROPERTIE

criteria given in Table 2.1.

B-1. Types of Steels Covered — The values for
six steels of different chemical composition have
been covered in Table B.2 and Table B.3.

The composition of these steels is given in
Table B.1.

TABLE B.1 CHEMICAL COMPOSITION OF STEELS

Ty C Mn Cr Mo P s
Max

A 025 140 Max — _ 0-05 005
B 020 150 Mas — 0-60 004 004
C 0-20 040 to 070 040 tu 070 040 to 0:70 004 0-04

: 1
D 018 040 to 0°70 0°70 to 1°50 040 to 070 0-04 0-04
E 015 040 to 0-70 2:00 to 3:25 090 to 115 004 004
F 015 040 to 0:70 4:00 to 6:00 040 to 0:70 004 004
TABLE B.2 MINIMUM VALUES FOR THE RATIO OF ¢:2 PERCENT PROOF STRESS AT ELEVATED

TEMPERATURES TO THE MINIMUM SPECIFIED YIELD STRENGTH AT ROOM TEMPERATURE,

EiE3 IN kgf/mm?
Tvyere oF STEEL
| ]
Tewme, °C A B C D E F
 Cand C-Mn
: ‘ - C-Mo 3Cr-}Mo 1Cr-§Mo 2§Cr-1Mo 5Cr-§Mo
(Note 1) &f{:ﬁ")‘

50 10 140 10 10 10 10 100

100 0-89 092 093 0-93 0-93 094 093

150 0-80 0-85 088 0-88 0-89 090 089

200 on 077 082 082 0-85 087 085

" Contivaed)
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TABLE B.2 MINIMUM VALUES FOR THE RATIO OF 0-2 PERCENT PROOF STRESS AT ELEVATED
TEMPERATURES TO THE MINIMUM SPECIFIED YIELD STRENGTH AT ROOM TEMPERATURE,
Et/Ezo IN kgf/mm? — Contd

TyPE OF STEEL

Tewme, °C l A : B i Cc D E F
T : ' -
l (Note 1) ( §;i° ft) i C-Mo $Cr-§Mo 1Cr-§Mo 234Cr-1Mo 5Cr-}Mo
250 I 063 070 , 077 077 0-80 0-84 080
1
~ 300 i 0'56 o6t o7 o7 076 081 o
330 | 049 0'58 | 0-66 0-66 072 0717 ’ 072
400 043 0-53 062 062 067 074 { 067
50 0 — ~ 058 058 063 070 * 063
500 — — - — 059 066 | 059
|

Note | — This column applies to fine-grain aluminium killed, and similar steels, ordinarily used tor low temperatures
{ below 0°C).

TABLE B.3 AVERAGE STRESSES FOR RUPTURE, Sg IN 100 000 HOURS IN kgf/mm?

Tyre oF STEEL
Tewe, °C A | B c D : E F
CC y 1:\?: ‘ C-Mo $Cr-§Mo 1Cr-§Mo 24Cr-1Mo 5Cr-§Mo
|
250 — T — — - —
j
400 125 — — — - -
450 65 B 16'9 169 — — —
475 54 116 11-6 176 19-0 13-4
500 33 84 84 130 _ 144 99
525 — 56 56 8:8 106 70
550 — ! 35 35 53 7°4 53
|
575 — E 2:1 2'] 82 49 35
| .
600 - | — _ 21 85 28
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APPENDIX C
( Clauses 2.2.2, 3.13 and 3.13.2.3)

STRESSES FROM LOCAL LOADS ON, AND THERMAL GRADIENTS IN, PRESSURE
VESSELS

Design Criteria and Recommended Methods of Calculation

C-1. INTRODUCTION

G-1.1 Systems of local stresses (in addition to

those 'at the junction of branches and shell due to,

pressure ) are produced in the shells of pressure
vessels from:

a) local loads arising from;
1) supports for the vessel,
2) structures ( both internal and external )
supported by the vessel, and

3) loads imposed on branches by piping
systems, etc;

b) steady and transient thermal gradients; and

¢) local areas and lines of stiffening or thicken-
ing of the shell.

C-1.2 In the ass¢ssment of loads consideration shall
always be given to the possibility of loads arising
from differential thermal expansion of the shell and
the parts attached to it. All the types of local load
mentioned above give rise to bending stresses in
the shell which decrease rapidly with distance from
the area of application of the load; they may also
modify the membrane stresses.

C-1.3 Thermal gradients through the thickness
of the shell give rise to bending stresses; longitudinal
thermal gradients to a combination of membrane
and bending stresses. The permissible values of
the membrane stresses are dealt within 3.3.2.4
at equation (3.8) and conditions in equations
(3.9a) to (3.9f). This appendix deals firstly with
the permissible values of the-bending stresses and
secondly with methods of estimating bending stress
from loading conditions in some particular cases.

C-2. DESIGN CRITERIA

C-2.1 General — The design criterion to be
adopted depends on whether or not the local bend-
ing stress system extends over a small or a large
roportion of the circumference of the vessel.
n the former case the criterion adopted is that the
bending stresses are limited to the value which
will just cause a plastic hinge to develop; the
criterion is considered safe because a very small
amount of distortion consequent upon the forma-
tion of a plastic hinge will cause a local increase
in membrane stresses which will inhibit further
distortion. The stress intensification factor cor-
responding to this condition is of the same order
as that occurring at branches under the action
of pressure.

If, however, -the highly stressed area extends
over a considerable fraction of the circumference
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of the vessel, loads approaching the plastic limit
are liable to cause a kink to form in the shell.
Under these conditions the allowable value of the

bending stresscs has been reduced (see C-2.3,
C-2.4 and C-2.5).

The general equation relating the lower limit
of the bending stress components which will just
produce fully plastic conditions, to the membrane
stress components, is

Geen 3 (M)2]
Oy - 2 Gy
This equation has been deduced for a beam of
rectangular cross section subjected to direct and
bending loads; using the Tresca yield criterion to
determine equivalent stresses it may be shown to
give the lower limit of stresses to produce full
plasticity in the case of biaxial stress systems,

(C.1)

It is, however, convenient to use equation
(3.8) of 3.3.2.4 for the calculation of the equivalent
direct stress gg,q, that is:

Ce,d = [026 — 0,402 + c: +3 12]‘}

and it is recommended that the value of @,
calculated from equation (C.1) using this value for
6e,a should be reduced by 15 percent to allow
for the possible difference between the yield stresses
given by the Tresca and Maxwell criteria. There-
fore, for design purposes and provided the highly
stressed areas are effectively far from welded
seams with a joint factor J less than 1, equation
(C.1) above should be replaced by:

Ges b Ces d 2
Jeb _ 1.91 — 0-85 (-—)
S f

It is recommended that this equation should
continue to be applied even at temperatures where
the behaviour of the material no longer approxi-
mates to that of an elastic perfectly plastic solid.

(C.2)

If a welded seam with a joint factor J less than
1 crosses or is adjacent to the highly stressed area,
JJ should replace f in equation (C.2).

It should be noted that under test conditions

Ge,aoy < 0-87 [‘1}“ < 1-3]

whereas under design conditions

oe,afoy < 067 [ °J°;" < 1]
The permissible value of the bending stresses
is, therchre, affected by whether or not the stresses
are applied when the vessel is under test and,




therefore, subjected to enhanced membrane stresses.
Examples of the two categories are:

a) local bending stresses present at'test condi-
tions, such as horizontal pressure storage
tank supported on saddles ( the stresses at
the horns of the saddle); and

b) local bending stresses present only at design
conditions, such as pad for attachment of
an auxiliary structure not loaded during
test and thermal stresses.

Finally, if there are no welded seams in the
vicinity of the loaded areas, the permissible values
of the bending stresses are higher for vessels for
which a welded joint factor of 0-85 and, therefore,
lower membrane stresses have been adopted than
for vessels for which a welded joint factor of 1-0
has been adopted.

Table C.1 gives the permissible values of the
bending stresses, calculated and adjusted as above,
for the normal case in which: the loaded area is
small and the direct stresses have their full design
value. Definitions of three size classifications of
loaded areas, and of the bending stress levels

ermissible for each, are given in C-2.2 to C-2.4,

he methods of calculation for shell stresses due
to local loads given in G-3 are generally applicable
only to ‘ small ’ loaded areas. The formal defini-
tion of equivalent bending stress in the biaxial
case is given in G-2.5. Table C.2 gives the
notations used in G-2.

C-2.2 Loaded Areas — Small

C-2.2.Y Size of Loaded Area — A loaded area is
considered ¢ small ’ if it extends over less than one-
third of the circumference of the vessel, and the
rules of this clause are then applicable.

C-2.2.2 Permissible Value of Bending Stress —
When the loaded area is ‘Small’ as defined
in C-2.2.1, the maximum permissible values of the
local bending stresses are as given by equation
(C.2). Table C.1 tabulates the values applicable
to cases where the membrane stresses have their
design values.

C-2.3 Loaded Areas—Large

C-2.3.1 Size of Areas — A loaded area is consi-
dered ‘large ’ when it extends over at least half the
circumference of the vessel.

C-2.3.2 Permissible Value of Bending Stresses —
When the loaded area is °large’ as defined
by C-2.3.1, the permissible value of the bending
stresses shall be two-thirds of the values given by
equation ( C.2).

C-2.4 Loaded Areas of Intermediate Size

C-2.4.1 Size of Areas— A loaded area is
considered of “intermediate ’ size if it extends over
between one-third and one-half of the wvessel
circumference.
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C-2.4.2 Permissible Value of Bending Stresses —
When the loaded area is of intermediate size, the
permissible value of the bending stress shall be
interpolated linearly in respect of the size of the
loaded area between the values appropriate to
“small * and ‘ large ’ loaded areas.

C-2.5 Biaxial Bending Stresses — Cases may
arise in which biaxial bending stresses are present.
In these cases the principal values of the bending
stresses shall be determined and the Tresca criterion
applied to determine the equivalent bending
stress, thus:

a) if the principal bending stresses are of the
same sign:
Ge,b = | 0y, (C.3a)
b) if the principal bending stresses are of
opposite sign
O'a,b=]0'nbl+|°'2sbl (C.3b)

The equivalent bending stress shall not exceed
the appropriate value given in G-2.2, G-2.3,
and C-2.4 depending on the size of the loaded area.

The bending stresses shall be computed by
elastic théory, and are allowed as an addition to
the direct or membrane stresses permitted by 3.3,

Table C.1 gives allowable local bending stresses
in shell for the conditions that:

a) membrane stresses have design values
(see Notes 1, 2 and 3);

b) loaded areas extend over not more than

one-third of circumference of vessel ( see
Note 4 ).

TABLE C.1 ALLOWABLE LOCAL BENDING
STRESSES IN SHELL

( Clauses C-2.2.2 and C-2.5)

Weld joint factor J 1 0-85 0-85

Distance between nearest <(m )i >(& )*
welded seam and load-
ed area

any

— allowable local equivalent
bending stresses { see Note 5)
Test conditions controll- 05 fa 0-85fa
ing (local load present
during test )

Design conditions con-
trolling  (local load
absent during test,

or f<<0°5 fa ) S 1-3f

Note | — The criteria which govern the allowable design
stress are stated in 2.2.

Note 2 — Rules for the calculation of the minimum
shell thickness for cases of both simple -pressure. and
combined loadings are given in 3.3.2.

Note 3 — If the shell is made thicker than required
by 3.3.2 so that the membrane stresses are reduced
below the design values, the allowable local - bending
stresses may be calculated from equation (C.2). They
may, however, never exceed 1-91 f.
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Note 4 — If the loaded area extends over more thar § S_ymbo'l

the circumference of the vessel the allowable bending
stresses are reduced ( see C-2.4 and C-2.5 ).

Note 5 — The equivalent bending stress is to be
~ calculated from equation ( C.3a) or ( G.3b ) as appropriate.

TABLE C.2 NOTATION FOR CLAUSE GC-2

SyusoL SieNIFICANCE UniTs
¥ Design stress kgf/mm?2
Ja Design stress at ambient tempera- ‘kgf/mm?
ture
t Thickness of shell plate mm
R Mean radius of shell mm
Y Equivalent value of the bending kgf/mm?3
stresses
Goya Equivalent value of the direct kgf/mm?2
( membranc ) stresses
L)%Y Numerically greater principal kgf/mm?
bending stress
O2,b Numerically smaller principal kgf/mm?
bending stress
i Modulus ( numerical value with- —
out regard to sign ) of
oy Yield ( 02 percent proof ) stress  kgf/mm?
in direct tension at appropriate
temperature
o509 7 See 3.3.24 kgf/mm3

C-3. LOCAL LOADS ON PRESSURE VESSEL
SHELLS

C-3.1 Introduction

C-3.1.1 This section is concerned with the
effects on the shell of a pressure vessel of local forces
and moments which may come from supports,
equipment supported from the vessel, for example,
agitator drives, or thrusts from pipework connected
to branches.

The application of the data to the design of
supports is treated in C-4 and to the design of
branches in G-3.5 with particular reference to
the thrusts due to the thermal forces in pipework
which may be connected to the branch.

The data are presented in the form of charts
in terms of non-dimensional functions of the
variables- so that any convenient system of
consistent units may be used. The units given in
the list of symbols are those recommended for
general use.

C-3.1.2 Notation

Symbol Unit Description
c mm Half length of side of square
loading area.
¢, mm Half side of equivalent
square loading area.
Cy mm "Half length of rectangular

loading area in longitudi-
nal direction,

Gy

A

8

Unit

mm

keffmm?
kefmm?

kgf/mm3

radians

kgf mm /mm

kgf/mm

kgf/mm

radians

Description

Axial length of loading
area - for an external
longitudinal moment ( see
Fig. C.21.).
Jircumférential’ length of
loading area for an exter-
nal circumferential mo-
ment ( see Fig. C.20).
Half length of recrangular
loading area in circum-
ferential direction.
Distance from centre of
applied load to mid-
length of vessel.

Modulus of elasticity.
Resultant longitudinal
stress.

Resultant circumferential
stress.

Rotation of a fitting by an
external moment.

Length of cylindrical part
of shell.

Equivalent length of shell.

External moment applied
to a branch or fitting,

Longitudinal or meridional
bending moment per unit
circumference.

Circumferential bending
moment per unit length,

Longitudinal membrane
force per unit circum-
ference.

Circumferential membrane
force per unit length.

Radius of cylinder or
sphere.

Radius of branch.

Wall thickness of shell.

External load distributed
over the loading area.

Longitudina' distance of a
point in the vessel wall,
from the centre of the
loading area.

Defiection of a cylinder at
load or at any point of a
sphere,

Deflection of a sphere at
the edge of the loaded
area.

Polar co-ordinate of a point
on a spherical vessel.

Cylindrical co-ordinate of
a point in the vessel wall.



The units given above in this clause are the
consistent units recommended for general use and
used in the worked examples. Any other system of
consistent units can be used when it is convenient.
Additional numerical subscripts are used to
distinguish values of My, M s Ny, and N é at

different positions when required.
C-3.2 Radial Loads on Cylindrical Shells

C-3.2.1 Stresses at the Edge of the Loaded Area —
The maximum stresses are at the edge of the loaded
area. Figure C.1 shows a cylindrical vessel subject-
ed to a radial load distributed over a central rectan-
gular area 2Cx x 2C $.

The cylindrical shell wall of the vessel is assumed
to be simply supported at the ends, which means
that the radial deflections, the bending moments,
and the membrane forces in the shell wall are
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assumed to be zero there. Since the stresses
and deflection due to the load are local and die out
rapidly away from the loaded area, this is equiva-
lent to assuming that the loaded area is remote
from the ends.

C-3.2.1.1 Of centre loading — If the loaded
area is distant 4 from the centre of the length of a
vessel of length L, the deflections, bending moments
and membrane forces may be assumed to be equal
to those in a vessel of length L, loaded at its mid-
length. L, is called the equivalent length and can
be found from:

44

Ly=L— oA
Figure C.2 shows a cylindrical shell loaded in this
way and Fig. C.3 gives a graph of —LI‘% against -Z—

which can be used to find L.

F'Cx"r‘c: "‘
‘¢

AXES
L] 7
X

w
B
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t
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Fic. C.3 GrapH For FINDING EQuivaLENT LENGTH L,

C-3.2.1.2 Determination of  stresses — The
resultant longitudinal stress in the shell is given
by:

Ny , 6M.
, Jx= Tx Tz-x
the resultant hoop stress is given by:
¢ 1 2

Nx and ¥ P are positive for tensile membrane
stresses.

M; and M, are positive when they cause com-
pression at the outer surface of the shell.

These quantities depend on the ratios
Axial length of load 2C,

Actual or equivalent length - L

d Circumferential length of loaded area _ 2C¢
an Axial length of loaded area = 26k
For a circular area of radiusr,, C ¢ = Cx= 0857,

gives a safe approximation. Non-dimensional

functions of each can be expressed in terms of the
N2

non-dimensional group; 64 % ((;—" )

The numerical factor 64 is a scale factor with-
out theoretical significance and the value of the
xxpression can be found by calculation or from
Fig. C.4 whenr, t and Cy are known. The moments
and membrane forces are found by interpola-
tion from the graphs of Fig. C.5, C.6, C.7 and
C.8. '

Each of the four graphs in each set is for
a given value of the ratio 2Cx/L and has curves for
four values of the ratio C $ /Cx.

The circumferential moment M 4.' is found from
Fig. C.5.
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The longitudinal moment M, is found from
Fig. C.6.

The circumferential membrane force N, is found
from Fig. C.7. 4

The longitudinal membrane force Ny is found from
Fig. C.8.

A moment is considered as positive if it causes
compression at the outside of the vessel.

A membrane force is considered as positive if’
it causes tension in the vessel wall,

C-3.2.1.3 Effect of tinternal pressure — A con-
servative result is obtained for the total stresses
if the hoop and longitudinal stresses due to the
pressure are simply added to those due to local
radial loads calculated as above.

C-3.2.2 Stresses Away from the Edge of the Loaded
Area — Although the maximum stresses occur at
the edge of the load, it is necessary to find those at
other positions when the effect of one load at the
position of another is required.

This happens:

a) when longitudinal or circumferential mo-
ments are resolved as in G-3.3; and

.b) when loads are applied close together, for
example, if a bracket is fixed close to a
branch.

In general the effect of one load at the position
ot another can be disregarded when the distance
between the centres of the loaded areas is greater
than K,.C; for loads separated circumferentially or

K,.Cx for loads separated axially, where K,
and K are found from the Table C.3 and C ¢

and Cx are for the greater load.

The value of the non-dimensional factor

1
64_:(%‘-) can be found from Fig. C.4.
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Fic. C.4 CHART FOR FINDING 64%( Qf" )

TABLE C.3 VALUES OF FACTORS K, AND K,

Gy 2 K Ky
64 t( r L
04 001 8 8
005 6 8
02 3 4
04 1-5 2
10 0-01 3 8
005 2-5 8
0-2 15 3
0-4 1-5 2
200 0-01 2
3% Negligible 2
04 175
3200 All values Negligible 2:5

C-3.2.2.1 Variation of stress round the circum-
ference — No cxact - analytical treatment of the
variation of stress round the circumference away
from the edge of the loaded area is available. The
following treatment is an approximation suffi-
ciently accurate for practical purposes.

For an experimental verification of it, see
Reference 17.

Consider a radial line load of length 2Ci,
applied at the mid-length of a thin cylinder as
shown in Fig. C.9A. The maximum stresses due
to this load at points away from it are on the
circumference passing through its mid-length as

A in the figure. The radius through 4 makes an
angle ¢, with the line of the load.

The moments and membrane forces at A4,
M, Mg, N e Nx can be found from the graphs

of Fig. C.9, C.10, C.11 and C.12 in which the
functions M¢/W, M, |W, N¢.t/W, and Ngt/W are

plotted against the non-dimensional group ¢,.r/Cx.

The diagram showing the load and its geome-
try, as Fig. C.9A, is repeated on each chart for
convenience.

Line loads are, of course, unusual in practice,
and loads distributed over an area having an
appreciable circumferential width 2C $ are treated

-as follows:

a) Find the value of the function M¢/W,
My W, N ¢t/ W, or Nxt[W at the edge of the

load for the known values of C,/Cx and

2Cx/L from the graphs in Fig. C.5, C.6,
C.7 or C.8.

b) Enter the corresponding graph in Fig. C.9,
C.10, C.11 or C.12 at this value.

The intercept on the curve for 2Cyx/L
gives a value of ¢,.7/Cx = Z; for example, if
64 rft(Cxfr)t =10, 2Cy/L =001 and
C¢/Cx == 1, Fig. C.5 gives M¢/W= 0-185.
Entering Fig. C.9 at M $ |W = 0-185 gives
Z = 055 for 2Cx/L = 001 as indicated by
the dotted lines in the lefi-hand graph of
Fig. C.9.
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c) The value of M é /W at A is then found by Ngt/W can be found in the same way. This

substituting ($,7/Cx — Z) for the actual method is used in order to avoid the use of a
value of ¢,7/C in the same graph. separate set of four charts for each value of C $ /Cx

The other quantities MyjiW, N ¢t’/’ W, and considered.
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For explanation see C-3.2, 64 —‘-(—'— is found from Fig. C.4.
M¢ = Circumferential moment per mm width Cx = } X Axial loading length
W = Applied lnad C¢ -¢ X Circumferential loading lengih
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Diagrams for hoop bending moments and for-
ses are printed up the page to distinguish them
rom those for longitudinal moments and forces
which are printed across the page.

When the centre of the load is away from
the mid-length of the cylinder, the equivalent
length L, found as in G-3.2.1, should be substi-
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tuted for L in all cases.

C-3.2.2.2 Variation of stress along the cylinder —
Consider a radial line load, W, distributed over a
length 2Cx as shown in Fig. C.13A.

Values of M¢, My, .N¢ and Ny at 4 can be

found from the graphs of Fig. C.13; C.14, C.i5
and C.16 respectively.
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For explanation ser C-3.2. 64 T( : ) is found from Fig. C.4.

My = Longitudinal moment per mm width-
W = Applied load

Cx = § X Axial loading length
C¢ = ¢ X Circumferential loading length
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In these charts values of Mg /W, Mx|W, Not/W,
and Nyt/W are plotted against #/Cx for given values
of 64 7/t(Cx/[r)? and 2Cx /L.

The resultant stresses in the shell at 4 are given
by:

The values for x/Cyx less than 1-0, for which no
curves are plotted, fall within the loaded lengths,
and the curves should not be extended into this
region. The values for x/Cy=1 correspond to the
maximum stresses found from Fig. C.5, C.6, C.7

c

N 6M ]
Hoop stress fs_ ¢ 4+ ¢ and C.8 for —2-= 0.
P f‘ﬁ_ t + 12 x
c Nx , 6M, i i i
Longitudinal stress fy = —*4 -—* The loading diagram as Fig. C.13A has been
t ¢ repeated on each chart for convenience.
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For explanation see C-3.2.. 64 X —:— X (

N o= Circumferential membrane force per mm width
W = Applied load

Cx

4

2
) is found from Fig. C4.

Cx = } X Axial loading length
C¢ = § X Circumferential loading length
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. 2
For explanation see C-3.2. 54-%( ‘) is found from Fig. C.4.

Nz = Longitudinal membrane force per mm width
W = Applied load

Fic. C.8 LonGiTupiNaL MeMBRANE ForCE PER mm WipTh

Diagrams for hoop bending moments and for-
ces are printed up the page to distinguish them
from those for longitudinal moments and forces
which are printed across the page,

For a load distributed over an area 2Cx X 2C !

the moments and membrane forces at any value of
x/Cy are reduced in the same ratio as the corres-
ponding values at the edge of the load found from
Fig. C.5, C.6, C.7 and C.8 in the ratio:

Value for actual C ! [Cx
Value for C¢/Cx =0
Example:

A vessel is 2540 mm diameter X 6-096
m long x 12:7 mm thick.

A radial load W is applied to an area 3048
mm X 304-8 mm at the mid-length of the
shell. Find the circumferential moment
at a position 6096 mm from the centre
of the loaded area measured along the
axis of the vessel.

C¢ = Cy = 152'4 mm; r=1270 mm;

=02
C
c—: ?—c" z p-OS
-0v15 . oo
Nyt ' - A ’\.w i
N N
toq N7+0
N AN
™
N N
- 0+095 RIZ-0
04 1 10 100 1000
2
6 £(5+)
-o.]s
C |1 2¢C
I o
0+0
-0°
Nt - 10 ]
w 4
-0+08 = -
N
%0
’ ]
04 1t 0 100 000
2
C
o (%)
r
Cx = } X Axial loading length
C¢ = } X Circumferential loading length
r15=100; Cylr = 0-12;
2x152°4 609-6
2Ce/L ==X 2% 005;x/C; =2ns =4;
oL =556 = 005 #/Cx =155 =4
2
64 L( 9‘) = 90,
t\r

For a line load, interpolating in Fig. C.13
My|W = 0054 at x/Cx = 4.

From Fig. C.5, at the ends of a line load

when
C¢/Cx = 0; 64 1/t ( Cylr )2 =90;
2 Cy/L = 0°05
M¢/W = 0153 and when C¢/ Cx=10
M¢/W = 0072

when the load is distributed over an area
3048 mm x 3048 mm

0072 i
M¢,/W at x = 0054 x 0153 — 0:025
Therefore, the circumferential moment
atx = 0025 W.
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C-3.2.3 The Deflections of Cylindrical Shells Due
to Radial Loads — The deflections of a cylindrical

shell due to a local radial load are required for: -

-a) finding the movement of a vessel shell due
to the thrust of a pipe connected to it, and

b) finding the rotation of a branch due tc a
moment applied by a pipe connected to it
( see C-3.3).
The deflection of the shell due to a radial load
is a function of the non-dimensional parameters

” Erd

in the charts as follows:
Fig. C.17A for values of r/t between 15 and 40.
Fig. C.17B for values of 7/t between 40 and 100.
Fig. C.18 for values of 7/t greater than 100.

and L/r which is given by the full lines

For a central load, L is the actua! length of the
vessel. For aload out of centre, Lis the equivalent
iength Le found as in G-3.2.1.

For a point load, the value of E;’/S

is given by

the full line from the appropriﬁtc horizontal
L/r line in the top right-hand extension of each
diagram as, in the example with Fig. C.17.

For a load distributed over a square of side

2C, the value of SM]/;’ is given by a line joining the

intersections of the Lfr and C/r lines in the top
right-hand and bottom left-hand extensions of
each diagram as shown by the dotted line and
example on Fig. C.18.

The deflection due to a load distributed over a
circular area of radius r, is approximately the same
as that for a square of side 1-7r,.

The deflection due to load distributed ove~ a
rectangular area 2Cx x 2C n is approximately the

same as that for an equivalent_ square of side
2C, where C, is obtained as follows:

C, =V Cy Cxwhen Cx > Cy (C4)
Ci=(Cy)*®x (Cx)"®" when Cy>Cxe- (C5)

Equation (C.4) applies to a rectangular area
in which the long axis is parallel to the axis of the
_cylinder.

Equation (C.5) applies to a rectangular area
in which the long axis is circumferential.

C-3.3 External Moments Applied to Cylin-
drical Shells — External moments can be ap-
plied to the shell of a vessel by the pipework con-
nected to a branch, by a load on a bracket, or by
the reaction at a bracket support.

For design purposes external moments are
considered as follows.

C-3.3.1 Circumferential Moments— A circumferen-
tial moment applied to a rectangular area Cyx 2Cy
( see Fig. C.20) is resolved into two opposed loads
£ W ==

rectangles of sides

acting on

Co

144

c
0 .
2C & x 2Cy, where C $= 6" which are separated

2C

by a distance of - between centres. For a

round branch Cp = 1-7 7, = 2C,.

C-3.3.2 Longitudinal Moments — Similarly a lon-
gitudinal moment, applied to an area 2C, x C,

( see Fig. C.21 ) is resolved into two opposed loads
W= 1-5

C acting on rectangles of sides
Z

C,
2w 4 X 2C, where Cy = ~§z , which are separated

Cy
3
brarch C; = 1'7r, = 2C¢_

C-3.3.3 Mcximum  Stresses — The maximum
stresses due to the moment occur at the outer edges
of the actual loaded area. The circumferential
and longitudinal moments and membrane forces
are given by:

My =My, = My,

My =M, — M,,

between centres. For a round

by a distance of 2

Ng =Ny =N,
-Nx = Nxx “Nxz

The quantities with subscript | are equal to those
for a load W distributed over an area of 20, x

2Cx and are found from Fig. C.5, C.6, C.7 and C.8.

Those with subscript 2 are equal to those due
to a similar load at a distance x=5Cy from the cen-
tre of the loaded area for a longitudinal moment or

5C

r
the centre of the loaded area for a circumferential
moment. These can be neglected if the value of
K,, from Table C.3, corresponding to the value of
2C4/L for a longitudinal moment, or that of K,
corresponding to the value of 2Cx(/L for a cir-
cumferential moment, is less than 5°0. Otherwise
they are found as follows:

For a longitudinal moment:

a) Take x/Cy = 50 and obtain values for a
radial line load from Fig. C.13, C.14,
C.15 and C.16. It may be necessary to
use different values of Lo (see CG-3.2.1)
for the two resolved loads if the moment is
distributed over an area which is not small
compared to its distance from the nearer
end of the vessel.

b) Correct these values for a total circumferen-
tial width equal to 2C 4 3 in example

in G-3.2.2.2.

For a circumferential moment: .

a) Find the values at the edge of the loading
area 20¢ x 2Cy from Fig. C.5, C.6, C.7

and C.8.

at an angle of ¢; =

from the radius through
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C.I7A For r/t Less Than 40 C.I7B For r/t Between 40 and 100

For values of r/¢ greater than 100, see Fig. C.18.
Values of 8 are exclusive of the deflection of the whole shell as a beam,
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3 - 150 4 L 1500 Example:
g_lo ! 3 \ . Ey
L g o Find 355~ for Ljr=10,
¥ " * i
§ % 20 25 30 40 Sah o 199% 50 60 70 80 90 100 v/t =70, Cjr = 0 = point load,
] - r Enter L{r = 10 at right-hand
L § T side of -chart, move horizon-

tally to C/r =0 or point load,
proceed down sloping line 1o
meet vertical line for r/t = 70,
then move horizontally and

read 8§ ﬁ: =17 000.

Fic. C.17 Maxmum RapiaL DEFLECTION OF A CYLINDRICAL SHELL SUBJECTED TO A RADIAL Loap W UnirorMLY

DisTriBUTED OVER A SQUARE 2C X 2C
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For values of r/¢ less than 100, see Fig. C.17.
Values of 8 are exclusive of the deflection of the whole shell as 2 beam.
Fic. C.18 MaxmMum Rapiar DeFLECTION OF A CYLINDRICAL SHELL SUBJECTED TO A
Rapiar Loap W UnirorMLY DISTRIBUTED OVER A SQuAre 2C x 2C
b) Enter the correspondin raph in Fig. . . 33 .
) c.9, C.10, C.11 I:md C.nggatpthis valuge. a circumferential moment or i = —'- for a longi-

The intercept on the curve for 2Cy/L
gives a value of;

¢ _

Cx <

c) The ~values for quantities with subscript
2 are tuen given by the ordinate for
5C,
$ir % & from the same graph.
Cx Cx
C-3.3.4 Rotation Due to External Momenis — It
is sometimes required to find the rotation of a
branch or bracket due to 2 moment applied to

! for

it. This is given approximately by ¢ =
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Ce

t
tudinal moment, where §; is the deflection produc-
I5M

Co

ed by one of the equivalent loads W = or

acting on an area of 2C¢ X 2Cx as defined

in Fig. C.20 or C.21. 3§, is found %om Fig. C.17

and C.18.
Example:
A wvessel is 2540 mm diameter
x 4064 mm long X 12:7 mm thick.
Find the maximum stress due to a
longitudinal moment of 115454 kgf
mm applied to a branch 356 mm
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diameter at the mid-length, and the Cc 152
slope of the branch. For this area : —C',é— =508 — 3;
C, x '
= - = 0'
C¢ 2 85 x 356/2 == 152 C: 508 004
15 M 1-5 x 115454 v T 1270° U
We4 =4+
G 152 x 2 26, 2 x 508
= + 567 kg L" =i = 0:025
W acts on an area 2C ¢x 2Cy,
2
where Cy =-‘é_z ~ 50:8 mm From Fig. C.4, 64 - ( —C;"-) = 10.
1«0
Q-8 //
. //
06 //
05 /
7
c [ JTA -
& ,/
0e3
”
0425 ,/
0e2
015
0e1
0+04 006 0408 Qe Qel5  Qe2 0e3 Q¢4 086 08 10
Cy
T
C.I19A When C¢ is less than C;
1000 s
80 /
6'0 //
50 //
4'0 /
S /
Cx 300
205 //
2¢0
1e§
teQ
i*0 2¢0 40 60 B+0 1000
Co
[N

C.198 When C¢ Is greater than Cyx
Fie. C.19 Grapus For FINDING THE SQuare 2C, X 2C; EQUIVALENT TO A

RecTANGULAR LoapING ARrea 2C, X 2C¢
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Ce
\;v =~ [TA
t ] P
A —
2?/ ! W’\\
o : gk‘:: %Q-_-‘zc, o
R
| Ly L
2R
7 ,
%C_.G.
5Cg

Fi6. C.20 CIRCUMFERENTIAL MOMENT

b C2
W e —
9 4 M1
Lr_. ]
//’ 9
/ w
1-2|c,—— — %Tn‘ -
% // /
j = .
L
2
5Cy
Fic. C.21 LoncrrupiNnal. MOMENT

The direct effect of each load W is
found by interpolating for C F [Cx=3-0
in the charts of Fig. C.5, C.6, C.7 and
C.8 for 2Cx/L = 0-025 which gives:
M¢1/W = 0:09; My, /W = 0-076
N@‘/W = — 0155
Nxt/W = — 014
The effect of one load at the outer edge of the
. -y 2
other is found by interpolating for 64-—:-(9—’5) =10,

r
x/Cx=50 and 2Cx/L=0025 in the charts of
Fig. C.13, C.14, C.15 and C.16 for a radial line
load, and multiplying the results by a correction
factor for the circumferential width of the load as
in C-3.2.2.2. ;

The values interpolated from Fig. C.13 to
C.16 denoted by subscript 3, are:

M¢a/W = 0-065; Mx,/W = 0-012

Nt/ W = + 0025
Nugt/W = — 0:085

148

Quantity  Values for Figure Correction factor
C¢/Cx:O __ value for ColCx =3
Value for C¢[Cy=0
My, : vod .
_nilﬁ 0255 C.5 095 = 0353
My, . 0076
W 016 C.6 016 = 0475
— 0-155
N¢3I/W 018 C.7 — 018 = 0861
— 014
M¢2
Hence W = + 0065 x 0353 = 0-023
.N¢3t/W= + 0025 x 0861 = 0-021 5
“MW’? = + 0012 X 0:475 = 0-005
Nﬁ;‘ = — 0085 x 0824 = — 0:070
M M,
M = M1 Ve
é W w
= 567 (0-09 — 0-023 )
= 567 x 0067 = 38-7 kgf*mm /mm
- My My,
Mx =W [ w W ]
= 567 (0076 — 0:005 7)
= 567x 0'070 3=39-8 kgf- mm/mm
w
N = — N, W —
] 4 ( ¢t ! Nqu t/W)
567
567
= — 7-88 kgf/mm
W[ Nyt Nt
N TT LW T w
567
= o7 (—~ 014+ 007)
= — 3'12 kgf/mm;
.". Maximum hoop stress
‘NqS 6M¢
R
. _ _ 788 6 x 387
e T A VT R VL
=—062 + 1'44
.+ Maximum hoop compressive stress = — 2:06
kgf/mm?; '
Maximum hoop tensile stress = +0-82 kgf/mm?
Maximum longitudinal stress =it‘_ :}:it’jw—‘
o — 312 | 6 x 398
ez 1227 — 127 x 1277
= — 0248 4- 148



Maximum longitudinal compressive stress =

—1-728 kgfj/mm?

Maximum longitudinal tensile stress = - 1232
kgf/mm?

Slope due to moment: For this area C¢ [Cx =3,
and from Fig. C.19B, the half side of the equiva-
lent square C, = 2:8Cx = 2:8 X 50-8= 142 mm

In Fig. C.17B, Cyfr = 1421 270 = 0'112;

Lir = 40641270 = 32;
rft = 1270/12-7 = 100;
whence 3Er/W = 17 000
17 x 10% x 567
2:04 x 10%* x 1270

= 0372 mm

33,
C,
3 x 0372
304-8
= 0003 66
radians,

- 81=

and from C-3.3.4, the slope i =

C-3.4 Local Loads on Spherical Shells

C-3.4.1 Initial Development — This clause is
concerned with the stresses and deflections due to
local radial loads or moments on spherical shells.
Because these are local in character and die out
rapidly with increasing distance from the point of
application, the data derived from references
8 and 9 can be applied to local loads on the
spherical parts of pressure vessel ends as well as
to complete spheres.

For convenience, the loads are considered as
acting on a pipe of radius 7, which is assumed to be
a rigid body fixed to the sphere. This is the condi-
tion for the majority of practical cases.

Loads applied through square fittings of side
2Cy can be treated approximately as distributed
over a circle of radius 7, = Cx.

Loads applied through rectangular brackets
of sides 2Cx and 2C $ can be treated approximately

as distributed over a circle of radius 7o = v/Cx.C 4

The following forces and moments are set up
in the wall of the vessel by any local load or
moment.

a) Meridional moment My — acting per unit

width on a normal section, formed by the
intersection of shell with a cone of semi-

vertex angle ¢ = sin‘lé ( Fig. C.23 and
C.26).
b) Hoop moment M ¢ acting per unit width

on a meridional section passing through the
axis of the shell and the axis of the branch. »

¢) Meridional membrane force —acting per
unit width on a normal section as for the
meridional moment Mx.

IS : 2825 - 1969

d) Hoop membrane force— acting per unit
width on a meridional section as defined
for the hoop moment M¢.
A moment is considered as positive if it causes

compression at the outside of the vessel.

A membrane force is considered as positive if
it causes tension in the vessel wall.

A deflection is considered positive if it is away
from the centre of the sphere.

These forces and moments and the deflection
of the shell due to the load can be found in terms
of the non-dimensional parameters

1-82 x

Vort

S =

and
182 75
Vit

The parameter s defines the position in the
shell at which the force, moment, or deflection is
required.

The parameter u defines the area over which
the load is distributed.

These two factors can be found quickly from
the chart in Fig. C.22 given x, r, and the ratio rft.

Figures C.24, C.25, C.27 and C.28 give graphs
of non-dimensional functions of the deflection,
forces and moments listed above plotted against
the parameter s for given values of # which have
been derived from References 8 and 9.

The full curves in each set of graphs give condi-
tions at the edge of the loaded area where 4 = s,
The most unfavourable combination of bending
and direct stresses is usually found here.

The dotted curves for particular values of u
give conditions at points in the shell away from the
edge of the loaded area where x is greater than
7o and u is therefore less than s.

Since the charts are in non-dimensional terms
they can be used in any consistent system of units.

The stresses and deflections found from these
charts will be reduced by the effect of internal pres-
sure but this reduction is small and can usually
be neglected in practice. ( References 8 and 9. )

C-3.4.2 Stresses and Deflections Due to Radial
Loads — Figure C.23 shows a radial load applied
to a spherical shell through a branch of radius r,.

The deflections, moments and membrane
forces due to the load W can be found as follows
from Fig. C.24 and C.25. For explanation of
these curves, se¢ C-3.4.3. For an example of their
use, see CG-3.4.4. .

a) Deflection; use Fig. C.24 and the relation:

W.r

8 = ordinate of curve X ——-
X “En
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VALUES OF
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Fic. C.22 CuART FOR FINDING 5 AND u

b) Meridional moment M, per unit width can be found as follows from Fig. C.27 and C.28.

from Fig. C.25 and the relation: For explanations of these curves see C-3.4.1.
My = ordinate of My curve x W. a) Deflections; use Fig. C.27 and the relation:
c) Hoop moment M, per unit width from Fig, —_—
¢ M)y 9
C.25 and the relation: 7 o8

M¢ = ordinate ofM¢ curve X W, +3 = ordinate of curve x — En

d) Meridional membrane force Ny per unit b) Meridional moment My per unit width;
width from Fig. C.27 and N, = ordinate of use Fig. C.28 and
Ny curve x Wi, . Mcos 8
My = f EE———
¢) Hoop membrane force Ny per unit width x = crdiate of My curve X |/t
from Fig. C.27 and N¢ = ordinate of N¢ ¢) Hoop moment M 4 per unit width; use
curve X Wit. Fig. C.28 and
C-3.4.3 Stresses, Deflections and Slopes Due 1o o Mcos 8
an External Moment — Figure C.26 shows an ex- M¢ = ordinate of Mzﬁ curve X'"’”Vﬁ‘—
ternal moment applied to a spherical shell through d . . .
: ) Meridional membrane force per unit
a branch of radius r,. width: use Fig. C.28 and
In this case the deflections, moments and mem- ’ g L M oos 6
brane forces depend on the angle § as well as on N, = ordinate of
the distance x from the axis of the branch. They x = ordinate of Ny curve X toort
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- Ny

Fic. C.23 Rapiar Loap AppLIED TO
SPHERICAL SHELL

N

¢) Hoop membrane force per unit width;
Fig. C.25 and

N 6= ordinate of ¥ 4 curve X M cos 8

v
Equal and opposite maximum values of all
the above quantities occur in the plane of the
moment, that is, where § ( Fig. C.26 ) = 0° and
8 = 180°.

The slope of the branch due to the external
moment is found from

1S : 2825 - 1969

of the branch for 8 = 0 and u == s, that is,
M \/ T
¢
=
in Fig. C.27 for x =1, ).

C-3.5 The Effect of External Forces and
Moments at Branches — Large external forces
and moments can be applied to the branches of
vessels by the thermal movements of pipewcrk.,

The stresses due to these are likely to be greatly
overestimated if the forces in the pipe system are
determined by assuming that the connection to the
vessel is equivalent to an anchor in the pipe system.

More accurate values of the terminal forces
and moments can be found if the deflection due to
a unit radial load and the slopes due to unit
longitudinal and circumferential moments distri-
buted over the area of the branch and its reinforce-
ment are known.

These can be found for a given vessel and
branch by the methods given in C-3.2.3 and C-3.3.
Recent experiments in USA, discussed in
Reference 16 have shown that slopes and deflec-
tions calculated in this way are sufficiently accurate
for practical purposes except that the slope of a
branch due to a circumferential moment is about
75 percent of the calculated value because of the
effect of local stiffening by the metal of the branch.

When the loads from the pipework are known,
the local stresses in the vessel shell can be found by
the methods of C-3, except that, in a branch with
an external compensating ring of thickness 2,
subject to a circumferential moment there is an
additional hoop moment in the shell at the edge
of the reinforcing ring to N, (¢ —¢)/4 and

x (ordinate of full curve

iy = 3 Reference 17 recommends that this amount
7o should be added to the value of M é calculated
where 3, is the maximum deflection at the edge in C-3.3.
“0%4 [T
3 &= 1282x
<] Vrt
b e u=0e u= 182
~0e3 (“\\ o] - \/ I'[
N\ 4 L ~u=0e4
K ' FOUND FROM FIG. C-22
N— B NS
wl= ~0s2 N u=Qe9
© RPN
FULL CURVE il % B DA
uss FUORN FU=1e5
o <
- s
0 Bl X
0 0e5 1¢0 1¢5 240 2¢5 30 3¢5 40
S
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Fig. C.26 ExXTeErRNAL MOMENT APPLIED TO
SPHERICAL SHELL

This correction and that to the slope of the
branch given above apply only to circumferential
moments and are due to the effect of the rigidity
of the attachment of the branch which has little
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C4. SUPPORTS AND MOUNTINGS FOR
PRESSURE VESSELS

C-4.1 General Considerations for Supports

C-4.1.1 Introduction — This clause and the two
which follow are concerned with the supports for
pressure vessels and the supports for fittings carried
from the shell or ends of the vessel, with regard to
their effect on the vessel. The structural design of
supports is not included because it can be dealt
with by the usual methods. Convenient reference
for this is IS : 800-1962*.

The supports of vessels and of fittings carried
by the shell produce local moments and membrane
forces in the vessel wall which can be treated by
the methods given in G-3. Notes and cross-refer-
ences for applying these to various types of support
are included. )

The supports of a vessel shall be designed to
withstand all the external loads likely to be imposed.
on it ir addition to the dead weight of the vessel
and contents.

These may include:

a) superimposed loads,

b) wind loads on exposed vessels,

c) thrusts or moments transmitted from

connecting pipework,

influence on the effect of longitudinal moments. d) shock loads due to liquid hammer or surging

The tension at the inside of the shell due to the

of the vessel contents, and

local circumferential bending moment M é is ¢) forces due to differential expansion between

added to the circumferential membrane stress
due to internal pressure, but this stress will not be
present when the vessel is undex hydraulic test.

C-4.1.2 Notation for C-4

Notation
a

A

b

b

¢

C, ... Gy
d

E
f
fi---Sa
Jo

F

H

I

Ki... Kp
L

Unit

kgf/mm?
kgf/mm?
kgf/mm?
kgf/mm?

kgf

mmé

the vessel and its supports.

*Code of practice for use of structural steel in general
building construction { revised ).

Description
Area of effective cross section of -a stiffener for a horizontal
vessel. ‘

Distance from a saddle support to the adjacent end of the
cylindrical part.

Axial length of a dishea cnd of the vessel.

Axial width of a saddle support.

Distance from centroid of effective area of stiffener to the shell.
Constants.

Distance from centroid of effective area of stiffener to tip
of stiffener.

Modulus of elasticity.

Allowable working stress in tension.

Resultant stresses in horizontal vessel due to mode of support.
Nominal stress in dished end calculaied from 3.5.
Resultant of horizontal forces acting on a vertical vessel.

Resultant horizontal force in least cross section of a saddle
support.

Moment of inertia of effective cross section of a stiffening ring.
Constants.
Length of cylindrical part of vessel.
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Notation Unut Description
l mm Length of part of shell of a horizontal vessel assumed to act
with a. rinig, support.
M, kgfmm Bending moment in a horizontal ring girder above its own
support.
M, kgf*mm Bending moment in a horizontal ring girder midway between
its supports,
M, kgf -mm Longitudinal bending moment in a horizontal vessel midway
between supports.
M, kgf num Longitudinal bending moment in a horizontal vessel at its
supports.
? <gfjem? Internal pressure in vessel.
q kgf/mm? Shear stress in vessel shell.
1, kgf/mm? Shear stress in vessel end.
r mm ' Radius of cylindrical part of vessel.
i mm Radius of base of skirt support of vertical vessel.
1y mm Mean radius of horizontal ring girder or of ring support.
t mm Thickness of vessel shell.
¢ mm Thickness of reinforcing plate.
4 mm Thickness of ring stiffeners.
T kgf mm Maximum twisting moment in a horizontal ring girder.
te mm Thickness of vessel end.
| 4 km/h Wind velocity.
w kg Weight of vessel.
w, . kg Maximum reaction at a support.
w kg/m Average weight of a vertical vessel per metre height.
x mm Distance from a support of a horizontal ring girder to the
nearest point of maximum - twisting moment.
y mm Height of the resultant of the horizontal forces acting on a
vessel above its supports.
mm3 Section modulus of the effective cross section of a ring support
for a horizontal vessel.
¢ degrees Included angle of a saddle support.
$ degrees Angie between the radius drawn to the position of a support
and the vertical cen're line of a vessel.
=0
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° A RS s FOUND FROM
~ 18 7 TR FIG. C-22
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] 05 10 15 2:0 295 30 35 40
S
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C-4.1.3 Wind Loads on Eaposed Vessels — The
wind pressure to be expected on a tall vossel
depends on its site, both gcographically and- in
relation to neighbouring buildings or other obstruc-
tion to the wind, and on its total height abcve
ground level.

The values of basic wind pressurcs at different
heights above ground level in the various regions
of [ndia have been given in Fig. 1A and accom-
panying Table of IS: 375-1964¥. For the purpose
of calculating the external pressures acting on the
projected area in the plane perpendicular to the
wind, these values will have to be multiplied by
a shape factor of 07 as recommended in Table 3
of IS : 875-1964*.

The wind pressure found as above is assumed
to act over the whole projected area of the vessel.
The resultant wind load, required for calculating
the réactions at the vessel supports, is assumed to
act through the centre of gravity of the projected
area.

Vibrations due to wind effects can develop
in tall slender vessels without lateral support
and having relatively large natural periods of
vibration. Such vibrations may lead to fatigue
ailure.

Vessels having a natural period of vibration
greater than 0-4 to 0-8 seconds, depending on their
weight and proportions, may require to be
reinforced to avoid this trouble.

Reference 7 gives a design procedure for such
cases and methods of finding the natural period
of vibration of the vessel.

It is not necessary to apply this procedure to
mild steel vessels of uniform diameter, thickness,
and contents unless w.r/t exceeds the critical values
given in the following table:

Ljr 20 30 40 50 60 70 80
w.r/t 740000 104(CO 23800 8940 3720 1490 745

w = weight of vessel in kg per metre height.
Ljr = ratio of height of vessel to radius.

Reference 7 also gives methods for finding the
natural period of vibration of vessels in which the
diameter, thickness or contents is not uniform.
The same design procedure can be applied to
these.

Vessels having a section packed with ring tiles
or coke should be regarded as having non-uniform
contents.

C-4.1.4 Reaction at the Supports — The reactions
at the supports of a vessel can be found by the
ordinary methods of statics except in the case of
long horizontal vessels supported at more than two
postitions. '

The reactions at the supports of vessels subject

*Code of practice for structural safcty of buildings: Load-
ir g standards ( revised ).
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to heavy external loads may need to be exaniined
for the following conditions:

a) Working conditions, including full wind
load and loads due to pipework.

b) Test corditions, including full wind load,
if any, and forces due to the ‘cold pull up;
of any pipes which will remajn connected
to the vessel during tests.

c) Shut down conditions, vessel empty and
exposed to full wind load, if any, and the
forces dwe to ‘cold pull up’ in the pipé
system connected to it.

Anchor bolts shall be provided if there is an

upward reacticn to any support under any of these
conditions.

The theoretical reactions at the supports of
long horizontal vessels supported at more than two
positions can be found by the mnethods used for
continuous beams but the calculated values are
always doubtful because of settlement of the
supports and initial errors of roundness or straight-
ness in the vessel.

C-4.1.5 Brackets — Brackets are fitted to the
shells of pressure vessels either to support the vessel
or some structure which has to be carried fron‘l it
Typical brackets are shown in Fig. C.29. '

The brackets themselves are designed by the
ordmar){ methods used for brackets supporting
beams in structural engineering.

A bracket always applies an extern:
nal mome
to the shell = W,.a. n

The effect of this moment on the shell can be
found by the method given in C-3.3. If the local
stresses found in this way are excessive, a reinforc-

ing plate, designed as in C-4.1.6, should b
between the bracket and the vessel \‘;all. e fitted

In a.ddition to the vertical loads, the brackets
supporting a vertical vessel mav be subject to
tangential forces due to thrusts and moments
transmitted from pipework. Such brackets im-
pose a cl}*cumferential moment on the vessel wall
in addition to the longitudinal moment. The
stresses due to this can be calculated and added t§

.the others but ring or skirt supports are preferable
in cases of this type.

C-4.1.6 Reinforcing Plates — Reinforcing plates
are required when the local stresses in the vessel
shell found as in C-3 for the connection of a sup-
port or mounting is excessive. Figure (.30
shows a typical reinforcing plate applied to a
cylinder. '

. The stresses in the vessel wall at the edge of the
reinforcing plate are approximately equal to those
calculated by assuming the load or moment to be
distributed over the whole area of the reinforcing
plate 24y x 2d 4 and proceeding as in C-3.2.2 for a

radial load or in C-3.3 for a moment.

) A safe approximation for the maximum stresses
in the reinforcing plate, which occur at the-edges
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of the actual loaded area 2C¢ % 2C & is given by the

following procedure:
a) Find the maximum moment M, and My

and the maximum membrane forces N $

and Ny for the same loading applied to a
cylinder of thickness (¢ ¢;) from the charts
of C-3.2.2 for a radial load or from GC-3.3
and C-3.2.3 for a moment.
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b) Find the resultant stresses duc to these by
assuming that the vessel wall and the
reinforcing plate share the moments M

and M, in proportion to the squares of
their thicknesses and the membrane forces
N, and N, in direct propertion o their

thicknesses.

Reinforcing plates for spherical vesseis and the
spherical parts of vessel ends can be designed by
applying the charts of C-3.4.2 and C-3.4.3 in the
same way.

The deflection at a support or fittiug provided
with a reinforcing plate is approximately equal to
the sum of the deflections of the wall of a cylinder
or sphere of thickness ( ¢+t ) loaded over the
actual loaded area, and of the wall of a cylinder or
sphere of thickness ¢ loaded over the area of the
reinforcing plate. These are found from C-3.2.3
for cylinders or C-3.4.2 and C-3.4.3 for spheres
and spherical parts of vessel ends.

The slope due to an external moment can be
found from the deflection calculated as above by
the method given in C-3.3 and G-34.

Recent experimental work, discussed in Re-
ference 17 has shown that there is some stress
concentration near the sharp corners of rectangu-
Rounded corners are,
therefore, preferable.

C-4.2 Supports for Vertical Vessels — This
clause is concerned with the design of supports
for vertical vessels except where the conventional
methods of simple applied mechanics can be used
directly.

The design of brackets used to connect the
vessel to its supports is given in C-4.1.5.

C-4.2.1 Skirt Supports — Skirt supports, as shown
in Fig. C.31, are recommended for large vertical
vessels because they do not lead to concentrated

=
SECTION XX

Fio. C.30 REeINroreiNG PLATE oN CYLINDRICAL SHELL
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local loads on the saell, offer less constraint against
differential expansion between the part of the ves-
sel under pressure and its supports, and reduce
the effect of discontinuity stresses at the junction
of the cylindrical shell and the bottom. Skirt
supports should have at least one inspection
opening to permit examination of the bottom of the
vessel unless this is accessible from belew through
supporting framing. Such openings may need to be
compensated.

In general cylindrical skirt supports should be
designed in accordance with 3.13 but thc critical
stresses for buckling should be checked by the
methods of G=53.2 for large or heavily loaded skirt
supports. The critical load for a conical skirt
support may be found as in G-5.3.1.

Skirt supports may also be appiied to spherical
vessels and to the spherical parts of vessel ends.
The local stresses due to skirt supports in these
positions should be calculated as in C-3.4.

C-4.2.1.1 Overturning moments on skirt sup-
ports — At any horizontal section of a skirt support,
the maximum load per linear millimetre of the
skirt circumference is given by:

N=X

. Omr

F . )
-_{:——rl; = stress X thickness of skirt.
i1

If there is negative value of Ny, anchor bolts
will be necessary because there will be a net mo-

ment of M = Wr, — FY tending to overturn the
vessel about the leeward edge of the skirt support
flange.

For small vessels the anchor bolts can be de-
singed on the assumption that the neutral axis
of the bolt group lies along a diameter of the
support flange, but this assumption leads to over-
design in the case of tall vesseis with large over-
turning moments because the effect of the elasti-
tity of the foundation, which produces an addi-
tional resisting moment, is neglected.

Reference 16 gives suitable design procedures
for such cases.

C-4.2.1.2 Discontinuily stresses at skirt sup-
ports — Th= presence of a skirt support reduces
the discontinuity stresses at the junction of the
bottom and the vessel wall.

Reference 18 gives a procedure for calculating
the actual discontinuity stresses and also the de-
sign of skirt supports for vessels subject to severe
cyclic loading due to thermal stresses.

C-4.2.2 Ring Supports for Vertical Vessels — It
is often convenient to support vertical vessels from
steelwork by means of a ring support in a convenient
position on the shell as shown in Fig. C.32.

Such a ring-support corresponds to one flange

of a bolted joint with the ‘ hub’ of the flange ex-
tending on both sides and with the couple due
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to the bolts replaced by that due to the eccentricity
between the supportiag force and the vessel wall.

All ring supports of this type should rest on
some form of continuous rupport or on steelwork
as indicated in Fig. C.33. They should not be
used to connect vesscls directly to leg or column
supports, but should rest on a ring girdeér or other
steclwork joining the tops of the columns.

C-4.2.3 Leg Supporis for Verticai Vessels — Leg
supports for vertical vessels can, in general, be
designed by the usual methods of applied mecha-
nics, for example, those described in Reference 6
( see C-6).

They should always be arranged as close to the
shell as the necessary clearance for insulation will
permit.

If brackets are used to connect the legs to the
vertical wall of the vessel as in Fig. C.34A they
should be designed as described in C-4.1.5 and
fitted with reinforcing plates il required.

Short legs, cor legs braced together to resist
horizontal forces may impose a severe constraint
on a vessel wall due to differences in thermal
expansion. This constraint can be avoided by
using brackets on the vessel wall provided with
slotted holes to allow for expansion.

It is sometimes convenient to support small
vessels not subject to large horizontal forces by legs
connected to the curved surface of the bottom as
shewn in Fig. C.34B.

The connections of such supports should be
designed to withstand a radial load of W,;/cos ¢,,
where W, is the greatest reaction at the
support. The local stresses due to this load should
be found from the charts of C-3.4 and a
reinforcing plate designed as in C-4.1.6 fitted if
necessary.

C-4.2.4 Ring Girders — The supporting legs
of large vertical vessels and spherical vessels are
often connected to a ring girder which supports
the vessel shell. In some designs the lower part of
a skirt support is reinforced to form a ring girder.
Figure C.35 shaws a typical ring girder.

Such girders are subject to torsion as well as
bending and require special consideration.

When the supporting columns are equally
spaced, the bending and twisting moments in the
ring girder can be found from the following table,
taken from Reference 20:

No. of legs 4 [{] 8 12

Load on'each leg W/4 wie w/8 w2

Max shearinring  W/8 wii2 W16 W24
girder

M,/ Wry ~00342 —00148 —0-00327 —0-003 65

My Wry +0:017 6 40007 51 -+0-004 15 +0:001 90

x/n 0335 0222 ¢f56 0111

T|Wry 00053 06015 0-GO063  9:000 185
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where r, = mean radius of girder,
. . . 7 = the maximum twisting moment in
M, = the bending moment in the girder the girder and,
above a support, . .
x = distance frcm a support to the point
M, = the bending moment in the girder of maximum torsion measured
midway between supports, round the mean circumference,
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Fie. C.32

(A) Legson Side of Vessel

Fig. C.34

Any consistent system of units can be used for
these guantities.

A bending moment causing tension at the
underside of the girder is taken as positive.

The torsion in the girder is zero at the supports
and midway between them and the bending mo-
ment is zero at the points of maximum torsion.
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Fig. C.33 TypicaL STEELWORK UNDER
RiNG SuPPORT
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Lec SurroRTs FOR VERTICAL VESSELS

" C-4.3 Supports and Mountings for Hori-

zontal Vessels

C-4.3.1 General Considerations — Horizontal ves-
sels are subject to longitudinal bending moments
and local shear forces due to the weight of their
contents.
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They are conveniently supported on saddles
( Fig. C.36A ), rings ( Fig. C.36B ), or leg supports
( Fig. C.36C ).

Horizontal vessels should be supported at two
cross sections only whenever possible, If they are
supported at more than two cross sections the dis-

wtlevodtnan of tha wa
tribution of the reactions is affected by small varia-

tions in the level of the supports, the straightness
and local roundness of the vessel shell and the

relative stiffness of different parts of the vessel
against local deflections. It is often preferable to
stiffen a vessel so that it may be supported at two
points only rather than to increase the number of
bupp()i‘ta P\lﬁg supporls arc pi‘fnerauu‘: to saddie
supports for vessels in which support at more than
two cross sections is unavoidable.

The supports of vessels which are to contain
gases or liquids lighter than water should be
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designed to support the vessel when full of water
because of the need for periodical hydraulic
tests, :

The use of leg supports should be confined to
small vessels in which the longitudinal bending
stresses are small compared to the axial stress due
to the working pressure and the local stresses due
to the reactions at the supports, found as in C-3,
can be kept within acceptable limits.

Ring supports are preferable to saddle supports
for large thin walled vessels and for vacuum
vessels.

The mountings and brackets which carry
loads supported from the vessel shell should be
designed as described for vertical vessels in C-4.1.

It may be necessary to provide ring supports
for heavy fittings or structures supported from the
vessel.

NEUTRAL AXIS OF

b RING SUPPORT

b L b
e b] f— ——‘ b, {-—-
e A LFL A —=
W W,
{AYSADDLE SUPPORTS
b - L
- ]
Wi W,

{B) RING SUPPORTS

(CYLEG SUPPORTS FOR SMALL VESSELS
Fic. C.36 TyricaL SurroRTs FOR HORIZONTAL VEsSELS
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C-4.3.2 Saddle Supports — Saddle supports, as
shown in Fig. C.36A are the most frequently used
type of support for horizontal vessels although no
rigorous analytical treatment of them is available.
The methods given in C-3 are not strictly appli-
cable to loaded areas extending over the large
proportion of the total circumference of the vessel
which is usual for saddle supports. The following
treatment which is based on an approximate
analysis discussed in Reference 19. ~ The analysis
gives a good approximation to the results of strain
gauge tests on large vessels ( P.eference 19).

The included angle of a saddle support, 8 in
Fig. C.36A, should not normally be less than 120°.
This limitation, which is imposed by most codes
of practice, is an empirical one based on experience
of large vessels.

Note — The work of Zick (Reference 19) applies to

normal thickness/diameter ratios and errors can occur if

the method is extrapolated to apply to large thickness/
diameter ratios. In such cases, or in cases where doubt
arises, the method to be employed in computing stresses
due to support loads shall be agreed between the pur-
chaser and the manufacturer.

C-4.3.2.1 Longitudinal bending moments and
stresses in the vessel shell — Figure C.37 shows the
loads, reactions, and longitudinal bending moments
in a vessel resting on two symmetrically placed
saddle supports. The bending moments are given
by the following equations:

at mid-span M; =

. 2 _ pe
w,L 1+2(1L“b) 44
41_ { -T (C.6)
4b
1+§Z
at supports M, =
A (rr—b%)
SR ALY T A
— W d 41— .(C7)
L
\ 3L

A positive bending moment found from these
expressions is one causing tension at the lowest
point of the shell cross section. The moment
M, may be positive. in vessels of large diameter
with supports near the ends because of the effect
of hydrostatic pressure ( se¢ Fig. C.37).

L b
When r and — are known, these reduce to

My =W, (CL—-4)
where C, is a factor obtained from Fig. C.38

and
w,A A r

where C; and C, are factors obtained from
Fig. C.39.

IS : 2825 - 1969

Similar expressions for the longitudinal bending
moments can be obtained by the ordinary methods
of statics, for example, References 1, 8,9,10,11 and
12, for vessels in which the supports are not sym-
metrically placed, if W ( the total weight of the
vessel ) is substituted for 2W, in the expressions
for the loads shown in Fig. C.37.

The above expressions for the longitudinal
bending moments can-be applied to horizontal
vessels with other types of support.

C-4.3.2.2 Longitudiral bending stresses at mid-
span — The resultant longitudinal stresses at mid-
span due to pressure and bending are given by
the following expressions:

At the highest point of the cross section,

P M,
5= 1100 ™ e (c8)
At the lowest,ﬂ=2—t%bﬁ+nMT;’t- .. (C9)

C-4.3.2.3 Longitudinal bending stresses at the
saddles — These depend on the local stiffness of
the shell in the plane of the supports, because, if
the shell does not remain round under load, a
portion of the upper part of its cross section, as
shown in Fig. C.40 is ineffective against longi-
tudinal bending.

When the supports are near the end of the
vessel, so that 4 < r/2, the stiffness of the ends is
enough to maintain a circular cross section. Such
shells are said to be stiffened by the ends.

The resultant longitudinal stresses due to
pressure and bending are given by:

a) at the highest point of the cross section
in shells which remain round in the plane
of the support or near the horizontal mid-
plane in those which do not,

£ = pr _ M,
87 o x 100 Kinrt

b) At the lowest point of the cross section,

P M,
fo= 375700 T Kmrt (C.11)

Values of K, and K, are given in Table C.4.

(C.10)

TABLE C.4 VALUES OF FACTORS K; AND K,

CONDITION SaDDLE Ky Ky
ANGLE §
{ DEGREES )

Shell stiffened by end or 120 1 1
rings
That is, A<r/2 or rings 150 1 1
provided
Shell unstiffened by end or 120 0107 0192
rings - :
That is, 4>r/2 and no 150 0161 0:279
rings provided
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Positive values of My are obtained for the following forms and proportions:

Flat ends

Ends with 10 percent knuckle radius

Semi-ellipsoidal ends 2: 1 ratio

-1-:- < 0707

é’ < 044

i: < 0-363

M, is always negative tor hemispherical ends.
(B) Moment Diagram

Fic. C.37 CyYLINDRICAL SHELL AcTING AS BeAM OVER SUPPORTS

Tensile stresses should not exceed the allowable
design stress.

Compressive stresses should not numerically
. Et ..
exceed the allowable design stress or 16 whichever

is the less.

C-4.3.2.4 Tangential shearing stresses — The
load is transferred from the unsupported part of
the shell to the part over the supports by tangential
shearing stresses which vary with the local stiffness
of the shell.

Case 1. Shell not stifiened by vessel end

(A>;—)
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The maximum tangential shearing stress is
given by:
_ KSWI(L‘— 24 -5
1= 4 L4b
This expression does not apply when 4 >L/[4
but such proportions are unusual.

The value of K; depends on the presence or
absence of supporting rings and on the saddle
angle 8. It is given in Table C.5.

The thickness of local doubling plates shall not
be included when using equation ( C.12).

Case 2. Shell stiffened by end of vessel

(4<7)

(C.12)
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VALUES OF &

Fic. C.38 FacTor ror BEnNDING MOMENT AT MID-SpAN
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.

THIS AREA IS NOT EFFECTIVE
AGAINST LONGITUDINAL

BENDING IN AN UNSTIFFENED
SHELL

SADDLE

Fig. C.40 PorTiON OF SHELL INEFFECTIVE AGAINST LONGITUDINAL BENDING

In this case there are shearing stresses in both
the shell and the vessel end, given by:
KW,
T

in the shell (C.13)

q:

KA Wl
€
The values of K, and K, depend on the width

b, of the saddle ( Fig. C.36A ) and on the saddle
angle #. They are given in Table C.5.

in the end (C.14)

qe

TABLE C.5 VALUES OF FACTOR K, AND X,
( Clause C-4.3.2.4)

CoNDITION SappLe K K,
ANGLE
( DEGREES )

A > r[2 and shell unstiffened by 120 1-171 —

rings 150 0799 -—

A > rf[2 and shell stiffened by 120 0-319 —

rings in plane of saddles 150 0-319 —

A >7r[2 and shell stiffened by 120 1171 —_

rings adjacent to saddles 150 0799 —
Shell stiffened by | b, << A< r/2 120 0880 040!
end of vessel 150 0-485 0297
b 120 0880 0880
7 <A<t 150 o485 0485

It has been suggested ( Reference 19), that
the maximum allowable values of the tangential
stresses should be:

¢ = 0:8f in the shell
and ¢p = ( 1'15f— f ) in the end

where f;, = p"DoK[2t x 100 in which K is the
shape factor from Fig. 3.7.

These high values can be allowed because the
resultant combined stresses are local in character
and will be relieved in practice by prestressing due
to local yielding.

The suggested values are empirical and were
derived from strain gauge tests on large vessels.

C-4.3.2.5 Circumferential stresses — Figure C.41
shows the circumferential bending moments dia-
grammatically. There is no rigorous analysis of
these moments and the constants in the following

stress formulae were determined experimentally
( Reference 19).

The circumferential stresses should be evaluated
at the following two positions around the circum-
ference for each vessel investigated:

a) At the lowest point of the cross section.
The stress at this position will be denoted

by fs
b) 1) At the horn of the saddle (where
= 180 — —g- in Fig. C.41) when the
shell is unstiffened by means of rings.
This stress is denoted by f.

2) At the horn of the saddle ( Fig. C.36A)
when the shell is stiffened with rings in
the plane of the saddle.

3) At the equator (a=90°) when the
shell is stiffened with rings adjacent to the
saddle.

When the shell is stiffened with rings, the stresses
in the rings will be denoted by f; and f,. Both
of these stresses shall be investigated.

C-4.3.2.6 For a shell not stiffened by rings — At
the lowest point of the cross section:

'—KISWI

fs= 1(b, + 10¢) (G.15)
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The stress f; at the horn of the saddle depends
on the ratio of length to radius of the vessel.

L —w, 3K, W,
B>>8 fo= o v 100~ 2
e .. (CI6)
L =W, 2K Wr
H-<8 fo= 4t(b, + 10¢) Lz
e (GT7)

Values of K are given in Table C.6 ‘as for
‘rings adjacent to saddle’ and K is found from
Fig. C.42.

These stresses may be reduced if necessary by
welding a reinforcing plate to the shell between
it and the saddle as shown in Fig. C.43.

If the width of this plate is not less than
(b, + 10¢) and it subtends an angle not less than
(6 + 12) degrees at the horizontal centre line
of the cylinder, the reduced stresses at the edge
of the saddle can be obtained by substituting
{(t+t), the combined thickness of shell and
reinforcing plate, for ¢ in the above equations.

The stresses in the shell at the edge of the
reinforcing plate should be checked by equations
(C.15), (C.16 ) and ( C.17), taking the saddle to
have the dimensions and included angle of the
reinforcing plate. Values of Ky can be interpolated
from Fig. C.42, taking Ky =0 when 6 = 180°.
If these are unacceptable both the width and
included angle of the reinforcing plate should be
increased from the minimum values specified above.

C-4.3.2.7 For a shell stiffened by rings

The shell may be stiffened by means of:

a) a ring welded to the inside of the shell in
the plane of each saddle, as shown in
Fig. C.44A, and

b) two rings adjacent to each saddle, welded
either to the inside or outside of the shell,
as shown in Fig. G.44B and C.44C.
Reference 19 suggests that the axial length
of shell between the stiffeners should be not
less than 10 times the shell thickness and
not more than the mean radius of the shell,

The stiffeners shown in the figures are of rectan-
gular section. Stiffeners of other sections may be
used if preferred.

The expressions for the stresses are given below:

— KW
f, = ——2—1_at the lowest point of
Pt(ht 10£) cross section ... (C.18)
at the shell, f, = C‘K71W1" — KS:V‘ .. (C.19)
at the tip of
the ring
remote from
the
shell, f, = Sferd KWy g0

! a

Values of C,, C;, Ky, K, and K, are given in
Table C.6.

The effective cross-sectional area, a, of the
stiffener ( or stiffeners) and the portion of the

MAX BENDING MOMENT
ON EACH RING STIFFE~
NER

WHERE n IS THE
NUMBER OF
STIFFENERS

AN
MAX BENDING \
MOMENT =Mg =Kg W, r

(A) For no Stiffener or for Ring Stiffener
in Plane of Saddle

Fie. C.41
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(B) For Ring Stiffeners Adjacent to Saddle

CIRCUMFERENTIAL BENDING MoMENT Di1aGrAMS



shell which can be assumed to act with them is
indicated by the shaded areas in Fig. C.44A,
44B and 44C.

The moment of inertia I is taken about the
axis X — X parallel to the axis of the shell and
through the centroid of the shaded arca.

Positive values denote tensile stresses and nega-
tive values denote compression.
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The numerical values of the circumferential
stresses found as above should not exceed 1-25
times the allowable working stress in tension.

C-4.3.2.8 Design of saddles — The width &,
of steel saddles ( se¢ Fig. C.36A) should be not
less than 10 x the thickness of the shell. It should
be increased if the circumferential stresses, found
from whichever of the equations (C.15) to (C.20)
is applicable, cannot be accepted.
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15 SHELL
x [ THiCKNESS

(B) INTERNAL RING STIFFENERS ADJACENT TO SADDLE
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THICKNESS
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(C) EXTERNAL RING STIFFENERS ADJACENT TO SADOLE

Fre. G.44 TypicaL RING STIFFENERS

The minimum section at the low point of a

saddle (see Fig. C.43 ) shall resist a force H equal
to the sum of the horizontal components of the
reactions on one-half of the saddle. The effective
cross section resisting this load should be limited
to the metal cross section within a distance equal
to r/3 below the shell and the average direct stress
on this cross section should be limited to two-thirds
of the allowable design stress.

The force H is equal to K W,
Ky = 0:204 for a saddle in which 6 = 120°,
and 0260 for a saddle in which 8 = 150°

The upper and lower flanges of a steel saddle
should be thick enough to resist the longitudinal
bending over the web or webs due to the bearing
loads as in any machine support. The web should
be stiffened against buckling due to vertical shear
forces as for structural beams, and against bending
due to longitudinal external loads on-the vessel.

One saddle of each vessel should be provided
with some form of sliding bearing or rocker in the
following cases:

a) When steel saddles are welded to the vessel
shell.

b) When large movements due either to ther-
mal expansion or to axial strain in a long
vessel are expected.

C-4.3.3 Ring Supports for Horizontal Vessels —
Ring supports for horizontal vessels, as shown in
Fig. C.36B are used where it is important to
ensure that the shell of the vessel close to the
supports -remains round under load. This is
usually the case for:

a) thin walled vessels iikely to distort exces-
sively due to their own weight, and

b) long vessels requiring support at more than
two positions.

The longitudinal bending moments in the shell
and the corresponding stresses can be found in the
same way as for saddle supports from equations

(C.6) to (C.11) in C-4.3.2.

The tangential shear stresses in the shell ad-
jacent to the ring support are given by:

_ 0-319 W,
- b4

The required section modulus of the ring sup-
port is given by:
Ky Wiry
A==

where 1, is the radius through the ceucre of gravity
of the combined section formed by the ring sup-
port and a length of the shell / which can be
assumed to act with it, and £ is the least section

TABLE C.6 VALUES OF COEFFICIENTS
( Clauses C-4.3.2.6 and C-4.3.2.7)

RING IN PLANE OF

RINGS ADJACENT TO SADDLE
P

SADDLE Is

InTERNAL RING Internal Rings External Rings
( FxG.E.«MA) ( Fig. JC:MB) ( Flg C.44C)
"g=120° 9=150° "g=120° §=150° "g=120° 9=150°
C, =1 -1 +1 +1 -1 -1
C +1 +1 -1 ~1 +1 +1
K, — - 0760 0673 0:760 0'678
X, ~0-052 8 0031 6 0057 7 0035 3 0-057 7 00353
Ky 0-340 0303 0263 0-228 0-263 0-228
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modulus of this cross section of the ring.
I= V/rt
K, is found from Table C.7.

TABLE C.7 VALUES OF FACTOR Kj

ANncLE, ¢, Ko ANGLE, @, Ky
DEGREES DEGREES

30 0:075 60 0035
35 0-065 65 0-031
40 0 056 70 0-026
45 0-049 75 0-021
50 0-044 80 0016
55 0039 a5 0-015

90 0-015

Unless a vessel with ring supports works at
atmospheric temperature and pressure, at least
one ring support shall be provided with seme form
of sliding bearing at its connection to the founda-
tion or supporting structure.

C-4.3.4 Leg Supports for Horizontal Vessels — Leg
supports are only permitted for ‘small’ vessels by
the usual codes of practice because of the severe
local stresses which can be set up at the connec-
tion of the support to the vessel wall.

This connection should be designed for a radial
load= W, [cos ¢, (Fig. C.36C) by the method
given in C-3.2.2 and provided with a reinforcing

. plate to spread the load over a sufficient area to
avoid excessive local stresses. For the design rein-
forcing plates, see C-4.1.6.

Leg supports may be made of any convenient
form, and no definite limit can be given for the
maximum size of vessel to which they should be
applied.

The permissible values of the local stresses set
up near the leg support are laid down in 3.3.2.4
( membrane ) and C-2 ( bending ).

C-5. THE STABILYTY OF
VESSELS

THIN-WALLED

C-5.1 Introduction and Notation

C-5.1.1 Introduction — This section is concerned
with the critical loads leading to the collapse of thin
shells by buckling due to compression caused by
axial force and bending moments. A thin shell
is one in which the thickness is less than one-tenth
of the radius.

Allowance is made for out-of-roundness but
the critical stresses so determined should be used
with a suitable safety factor. The data given for
the effect of out-of-roundness can also be used to
assess the safety factor against collapse of a vessel
having known deficiencies.
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The effect on stability of the local stresses near
the ends of a closed cylinder is neglected.

Some conical shells designed to current codes
of practice will be found to have very small safety
factors when the method of C-5.3 is applied to
them. This is because these rules are not suitable
for all proportions of cones. ( For a comparison
of current code rules for conical shells with experi-
ment, see Reference 5. )

C-5.1.2 Notation

Notation Unit Description

a, mm Average maximum radial
departure of a cylinder from
its true cross section

b — Ratio, greatest difference
between actual and nominal
radii and thickness of shell

D mm External diameter of cylinder

Dy, mm Major diaineter.of an out-of-
round cylinder

Digin mm Minor diameter of an out-of-
round cylinder

e mm Eccentricity of axial load

E kgf/mm?® Modulus of elasticity of shell

fe kgf/mm?® Critical stress

‘e kgf/mm? Value of f; for an imperfect

shell

fm kgf/mm? Maximum stress due to com-
bined bending and axial
loading

fy kgf/mm? Yield stress of material

ky — Factor for failure by ‘Euler’
buckling under axial load

k, — Factor for failure by local
buckling under axial load

kg _ Factor for type of edge
support )

K — Factor for finding unevenness
factor U

l mm Length of cylindrical shell

m — Rat:xo of circumferential and
axial wave lengths

M kgf'mm  External moment acting on
vessel

N — Number of circumferential
wave lengths in circum-
ference of vessel

r mm External radius of shell

t mm ‘Thickness of shell

U —_ Unevenness factor

w kg Total axial load on shell

W, kg Critical axial load on a
conical shell

« degrees  Semi-vertex anglc of a coni-
cal shell

v — Poisson’s ratio

171



1S : 2825 - 1969

C-5.1.3 The Unevenness Factor for Imperfect
Cylinders — The strength of thin cylinders to resist
compression due to axial loading is severely
affected by out-of-roundness. The article deals
with the determination of the basic unevenness
factors used in the remainder of this section.

The basic unevenness factor U is given by the
equation ( see Reference 3 ):
2 2
U = a‘-,ﬂll's.N2 (Tt) = Ku.ao(%) ves (0.21 )

where g, is the mean radial deviation from a true
cylindrical shape ( Fig. C.45 ), Nis the number of
wavelengths of circumferential waves formed in
buckling, and m is the ratio of the circumferential
and axial lengths of the wave formed by buckling.

14
m-_-l‘ﬁ.—l— . (C.22)

-é—.N is a function of ——i—

V't
the values of ir—.N and the factor Ky can be found
l
Vrt
To use this chart enter the graph at the value of

from the chart of Fig. C.46 when is known,

—i_; on the top left-hand scale.
rt

The intercept on the left-hand curve gives the
value of —:—N on the vertical scale. A horizontal

line from this intercept to the diagonal line for the

given value of r/l gives the value of K which

is read from the bottom scale. These graphs are

drawn to a log-log scale and the scale of a slide rule

72: be used for interpolation. The dotted line on

he chart indicates this procedure for a cylinder
in which:

l

e

For vlaues of r/l outside the range of the chart,

the value of % N found from the left-hand curve

can be used to find V. The value of m, obtained
by substitution in equation C.22, enables cquation
C.21 to be solved for U when g, is known.

g v _P_M_-x;;i’_& ..(C.23)

= 78 and r/l = 1-36

For new designs, the values of Dy, and Dy,
should be found from the maximum departures
from a true cylindrical shape allowed by the speci-
fication for the vessel and the amount of any de-
fections due to external forces found from C-3.2.3.

When assessing-existing vessels for new duties,
Dysec and D)y, should be found by measurement,
but deflections due to external loads present under
operating conditions may also have to be
considered.

When there are no large deflections due to
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external loads and ordinary manufacturing imper-
fections only are present, the following typical
values of U may be used:

Case Range of Values

of U
1:5%x 104 to 3 x 10—+
3x 104 to 5x 10~¢

Machined cylinders

Cylinders carefully rolled
from good plate

Cylinders rolled from
commercial plate

5x 104 to 10x 10—

The  good plate’ in the table above is plate which
has been specially flattened before being rolled to
a cylindrical form.,

q—5.2 Thin Cylinders Under Axial Compres-
sion

C-5.2.1 Initial Development — A thin cylinder
under axial compression may fail in one of the
following three ways:

a) By plastic yielding when the stress in the
material reaches the yield stress.

b) By buckling of the complete cylinder as a
strut ( Euler buckling ).

¢) By local buckling with the formation of axial
and circumferential waves on the surface.

Table C.8 gives the conditions for these modes
of failure and the transitions between them.

C-5.2.2 Critical Stress Factors for Axial Compres-
sion — The factor k£, depends on the end conditions
for the cylinder as a whole. Values of k, are given
in Table C.9.

The factor k, depends on the initial imperfec-
tions of the cylinder. It is found from the non-

%and %r_ by means of

the graphs of Fig. C.47.

The unevenness factor U is found from the
formulaec of C-5.1.3 and the factor K, from
Fig. C.46.

C-5.2.3 Combined Bending and Direct Axial
Stress — The highest compressive stress occurring
in a cylinder subjected to an axial load W and a
bending moment M is given by:

_w 2¢ M
Ju = 2.t [I+T:I+ writ

M is any superimposed bending moment which
may arise from:

a) wind load on a vertical exposed vessel,

b) pipe anchor forces, or

c) weight of contents of a horizontal vessel.

dimensional factors

The maximum stress fp, should be limited to
the lowest critical stress found as above divided
by an appropriate safety factor.

The moment M in the equation above is in

kgf.mm.



C-5.3 Stability of Conical Sheils

C-5.3.1 Local Buckling Under Axial Compression —
An ideal right circular frustum of a cone of cons-
tant thickness ¢ and semi-veriex angle o will fail
by local buckling under a critical load given by:

_2x Et? cos’x

- v 3_(T —7?)
whence Wo ~ 7:75 x 1042 cos?« for mild steel
( Reference 4 ).

We

For imperfect cones the value of W, found as

IS : 2825 - 1969

‘above should be multiplied by the imperfection

factor k, found as in G-5.2.2 for the mean. value

r
of —.
4

For a complete cone this is equal to -2%; for

a frustum of radii ; and r,, it: =h -2’_‘ i

The unevenness factor U is found as in C-5.1.3,
by taking ! equal to slant height of the cone or
frustum.
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TABLE C.3 COMPARISON OF MODES OF FAILURE
( Clauses C-5.1.3 and C-5.2.1)

Mobe or PLAsTIC EuLzr LocaLr
FaAiLurL YIiELDING BuckLiNG BuckiiNG
) 2 42 3
Ciritical stress Je=fy Je = k}——E— . 7_‘7’ fe= _-:,:‘-'-;.E; Lt
2 4 V3il—e?) 7
Conditions for transition between modes of "7 failure
Plastic yielding to Euler buckling to Plastic yielding to
Euler Buckling local buckling local buckling
4o AJEE PR T . Tl L VA Sy
r 2 fy r 2 ky 12 r ky E
For mild steel For mild steel For mild steel
kyr? t 0-001 92
by AP
r 2

i = — t .
-~ > 6 Vi - <815 FE
Reference 2, Chapiers II and IX; and Reference 3.
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APPENDIX D
( Clauses 2.3, 3.1 and 3.8.2)

TENTATIVE RECOMMENDED PRACTICE FOR. VESSELS
REQUIRED TO OPERATE AT LOW TEMPERATURES

D-1. GENERAL

D-1.1 The ductility of some metals, including the
carbon and low alloy steels referred to in this
standard, is significantly diminished when the
operatin3 temperature is reduced below some cri-
tical value. The critical temperature, commonly

described as the transition temperature, depends
upon the material, method of manufacture, pre-
vious treatment and the kind of stress system pre-
sent. Fracture occurs at temperatures above the
transition temperature only after considerable
plastic strain or deformation. Whilst below the
transition temperature, fracture may take place
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in a brittle manner with little or no deformation.
Britile fractures are likely to be extensive and may
lead to caiastrophic fragmentation of a vessel.

D-1.2 Itis kelizved that the transition temperature
of any given material is raised as the stress system
approaches a uniform triaxial tensile state. For
instance, material which has failed—by Lrittle
fracture will usually be found to show normal
ductilitv, even at temperatures below that at
which failure occurred, in a standard tensile or
bend test, but similar specimens, if notched hefore
testing, would be quite likely to break in a brittle
manner. Thus constructional features producing
a noich effect or sudden change of section are
particularly cbjectionable in vessels designed for
low temperature operation, since they may create
a state of stress such that the material will be
incapable of relaxing high localized stresses by
plastic deformation. For this reason the pro-
perty of interest is described as notch ductility.

D-1.3 Many tests to determine the notch ductility
of steels have been proposed but none has as
yet been completely correlated with service ex-

erience. The most convenient test is as given in
18:1757-1961*.

D-1.4 In most oi the tests currently used to deter-
mine notch ductility the transition from ductile
to brittle behaviour takes place over a range of
temperature rather than at a single temperature.
1t is considered that an impact value of 2 kgf.m
as determined by the method prescribed in
1S: 1757-1961* at the service temperature will
have adequate notch ductility for use in fusion-
welded pressure vessels,

D-1.5 Notch ductility is an extremely variable
property of steel and mild steel, in thicker plates,
made in accordance with current specifications
for steel for pressure vessel construction may show
a Charpy 2 kgf.m “V’ notch transition temperature
higher than normal atmospheric temperature.
The safe record of the use of such steels shows that
materials regarded as notch brittle can be used
satisfactorily if the design working stresses, cons-
truction, and workmanship are suited to the pro-
perties of the particular material. Thus it is
apparent that notch ductility is not necessatily
an absolute requirement for all materials to be
used for the manufacture of pressure vessels.

D-1.6 Consideration. of service experience and the

large amount of experimental work carried out

confirms that brittle failures are not likely to occur

except when both the following conditicns occur
simultaneously:

a) The material exhibits very little noteh

ductility at the service temperature; and

b) A tensile force, which may be produced by

applied loads or residual stresses, of a mag-

nitude sufficient to cause plastic deformation

is present at an existing crack or other se-

vere notch. A brittle fracture will not

propagate unless the general tensile mem-

*Method for beam impact test ( V-notch ) on steel.
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brane stress is sufficiently high to supply the
necessary energy. Thus vessels in refri-
gerant service will not normally require
any special precautions where the operat-
ing pressure is temperature dependent and
hoop stresses are small at operating tem-
peratures.

It is considered that the first condition will be
eliminated when the relevant impact testcd ma-
terial is used; the second condition will not occur
in vessels designed and constructed in accordance
with the requirements of this standard except
possibly adjacent to welded seams in vessels not
stress-relieved.

D-1.7 After consideration of these factors, it is
recommended that the following minimuwm re-
quirements should be satisfied in vessels designed
to operate at low temperatures. It is recommended
that manufacturers carry out preliminary tests
to confirm that the properties—especially notch
ductility—of the materials used will not be damag-
ed by treatments involved in the fabrication of
1e vessel. Tests to determine the characteristics
of welding electrodes should take into account the
effect of variations in welding position and the
effect of scatter of results should be considered.

D-2. MATERIALS AND DESIGN STRESSES

D-2.1 Materials anu design stresses shall be in
accordance with the requirements of Tables
D.1 and D.2.

D-2.1.1 Because the liability of a given material
to brittle fracture depends on the stress level and
in some vessels because of the service conditions
pressure at low temperatures is necessarily much
lower than that at, for instance 0°C, two cases are
considered:

a) That in which the pressure at the sub-zero
design temperature is not less than that
which would be permitted for the vessel
at 0°C by this standard; and

b) That in which the pressure at low tempera-
tures will be considerably below the pres-
sure permitted at 0°C (for example, in
refrigerating equipment ),

D-2.2 Operating Pressure at Low Tempera-
ture Equal to Design Pressure at 20°C —
Table D.1 sets out the limits of operating tempera-
ture for vessels designed in accordance with 3
at stress levels in accordance with 2.2 ( see also
Table D.2 ). These linits are dependent on the
grade of stecl, the thickness of the steel where it is
welded and whether the vessel is stress-relieved.,

D-2.3 Operating Pressure at Low Tempera-
ture Less Than Design Pressure at 20°C —
Special considerations govern equipment which
normally operates at low temperatures and pres
sures but is necessarily designed to withstand the
pressure which may arise, for instance, during
shut-down periods, ‘when the equipment warms
up and thevapour pressyr€ of the contents rises.



D-2.3.1 Such equipment shall be designed
according to 3 using design stresses in accordance
with 2.2 (see also Table D.2) for the highest
pressure which may occur in it. It shall
then be verified that the nominal stresses
calculated in accordance with 3 do not exceed
the appropriate values given in Table D.2 for all
combinations of pressure and temperature which
may occur at temperatures lower than the limiting
value given in Table D.1 appropriate to the pro-
posed material, thickness and whether stress-
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some low temperature is higher than that permitted
by Table D.2, the proposed design is unsuitable,

D-3. POST-WELD HEAT TREATMENT

D-3.1 Post-weld heat treatment greatly reduces
the lability of ferritic steel equipment to brittle
fracture. As indicated in Tables D.1 and D.2
certain combinations of steel, thickness and tem-
perature are only permitted if post-weld heat
treatment is applied.

relieved.

Where post-weld heat treatment is mandatory,
D-2.3.2- If it is found that the stress level at

it shall be carried out in accordance with 6.12,

TABLE D.1 MINIMUM ALLOWABLE OPERATING TEMPERATURES
( Clauses D-2.1, D-2.2, D-2.3.1, D-3.1, D-5.1 and D-6.5)

( See Table D.2 for vessels operating under reduced pressure at low temperatures )

MATERIALS CHARPY THICKNESS MINIMUM ALLOWABLE ReMARKS
pu A —=— V-NotcH ImpacT mm OPERATING  TEMPERATURE °C
Description Type, Reference and VALUE As DETER- ~ —A \
Grade MINED BY THE Welded Seamless
MeTtHoD Given Vessels not  Vessels, Welded
N IS: 1757-1961 Stress-Relieved  Vessels Stress-
AT TEsT TEMPER- by Heat  Relicved by Heat
ATURE IN kgf'm Treatment  Treatment and
( AVERAGE OF 3 . See also Lolting
SPECIMENS ) Table 6.3)
Carbon steel Grade 1 of Not specified Not exceeding 12 -30 —50 Plate ma-
: 1S:2002-1962 terial only
Not exceeding 18 —20 —40
Not exceeding 25 —10 —30
Not exceeding 30 0 —20
Over 30 0 0
Grade 2A of Not specified Not exceeding 16 0 —-30 Plate ma-
1S:2002-1962 terial only
Bars for bolting, Not specified — — -30 Bolting
material conform- bars
ing to Grade'l of
1S:2100-1962
Grade 1 of Not specified Not exceeding 12 —40 —60 Wrought
1S:2100-1962 Not exceeding 18 —30 = material
Class 2 of Not exceeding 25 —20 —40 only
IS : 2004-1962 Not exceeding 30 ~10 -30
Over 30 ~10 -10
Class 3 of Not specified Not exceeding 12 —30 —-50
1S : 2004-1962 Not exceeding 18 ~20 —40
Not exceeding 25 —-10 ~30
Not exceeding 30 0 -20
Over 30 0 0
Grade 2 of Not specified — 0 0 Castings
IS : 3038-1965
Carbon-manga- Type 2 of Not specified Not exceeding 12 —~30 —50 Plate ma-
nese steel IS:2041-1962 Not exceeding 18 —20 —40 terial only
or Not exceeding 25 ~10 —30
Grade 2B of Not cxceeding 30 0 —20
1S : 2002-1962 Over 30 0 —20
20Mn2 of 48 (lIzod) Not exceeding 12 ~30 —50 Forgings
IS : 4367 - 1967 at room Not exceeding 18 —20 —40 - only
temperature  Not exceeding 25 —10 -30
Not exceeding 30 0 —-20
Over 30 1] 0
Impact tested Grade I of 2'1 at —40°C  Not exceeding 30 —20 Castings
ferritic  steel IS : 4899-1968 Over 30
castings Grade II of 21 at —=50°C  Not exceeding 30 —30
1S:4899-1968 Qver 30
Grade III of 2:1 at —60°C  Not exceeding 30 —40

1S : 4899-1968

Over 30
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D-4. DESIGN

D-4.1 Care should be taken to avoid notches and
the use of details which produce local areas of
high stress, for example, lugs, gussets producing
discontinuous stiffening, and sudden change in
section. Rings for supporting internal equipment
or lagging should be continuous.

Vessels which will. be subject to frequent
fluctuations in temperature of appreciable
magnitude should be the subject of special consis
deration ( for example, refrigeration vessels where
low temperature liquid refrigerant is suddenly
replaced by warm refrigerant vapour at regular
intervals ).

D-5. WELD METAL AND HEAT AFFECTED .

ZONE

D-5.1 Charpy V-notch impact tests shall be made
on specimens cut from the weld and the heat
affected zones when the design temperature
is less than 0°C and operating conditions
lie outside the limits permitted in Tables D.1
and D.2, Impact tests shall be carried
out in accordance with IS:1757-1961%. The
specimen shall show a minimum Charpy V-notch

*Method for beam impact test ( V-notch ) on steel.

impact strength of 2:8 kgf*m ( taken as an average
of three specimens with no individual value less
than 2 kgf.m ).

D-6. MANUFACTURE AND
WORKMANSHIP

D-6.1 All cut edges should be machined or ground
where necessary to remove the effect of previous
shearing, chipping or flame-cutting.

D-6.2 The ends of branch pipes and other open-
ings in the vessel shell should be ground to a
smooth radius after all welding is complete.

D-6.3 Any arc flashes should be ground out and
welds used for the attachment of erection cleats
should be ground flush with the plate surface.

D-6.4 It is suggested that portions of vessels
incorporating connections or access openings larger
than 250 mm bore, or complicated support
details, should be stress-relieved as sub-assemblies
if the vessel is not to be subsequently stress-relieved.
Marking of the vessel or components by hard
stamping shall be avoided.

D-6.5 In cases where temperatures given in Tables
D.1 and D.2 coincide or the ranges overlap the
values given in Table D.1 govern. At all lower
temperatures Table D.2 governs.

TABLE D.2 ALLOWABLE OPERATING TEMPERATURE/STRESS CONDITION FOR VESSELS
WHERE RESTRICTIONS GIVEN IN TABLE D.1 ARE NOT SATISFIED

( Clauses D-2.1, D-2.2, D-2.3.1, D-2.3.2, D-3.1, D-3.1 and D-6.5)

( Applicable to cases where pressure is due solely to vapour pressure of coutents )

PLATE THICKNESS

MAXIMUM ALLOWABLE STRESS AT TEMPERATURE, kgffmm?2

.

mm r

Welded Vessels not Stress-Relieved

by Heat Treatment
AL

Scamless Vessel and Vessels Stress-Relieved
by Heat Treatment
L

*_60°C —50°C —-40°C —30°C —20°C —10°C 0°C

B k]

260°C —50°C —40°C —30°C —20°C —10°C 0°C

Not exceeding 12 1'05 141 176  2'10 * * 246 281 * * * * *
Not exceeding 18 070 1105 141 1’76 210 * 2210 246 281 hd * * *
Not exceeding 25 035 070 105 J41 176 210 * 176 210 246 28 * * *
Not exceeding 30 — 03 070 105 14 I'76 210 — 1’76 210 246 28] * *
Over 30 Post-weld heat treatment required — — 176 2010 246 264 281

Note—~The above table applies in the case of vessels where the vapour pressure/temperature characteristics of the fluid
are such that the design stresses listed above are not exceeded at any temperature below the values given in Table D.l

for the corresponding material.

Stress values for intermediate temperatures may be obtained by linear interpolation.

#Stress values given in Table A.1 shall apply.

APPENDIX E
( Clauses 3.1, 3.1.3.2 and 3.8.2)

TENTATIVE RECOMMENDED PRACTICE TO AVOID FATIGUE CRACKING

E-1. GENERAL

E-1.1 During service, important parts of pressure
vessels may be subjected to cyclic or repeated
stresses. Such stresses can be caused by the
following: '

a) Periodic temperature transients,

b) Restriction of expansion or contraction
during normal temperature variations,
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c) Applications or fluctuations of pressure,
d) Forced vibrations, and

e) Variations in external loads.

Fatigue cracking will occur during service if

endurance limit of the material is" exceeded for
the particular level of cyclic or repeated stress,

E-1.2 When the expected number of cycles of
stress durirg the service life of any integral part



of a pressurc vessel may exceed the endurance
limit, the level of cyclic stress and for the expected
number of cycles should be reduced to fall
reasonably within the limit.

E-1.3 Corrosive conditions are detrimental to the
endurance of the vessel material. Fatigue cracks
may occur under such conditions at low levels of
fluctuation of applied stress. Since the tensile
strength of a steel has little or no effect upon the
fatigue strength under corrosive conditions the use
of high strength steels in severe corrosion fatigue
service will offer no advantage unless the surface is
effectively protected from the corrosive medium.
Where corrosion fatigue is anticipated it is espe-
cially desirable to minimize the range of cyclic
stresses and carry out inspection at sufficiently
frequent intervals to establish the pattern of
chaviour.

1.4 A detailed analysis of the cyclic stresses in
a/pressure vessel and interpretation in terms of
satisfactory service life is usually tedious and time
consuming. When such estimates are required,
the purchaser should inform the manufacturer.
The manufacturer should arrange for the cal-
culations to be made, the purchaser having access
to any part of the calculations relating to the
final assessment,

E-1.5 There is a lack of data on the influence of
creep on the endurance of the construction ma-
terial under cyclic stress. Where a pressure
vessel is intended for cyclic operation within the
creep range of the material, the range conditions
should be agreed between the purchaser and
the manufacturer having regard to the available
service experience and experimental information.

E-1.6 The following notes relate to pressure

vessels which operate at temperatures below the

creep range of the material of construction:

a) In general, a detailed analysis need not be
made when the design is based on previous and
satisfactory experience of strictly comparable
service;

b) A fatigue test or tests have been made
to demonstrate the reliability of the design;

¢) The recommendations which are detailed in
the following parts of this section are satisfied; and

d) Where strains have been determined ex-
perimentally and shown to be below the endurance
limit for the required life.

E-2. PRESSURE CYCLING

E-2.1 A cycle of pressure loading is represented
by either each loading and unloading of a vessel
or any single pulsation or fluctuation of pressure.

E-2.2 For a vessel which operates at constant

pressure and at a steady temperature below the

creep range for the material, the expected number

of cycles N due to start up and shut down during

the life of the vessel should not exceed:
Ne= [ 1'4(3000 — T) 7

oK —F (E.1)

IS:2825-1964

where

T = the temperature in °C corres-
ponding to application of the
cyclic or repeated stress;

f= the design stress in kgf/mm? at
a temperature of 7°C;

K = the theoretical stress or strain con-
centration factor of any opening,
attachment, etc; and

Jr = the range of nominal cyclic stress
in kgf/mm?2,

E-2.3 Where the stress concentration factor K

is not known, a value of 4 may be assumed. In
no case thall K be taken as less than 2.

E-2.4 For a pressure vessel which is subjected to
pressure fluctuations in addition to the conditions
defined in E.2.2, the requirement is that:

i RTINSO, B .
JV1+ N, + A + N, +...etc <1-0... (E.2)

where

n, ny, N, m, etc, are the expected
numbers of cycles of stress for the ranges
of pressure fluctuations; and

Ny, Ny N, N, etc, are the limiting
numbers of cycles calculated by equation
(E.1) for the corresponding ranges of
cyclic stress (ranges which give

QfLOi < I'l may be neglected ).

E-2.5 The ratio of the expected number of cycles
to the limiting number of cycles of stress for start-
ups and shut-downs of the pressure vessel
should be included in equation E.2. However,
cycles due to pressure tests can be neglected.

E-3. CYCLIC THERMAL STRESSES

E-3.1 Pressure vessels which operate at elevated
or sub-zero temperatures should be heated or
cooled slowly and should be efficiently lagged to
minimize temperature gradients in the shells.
Rapid changes of shell temperature should be
avoided during service.

The vessels should be able to expand and con-
tract without undue restraint.

E-3.2 Provided the above conditions are okserved
estimates of thermal stresses due to temperature
changes need not be specially considered. Where
slow rates of heating and cooling cannot be em-
ployed or temperature transients during service
may cause rapid local heating or cooling, the
following limitations are recommended;

a) During start.up and shut-down the
difference in temperature within a distance
equal to twice the thickness of the shell
should not exceed 60°C near disconti-
nuities or 150°C at yniform sections.

b) Temperature differences due to temperature
transients repeated periodically during
service should be limited to similar levels.
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E-4. FORCED VIBRATIONS

E-4.1 Pulsations of pressure, wind excited vibra-
tions or vibrations transmitted from plant ( that
is, rotating or reciprocating machinery ) may cause
vibrations of piping or local resonance of the shell
of a pressure vessel. In most cases these cannot
be anticipated at the design stage, It is therefore
advisable to make an examination of plant follow-
ing initial start-up. If such vibration occurs and is
considered to be excessive, the source of the vibra-
tion should be isolated or stiffening, additional

support or damping introduced at the location of
the local vibration.

E-5. FINISH OF PRESSURE VESSELS

E-5.1 Where a pressure vessel is intended to
operate under cyclic load during service, fillet
welds and irregularities should be dressed smooth.
Any square edges at junctions between branches
and the inside surface of the shell should be
radiused.

APPENDIX F

( Clause

3.3.3)

ALTERNATE METHOD FOR DETERMINING SHELL THICKNESSES OF CYLINDRICAL
AND SPHERICAL VESSELS UNDER EXTERNAL PRESSURE BY USE OF CHARTS

F-1. NOTATION

F-1.1 The following notation is used in the design
of spherical and cylindrical shells subject to external
pressure:

Aand B = Factors obtained from the ap-
propriate chart for shell thickness
tor vessels under external pressure.,

= Outer diameter in mm,

== Effective length (see Fig. F.1)
in the case of cylindrical shells
it is the maximum of the following
values and is measured parallel
to the axis of the shell in mm:
1} The distance between head
bend lines plus one-third the
depth of each head, when no
stiffening rings are present,

2) The maximum centre distance
between two adjacent stiffen-
ing rings.

D,
L

n

MOMENT AXiS OF RING
h
t 3
by A_/\l i _.1 ’

3) The distance from the centre
of the nearest stiffener ring to
the head bend line plus one-
third the depth of the head.

Ry = Inside radius of spherical shell in
mm,

¥/ == Design pressure in kgf/cm?,

t = Minimum thickness of shell plates

in mm, exclusive of corrosion or
other allowances,

F-2. CYLINDRICAL SHELLS

F-2.1 The required thickness of a cylindrical shell
under external pressure determined as follows:
Step l—Assume a value for ¢, Determine the
ratio L/D, and D,/t.

Step2—From the chart determine the intersec-

tion of the lines representing L/D,
and Dy/t.

< T T

e
L~
Do

DR I—

=

=

T

L—— L —edar | L L L h
j |
AL N ] L
N T ' h k )
= h.J
£ J
. 1 ‘
i : ‘|' ! i x h=DEPTH OF HEAD
T “i"'“{*'? 1 %
Lt A 4 —_ 1 1
& . pS —
— ] L L '

Fre. F.1
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Step 3—From this intersection point move
vertically to the material line for the
design temperature.

Step 4—Find the value of Factor B correspond-
ing to this point of intersection.
Compute the allowable working pres-
sure p, .by formula pg = 429D,

kgf/cm? and compare with p. Choose a

value of ¢ that will make p, = p.

F-3. SPHERICAL SHELLS

F-3.1 The required thickness of a spherical shell
under external pressure determined as follows:

Step 1—Assuming a value of ¢, determine the
ratios of Ry/t and R;/100 ¢

Step 2—Enter the left-hand side of the chart
atthevalue of R;/100 t determined from
Step 1 and move horizontally to the
line marked ‘ Sphere Line’.

Step 3—From this intersection move vertically
to the material line for the design tem-
perature.

Step 4—Find the value of Factor B correspond-
ing to this point of intersection.

Step 5—Compute the allowable working pres-
sure p, by the formula p, = TR

kgf/cm? and compare with p. Choose
a value of ¢ that will make p, > p.

1S : 2825 - 1969

2) a circumferential connection to a jacket,
and

3) a circumferential lire on a head at one-
third the depth of the head trom the
head bend line.

The required moment of inertia for a stiffening

ring shall be determined as follows:

Step 1—Select a member to be used for the
stiffening ring. Let its moment of
inertia be 1.

Step2—Calculate Factor B by the formula
Factor B = _£D» x 14:22
i1 4

B

, L ... F.2
and find the point corresponding to
this value of B on the material line for
the design temperature.

Step 3—Find the value of Factor 4 correspond-
ing to this point on the material line.

Step4-—Determine the required moment of
inertia [y from equation (F.1)
using the value of that factor 4 as de-
termined above, Compare this value
of Iy with I and choose a section such
that its moment of inertia is greater
than 7.

b) See 3.3.3.4 (c).
c) See 3.3.3.4 (d).
d) See 3.3.3.4 (e).
e) Sec 3.3.3.5.

F-4. STIFFENING RINGS FOR VESSELS
UNDER EXTERNAL PRESSURE F-5. CHARTS FOR DETERMINING SHELL
THICKNESSES OF CYLINDRICAL
AND SPHERICAL VESSELS UNDER

EXTERNAL PRESSURE

F-4.1 Intermediate stiffening rings composed of
structural shapes welded to the inside or outside
of the shell shall have a moment of inertia about
its neutral axis through the centre of gravity section Fig. F.2 Carbon and low alloy steel

parallel to the axis of the shell, I not less than that Fig. F.3 04CrI9Ni9 Type of stainless steel

determined by the formula: Fic. F 4 it inl )
DL (14 AJL) % Factorz_4 ig. F.4 Austenitic stainless steels other than

Iy 1 . Fl type 04CrI9Ni9
14 % 10 Fig. F.5 07Crl3 Type of staintess steel
where . £ ia of th Fig. F.6 99-5 Perceat aluminium ( Grade IB )
h= zg?flégfndg Irrilr(:glier?trrl?n41-1"&‘“21 of the Fig. F.7 Aluminium alloy { Grade N3 )

Fig. F.8 Al-Mg (2% Mg) Alloy ( Grade

Ag = cross-sectional area of stiffening N4)
ring mm?; and . )
.F.9 AlA 3-5% N Alloy y
L = one-half the distance from the Fig N5 )Ig (3:3% Mg) Alloy (Grade

centre line of one stiffening ring to

the next line of support on one side, Fig. F.10 Al-Mg (4:5% Mg) Alloy ( Grade

plus one-half of the centre line N8)
distance to the next line, if any on Fig. F.11 Copper ( se¢ IS:1972-1961 )
the other side of the ring. All the Fig. F.12 Aluminium hronze (see Grade

distances are parallel to the axis of

1 ISABZT—IS: 1545-1960 )
the shell and are in mm.

Fig. .13 70-30 Copper nickel alloy ( see Grade
CuNi31Mnl Fe of 1S:2371-1963)

a) Line of supporu is ( see Fig. F.1 ):
Fig. F.14 Nickel

1) another stiffening ring,
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FOR CYLINDERS: LENGTH-+OUTSIDE DIAMETER = L /0,
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Fic. F.2 CHARrTS FOR DETERMINING SHELL THICKNEsSSES OF CYLINDRICAL AND SPHERICAL
VEsseELs UNDER EXTERNAL PrEssure, CARBON AND Low ArLoy STEEL
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VEsseLs UNDER ExTERNAL PRrEssurg, 70-30 Coprer NICKEL ArLOY
( see GrRapE CuNi31Mnl Fe or IS:2371-1963 )
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APPENDIX G
( Clause 6.2.1.1)
TYPICAL DESIGN OF WELDED CONNECTIONS

G-0. GENERAL

G-0.1 The recommended connections are applica-
ble for carbon and low allov steel vessels.

G-0.2 It is not to be understocd that this appendix
is mandatory of restricts development in any way,
but rather exemplifies sound and commmonly accept-
ed practice. That is io say, a number of connec-
tions have been excluded which, whilst perfectly
sound, are for various reasons, restricted in their
use, Furthermore future desirability is appreciat-
ed of introqucing amendments and additions to
reflect improvement in welding procedures,
techniques and materials, 25 they develop.

G-0.3 In selecting the appropriate detail fromthe
several alternatives shown for each type of connec-
tion, consideration shall be given to the service
condition under which it will be required to
function.

G-0.4 Weld groove dimensions and other details
. for example, bevel, angles, root faces, root radii
and gaps ) are not included. However, it should
be understoed that in boiler work easy access for
the deposition of sound weld metal at the root is
particularly important in single J and single bevel
welds and that these welds should be proportioned
so as tn provide such access.

G-0.5 It is to be noted for boilers and pressure
vessels subject to internal corrosion, only connec-
tions that are suitable for applying a corrosion
allowance should be used. Certain types, such as
those incorporating internal attachment by fillet
welds only do not lend themselves to this and should
be discouraged for use in corrosive duties.

G-1. TYPICAL CONNECTIONS

G-1.1 The following types of connections are
covered:

a) Typical designs ( general ), and

N

Rt
ALTERNATIVE WELD DETAL
(FOR DIMENSIONS SEE FIG.G- 4)

THE WELDING PROCEDURE SHALL BE SUCH
AS TO ENSURE SOUND POSITIVE ROOT

b) Welding of pipe connections.

G-1.2 Typical Designs ( General) — Noies
referred to in the figures given in this appendix may
be found at near the end of the appendix.

//
s

7 H

8 ~10mm
APPROX

jo— B —o

aj Recommended when no creviee is permitted
between socket and wall of vessel.  Drill and
tap after welding.

b) Screwed connections should not exceed ISP
thread size 1} ( see IS : 351964 ).

Fic. G.1 Screwep COMNECTIONS
WELD METAL
MACHINING D—
ALLOWANCE MAX 10mm BUT NOT
\ -~ d lr GREATER rHAuif
Mol

d=t MAX
D=2x%d
a) Total thickness of shell plate plus weld should
be adcquate for number of threads required.

b) Screwed connections should not
thread size 1§ ( see 1S: 554-1964 ).

exceed

Fic. G.2 Screwep CONNECTIONS

6mm MiN

—-lfb

ALTERNATIVE WELD =~ -
DETAIL

L\Gmm R
3mm

PENETRATION IN THE JOINT
a) If the shell thickness ¢ exceeds approx 15 mm, preference should be given to joint shown in Fig. G.1.
b) Not recommended where inside of vessel is accessible for welding.

¢) Screwed connections should not exceed ISP thread size 1% [see 1S:554-1964 ¢ Dimensions for pipe threads for
gas list tubes and pressurc tight screwed fittings (revised ) ' ].

Fio. G.3 WELDED SOCKETS ( SCREWED )

195



IS ; 2825 - 1969

196

N

ho- B ~ond

]
%
L.

@

ty, mm 3 5 6 8 10 11 13 14 16 18 19

B mm 6 8 10 13 14 15 17 20 21 23 27

a) If the required fillet size exceeds about 15 mm, then details given in Fig. G.5 should be used.

b) The branch should be a loose fit in the hole but the gap at any point should not exceed
3 mm or tv/2Z whichever is less.

¢) The intent of the limitation in the size of the fillet weld is to maintain the stress field induced
by welding within reasonable limits,

d) Screwed connections should not exceed ISP thread sizc 1§ ( see IS : 554-1964 ).

€) ¢ m Thickness of socket ( #p) or shell (¢) whichever is smaller.

Fic. G4 WELDED SOCKETs ( SCREWED )

i et - -t
[} {°
-+ , -
i
NA % | F i

ALTERNATIVE WELD DETALS

‘l_i
|

Ny |

N
- ety L

Weld size B + F = 1S tp Min or 1'5 t Min whichever is less.

B should not exceed 15 mm nor be less than £,/2.

E = ty.
a) The branch should be aloose fit in the hole but the gap at any point should not exceed 3 mm or
tp/2 whichever is less.

b) Its use when thermal gradient may cause overstress in welds to be avoided.

Fic. G.5 WEeLDED SoCckeTs ( SCREWED )
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SIZES OF THE WELDS SHALL BE BASED
ON THE LOAD TRANSMITTED

- 7t/;o°um

NOT LESS THAN DIA OF STUD+

Vvl IZll
{ 6 mm MIN

\ &\\\\\ N

e 50 mm MIN —--l t =20 mm MAX—

a) Its use when thermal gradient may cause overstress in welds to be avoided.
b) Recommended for light duty vessels.

Fi6. G.6 WEeLDED SEATINGS

SIZES OF THE WELDS SHALL BE BASED
ON THE LOAD TRANSMITTED

NOT LESS THAN OIA OF STUD

7

]
t

& M N
RIS

t 220 mm Max

-

N

N
—— e — e

a) Its use when thermal gradient may causc overstress in welds to be avoided.
b) Recommended for light duty vessels.

Fic. G.7 WEeLDED SEATINGS

6 mm = ~NOT LESS THAN DIA OF STUD
L '
FERENHNHE
6 mm i !
>N 28mm !
- Max
s N . :
N ]
NN ] l
t =10 mm MAX

a) This detail it only recommended if vessel is not subject to pulsating loads and the shell thick-
ness does not exceed 10 mm maximum.

b) Its use when thermal gradient may cause overstress in welds to be avoided. Recommended for
light duty vessels. The weld sizes are minimum.

Fic. G.8 WELDED SEATINGS

N

ALTERNATIVE WELD DETAIL

Fia..G.9 WELDED SEATINGS

Special precautions.should be taken to minimize the stresses induced by welding.
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N
N

N\

N\

Special precautions should be taken to minimize the siresses inducad by welding.
Fic. G.10 WELDED SEATINGS

)

Weld dimensions are minmum.
Fic. G.11 WELDED SEATINGS

NOT LESS THAN
[ DIA OF STUD /-rsu.w.s HOLE
2% z
w, [74) ik
Y4 7y l - NOT LESS
P o/ | ! THAN t
, -t MAX

N\ -—l L—t MAX

|3
{ Recommended for light duty vessels )

Not= — The pad is not to be taken into account in calculating the reinforcement required.
Fic. G.12 WELDED SEATINGS

— b

WELD SIZE
L :}-Stb MIN

15 mm
i I K3

3mmT t
s ’m_r

See Notes 3, 4 and 5 on page 223,
Fic. G.13 WEeLDED BrancCHES

——

MES)

5 mm ?\23:’/:’.-
BRI

ALTERNATIVE 1€

WELD DETAL | &
WITH SINGLE ROOT RUN

N\ L g oo min ¥
Backing ring removed on completion of welding if required.
i -

[ | ! | { ,

! ty M om 4 5 8 10 Iy 18 | 16 l 18 j 19
! ' |
| 5

i b
|

1. Al mm 2 i 4

{

|

i

. o | P
Gye wls e

—‘I:;x.c;. G.14 WELDED BRANCHES
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= [
| 6 mm OR 0e7 &y
WHICHEVER
IS LESS
25mm
)

]
I LteSmm MAX
TmmMIN 1

See Notes 1,2, 3, 5 and 6 on page 223.
Fic. G.15 WeLpEp Branch

See Notes 5 and 6 on page 223.
Fie. G.16 WEeLDED BraNCH FOR FLANGED NECK

—’I'br—

(A) BEFORE MACHINING

I , mLI

Lxz1eb lb
WELD SIZE
Z L=te5ty

(B) AFTER MACHINING (B) AFTER MACHINING
See Notes 4 and 7 on page'223. See Notes 4 and 7 on page 223.
Fic. G.17 WEeLpEDp Brancu Fic. G.18 WELDpEp Brancs
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200

Imm 6mm

|
L 2>
T ‘
|

WELD SIZE
L=1S5ty

>,

[N

]

{(A) BEFORE MACHINING (B) AFTER MACHINING

See Notes 4 and 5 on page 223.
Fic. G.19 WELDED Brancn

t
l el oty | - r_ b
maldyn ﬁ
I ‘ A o 4
t | .- — L ‘ L/ t
N NN :
| -
1 | NN '
oL ‘ )
] § END OF BRANCH PIPE MAY BE
T to CUT SQUANE PROVIDED THIS
6 mm DIMENSION IS NOT LESS THAN
t=20 mm MaX Ly AT ANY POINT
a) For light duty vessels, dimension L is same as . . . .
dimersion B in Fig. G.4. a) For light duty vessels, dimension L is same as

b) Its use when thermal gradient may cause

dimension B in Fig. G.4.

! ; b) Its use when thermal gradient may cause
overstress in welds to be avoided. overstress in welds to be avoided.

¢) Sez Notes 1, 2, 12 and 15 on page 223.

Fig. G.20 WeLpep Brancu Fie. G.21
i
0 | g 30° Mitt
AN RIS
il N
e

WELD SIZE L='b

—{ oty —- ety
1 4
[3 [+
¥ ¥
gbpw; thl;X

ALTERNATIVE WELD DETAILS
Its use when thermal gradient may cause overstress in weld to be avoided.

¢) See Notes 1, 2, 12 and 15 on page 223.

WEeLDED BrANCH

ty mm 14 | 16 | 175] 19 | 22 E 25 \ 29 | 32 | 35 | 38
C mm 15 15 a9 [ 19 | ot |2 {25 |25 | a5 | s
Dmm | 7| 8| 8 | 10| 12| ]a|2]|sn

( Weld dimensions are minimum )

Fro. G.22 WEeLbED BrRANCH



el
F"’:r—'\-'g N '/30 MIN
D7 I = Vau
4| [
N \N\ // } §mm 5—17{ g \ .‘ _t
N I iz <
FTGmmMIN

e

Y
X

6 mm MAXT

E=6mm OR 0+71, WHICHEVER IS LESS

ALTERNATIVE WELD DETAILS
223.

See Notes 1, 2 and 3 on page
3 o

Frc. G.24 WgeLpED BraNcH

" —.tb!-—
ji A
5 i’
{! 0‘7'.'0-—.%,;(—77.’*
! ] p—
[} Z . ]
N\ !! 7 S NN\
NS 2 ! \’\\\\ !
\ \. \;._.l______h A N N §

5 'r-mJ‘ WELD SIZE L=ty
See Notes 1, 2 and 3 on page 223.
Fic. G.25 WerLpeED Branch
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PREFERRED WHERE tr
i EXCEEDS ABOUT 15 mm

ALTERNATIVE WELD DETAIL

i

A
‘A

s

10 mm4<

30" MIN

Q'3mrn

a) The branch to shell joint with backing ring as shown in Fig. G.3.

b) When thermal gradient may cause overstress in the welds connecting the reinforcement, its
use should be avoided.

c) Fillet weld size B = 0'7 ¢, or 0°7 ¢ whichever is less with a maximum of 15 mm.

d) See Notes 1, 4 and 5 on page 223.

Fic. G.26 WELDED Brancu

i EXCESS METAL TO BE REMOVED
— BEFORE FITTING REINFORCING PLATE

|
PREFERRED WHERE tr \ S l
1

EXCEEDS ABOUT 15mm
ZS,EE NOTE 6

(A)

EXCESS METAL TO BE REMOVED
BEFORE FITTING REINFORCING PLATE_.

|
|
|

SEE NOTE 6 -t
(B)

a) When thermal gradient may cause overstress in the welds connecting the reinforcement, its use
should be avoided.

b) Fillet weld size B = 0'7 #; or 07 ¢ whichever is less with a maximum of 15 mm.

c) See Notes 1, 2, 3 and 5 on page 223.

Fic. G.27 WEeLDED BrRANCHES
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/ BRANCH

SEE NOTE 6

REINFORCEMENT
) RING

SEE NOTE &

BRANCH

5|

REINFORCEMENT
RING

WELD SIZE
Lewst,

(B) AFTER MACHINING
)

} Before machining connection may also be used when there is accessibility for welding inside the
shell.

&l

[on)
e

After machining connection is limited to conditions where adequate compensation may be
obtained with the type of rcinforcing ring shown.

c) For alternative butt weld preparations between reinforcement ring and branch, see Fig. G.43,
G.76 and G.77.

d) See Notes on page 223.

Fic. G.28 WELDED BRANCHES
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é 30'/\ Bt

N —

4
(IR 7 <N % 0
emm‘}: /// LI

18ty

- -

MAY BE CHIPPED AND GROUND
FLUSH F REQUIRED

a) When thermal gradient may cause overstress in the welds connecting the reinforcement, its use
may be avoided.

b) Values of Cand D as given in Fig. G.22.

¢) Fillet weld size B = 07 ¢, or 0'7 ¢ whichever is less with a maximum of 15 mm.
d) Preferred where t; exceeds about 15 mm.

¢) See Notes 1, 2, 3, 8 and 10 on page 223.

Fic. G.29 WEeLDED BRANCH

] th 10 mm
30

—.15
Gmm MIN | |

§

“4

i~

EXCESS MFTAL TO BE REMOVED
BEFORE FITTING REINFORCING PLATE

a) Fillet weld size B == 07 ¢y or 07 whichever is less with a maximum of 15 mm.

b) See Notes 1, 2, 3 and 8 on page 223.

Fic. G.30 WeLpEn BrancH

——'!bl.-
— | J Smm MIN
| 4
¥
e ' -t
EXCESS METAL TO BE REMOVED

_ BEFORE FITTING REINFORCING PLATE
a) Fillet weld size B=07 t;or 0°7 ¢ whichever is less with a maximum of 15 mm.
b) Ser Notes 1,2, 3 and 8 on page 223,

TFic. G.31 WEeLDED BRANCH
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VU
AR

§mm M'N;_? ’7 —-}9 e
_;

WELD SIZE € =tp MAX

ALTERNATIVE WELD DETAIL®
a) Fillet weld size B = 0°7 f; or 0°7 ¢ whichever is less with 2 maximum of 15 mm.

b) Values of dimensions Cand D as in Fig. G.22.
c) See Notes 1, 2, 3, 8 and 10 on page 223.

Fic. G.32 WeLbpEp Brancu

AN

WELD SIZE
E=tp

MAY BE CHIPPED
AND GROUND FLUSH

¥ REQUIRED _j

S

T—F’REFERRED wHERE &,
EXCEEDS ABOUT 15mm
: ALTERNATIVE WELD DETAILS

a) In therange f, = 14 to 20 mm the choice between a fillet or a fillet plus groove weld should
depend on relative cost.

b) Weld dimensions are minimum.
¢) When thermal gradient may cause overstress in the welds connecting the reinforcement, its use

may be avoided.
d) Values C and D as given in Fig. G.22.
¢) Fillet weld size B = 07 ¢; or 0°7 ¢ whichever is less with a maximum of 15 mm.
fi See Notes 1, 2 and 11 on page 223. )
Fic. G.33 WELDED BrANCH
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ALTERNATIVE WELD DETALS
*This angle to be increased where proximity of flange restricts access.

a) Compensating plate may be fitted to inside of vessel if desired. Arrangement of welding groove
may be reversed if desired. In the range fp = 14 to 20 mm, the choice between a fillet or a fillet
plus groove weld should depend on relative cost.  Weld dimensions are minimum.

b) When thermal gradient may cause overstress in the welds connecting the reinforcement, its use
may be avoided.

¢) The values of C and D are the same as given in Fig. G.22.
d) Fillet weld size B = 0'7 ¢; or 0°7 ¢ whichever is less with a maximum of 15 mm.
¢e) SeeNotes 1, 2, 11 and 15 on page 223.

Fic. G.34 WEeLDpED BraNCH

— r-'—h

AN

.f

-1

r
I

N7 A7 N
287 S

6 : m MlN—T T-Gmm

{

a) When thermal gradient may cause overstress in the welds connecting the reinforcement, its use
may be avoided.

b) Fillet weld size B = 07 t: or 0°7 ¢ whichever is less with a maximum of 15 mm.
c) See Notes 1, 2 and 13 on page 223.

Fic. G.35 WeLpep Brancu
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Tic. G-36 Under Consideration

i
7

.-

| -y

]
g tl

h -
N, 30 MAX

1
1
t
1

also be used when there is no access for welding inside the shell. The welding

re should be such as to ensure sound positive root penetration.

X

Frc. G.37 WEeLDED Brancu wiTir NECK Piece
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FOR ALTERNATIVE CETALS
SEE F1G. G-39

|

BRANCH -

- REINFORCEMENT RING

THE RECOMMENDED JOINTS FOR
CONNECTING THE REINFORCING
FING TO THE SHELL ARE SHOWN
N FIG, G-4 TO G-9

l

ALTERNATIVE WELD DETAIL

a) The use of this connection is limited to conditions where adequate compensation may be obtained
with the type of reinforcement shown.

b) Sre Notes on page 223,

i
i
|

Fic. G.38 WeLpep BrancH ( REINFORCED )

TO PROJECT WHEN —-l

- 3mm MACHINED AFTER
SET FOR WELDING WELDING
W\ \

i ) o
N | U

-
F WELD SIZE
¥ 1y BeF e 1Sl MN
F SHOULD NOT BE LESS THAN tp
NOR SHOULD IT EXCEED 1Smm AND
—-l ty be— B MAY BE ZERO UP TO THIS LIMIT
(A)
TO PROJECT WHEN Imm n’ MACHINING
SET FOR wsmme\ r ALLOWANCE
\g . )
N
0
—

0

T 30’& o
—=ity l'-—

{8)

Dimensions € and D as in Fig. G.22,

Fic. G.39 WEeLDED FLANGES
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r"-z‘-’ OR 10mm MIN GENERALLY MACHINED
' /— AFTER WELONG
T Loy

i

.

WELD SIZES

BeF =156l MR

£ SHOULD NOT BE LESS THAN tp
NOR SHOULD IT EXCEED 15mm AND
B MAY BE ZERQ UP TO THI5 LIMIT

(A)

Imm —ed tae3g
TG PROJECT WHEN !
SET FOR WELDING )
ﬂ\— ﬂ} “ —— T TITTR LTI —“i

7 N s 1MACH4NING
Srmemy ‘ 7/} ALLOWANCE
!
1

7
| N'a
gj

(8)

To be avoided when thermzl gradicnt may cause overstress in welds and/er
fatigue when conditions exist.

Fic. G.40 WeLDED FLANGES

GENERAULY MACHINED GENERALLY MACHINED
AFTER WELDING BEFORE WELDING
R i— | *
% Fa /J ! . F2
N — e - / ’
P AL V27N Lmas
1 i >
F ‘ A
WELD SIZES ! WELD SIZES AN
Fy=154,BUT SHOULD f Fi= 1515 BUT 5HOULD N A
NOT EXCEED 15mm _.l L. NOT EXCEED 15 mm b 8
£, =1+0tb, MIN Imm b Fg=140tp, MIN 3mm - ¥
~ tpi-—

a) To be avoided when thermal gradient may
) cause overstress in welds and[urgfatiguc when HUBBED SLIP ON FLANGE
conditions cxist.
b) In certain cases a smaller limitation of weld
size Fy cqual to 10 ¢p is preferred.

Fic. G.4] WEeLDED FLANGES T1c. G.42 WEeLDED l'1L.ANGES
9

In certain cases a smaller limitation of weld size
Fy equal to §-0 ty is preferred.

ANGLE OF TARER
—ALTERNATIVELY THE_JOINY
MAY BE BEVELLED OR
GROOVEG FOR WELDING
ON THE INSIOE :

i /1 SHOULE NGT LXCEED V4
/ (SLOPE 1:4)

BACK OF GROOVE

CHIPPED QR

MACHINED BEFORE Y-
MAKING INSIOE i
WELDING -~

—el tilem e by e ALTERNATIVE PROFILE
UP TO 15mm OVER 15mm OF FLANGE NECK
(A) (B) ()

. .
This connection may also be nsed when ihere is process for welding from inside. The welding
procedure should be such as to ensure sound positive root penetration.

Fic. G.43 WELDED FLANGES
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ANGLE OF TAPER & SHOULD

BACKING RING REMOVED
NOT EXCEED 14°( SLOPE 1:4)

AFTER WELDING

7
N

[

kot
ALTERNATIVE PROFILE

NO LIMIT UP 10 15mm OVER 18mm
Of FLANGE NECK

(A) (8) (C) (D)
This connection may also be used when there is no access for welding from inside.
procedure shall be such as to ensure sound positive rcot penetration in the butt joint.
Fic. G.44 WEeLpED FLANGES

The welding

WELD SIZES W FOR WELD SEE
B+F=1.5tg MIN FIG, G-39 TO G-44
L=15tg MIN b .

F AND L SHOULD NOT
EXCEED t5mm

<
J OR BEVEL
PREPARATION
K L ‘ 41s JACKET

NOT MORE
THAN 45"

s,
SHELL ‘/

ALTERNATIVE WELD DETAL
In certain cases limitation in wcld size of The welding procedure shall e such as to ensure
sound positive penctration in the joint.

L equal to 1-0 ¢, is preferred.
Fic. G.45 JAackeTED CONNECTIONS Fic. G.46 JackerEp CONNECTIONS

ALTERNASIVE TYPES OF BUTT JOINT MAY BE
USED BUT THE WELDING PROCEDURE
SHOULD BE SUCH AS TO ENSURE SOUND
POSITIVE ROOT PENETRATION

ALTERNATIVE TYPES OF JOINT MAY BE
USED BUT THE WELDING PROCEDURE

SHOULD BE SUCH AS TO ENSURE SOUND d =NOT LESS

POSITIVE ROOT PENETRATION THAN 21

%
WELD SIZES

t % )
GAP=3Imm OR 3 —-—F B+F=1:5tg MIN
WHICHEVER IS . Fp=leStg MIN f!'
NOT LESS 3 i
LESS THAN 60" F1.Fy SHOULD
i ! NOT EXCEED
_j_ 15mm £
SNNWNN

/ s / / ts
// / '/////' J
1 Fa
J OR BEVEL PREPARATION

1051) MIN
In certain cascs a smaller limitation in weld size

105¢) MIN
In certain cases a smaller limitation in weld size ) X ;
of Fy and Fy equai to 1'0 ¢p is preferred. of Fy and F, equal to 1'0 1y is preferred.
Fic. G.48 JAcCReETED CONNECTIONS

Fi16. G47 Jackerep CONNECTIONS
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WELD SIZES
BeFy=1s5tsMN RE TAINING
Fy = 1.5ts MIN RING

Fy ANO Fp SHOULD
NOT EXCEED 15mm

N

7/ i

t\ J N
—=1F 4’4‘ ""4‘2#‘ i

RETAINING RING 1 ;’
Fa=1-5¢; OR 15mm
WHICHEVZR IS LESS l

[F: [‘2 7,

ALTERNATIVE WELD DETAILS

In certain cases a smaller limitation in weld size of Fy and Fy equal to 1:0 4y is preferred.

Fic. G.49 JackeTep CoONNECTIONS

p -RETAINING RING
7/ //‘ EMPLOYED WHERE
NECESSARY
/ -

“WADE DOWNNAND —s g
10™ ‘ 4 A
"3 3 20”3 r i Y

€ MN \{\\ '\\k . N\
Y G AR
R TN
}-—B—-’I' L—B—J Lh

E=lj+3

a) Attachment of jacket to vessel having a wall thickness not greater than 20 mm.
b) Weld dimensions are minimum.

ts 5 6 -8 10 ‘ 11 12 14 15 18 20

B 8 10 12 14 ) 15 17 20 21 ] 24 27

All dimensions in millimetres.

Fic. G.50 JackeTED CONNECTIONS
211
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30 ALL WELDS TO BE
3 3 MADE DOWNHAND

}
NN LI L L)
6"3\\ :_{3MIN ‘tl
30° 6R M

'I o S \ -
s - //,,,'. g , 1 /// Pz ,/ //// // "7 g
/ o ;/ 3 S ,// / s /////. , //4/// v ///;{///ﬁ
e B ts Lty
E=tj+3

a) Attachment of jacket to vessel having a wall thickness not greater than 20 mm and
where there is no access for making a weld inside the jacket space.
b} Weld dimensions are minimum.

t 5 6 8 10 nooo12 14 15 |8

|
| —
B 8 10 ‘ 12 14 15 ;17 ¢ 20 o2t 24

All dimensions in millimetres.
Fi1o. G.51 JAckeTED CONNECTIONS

WHERE FLANGE RESTRICTS ACCESSIBILITY, THIS WELD TO
BE COMPLETE BEFORE FLANGE 1S ATTACHED

NOT LESS THAN 10 mm {l,
% . pIIIIY.
/2R EN

4 [3)
! . |
\ SO\ NN ty

t H \LSEE TABLE 6.1 |
) FOR DETAL

(A)

WHERE FLANGE RESTRICTS ACCESSIBILITY, THIS WELD
TO BE COMPLETE BEFORE FLANGE IS ATTACHED

N
| AN
/ LCLEARANCE BETWEEN PLATES "l‘l'
UITABLE EDGE PREPARATION TO ALLOW FOR
45" THROAT, AF TER KNOCKING PLATE OVER
(8)

a) Permissible only where both fillet welds are fully accessible for welding.
b) Both ends cf jacket attached to cylindrical portion of vessel.

Jacker PLATE Tuickness | JACKET Winta A Depenping
f mm oN Dia or VEsseL
mm
5 31 Max
6 31 to 45 Max
10 37 to 50 Max
12 50

Fic. G.52 Jackereo CONNECTIONS
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SUITABLE EDGE PREPARATION TO ALLOW FOR
45° THROAT, AFTER KNOCKING PLATE OVER

v 2N
A{ %
AN
-’I L‘lj tg, CLEARANCE BETWEEN'I
PLATES
Both ends of jacket attached to cylindrical portion of vessel.
Jacker PraTe THICKNESS Jacker Winte 4 DepenpING
¢t mm oN Dia or VESSEL
mm
5 31 Max
6 31 to 45 Max
10 37 t0 50 Max
12 50

Fic. G.53 JAackeTED CONNECTICNS

Y

e L-i. ——I R MIN L» l

(A)
A

N L

DETAIL AT A

(8)
( For light duty vessels only )

F1g. G.54 JackeTep CoNNecTiONs

DISTANCE BETWEEN FLANOES
TO BE SUCH THAT THE WELDS
ARE FULLY ACCESSIBLE

—.‘ ja 287 MIN Y

a) Attachment of jacket where a flanged connec-

Both_ ends of jacket attached to cylindrical tion is desirable. ) o
portion of vessel. b) Sec Fig. G.41 and G.43 for details of weld for
( For class 3 vessels only) attachment of the flanges.
Fi1a. G.55 Jackerep CONNEGTIONS F1. G.56 JAckeTED CONNECTIONS
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K—DISMNCE BETWEEN FLANGES TO BE
SUCH THAT THE WELDS ARE FULLY

\ ACCESSIBLE

-—

ETAL

ALTERNATIVE WELD

ltl
e
Lts
| H :
' 18 19 | 22 1 25|29 32|35 | 38
Fillet only TR S
B 23 27—-—-——|—I—-
.
C 20 20 | 21 25 | 25 | 25 ’ 25 25
Fillet and
above
D 8 10 11 12 17 | 21 ] 27 ! 31

a) Attachment of jacket where a flanged connection is desirablc and where the vesscl wall thickness

doces not exceed 38 mm.

b) Weld dimensions are minimum.

All dimensions in millimetres.

Fic. G.57 JAcCRETED CONNECTIONS

MAY BE DRESSED
FLUSH IF REQUIRED

" W4 d+Imm
- WHICHEVER IS SM 4
WELD DETAL ht

{ For class 3 vessels only )

Fig, G.58 * JaekeTED CONNECTIONS

214

.-.11-5d+d /

FOR WELD DETAR

SEE FIG. G-58

( For class 3 vessels only)

Fic. G.59 JackeTep CONNECTIONS
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~ WELD GROUND FLUSH

e B

TG PROJECT WHEN SE h
ts 0 ° FOR WELDING. GROUND _ ON COMPLE TION
A/’\ | 'l FLUSH ON COMPLETION W ;‘ v
\ . ~ Pl
L e : /

mm
+

/ P\
i la—ot 10mm WELD DIMENSIONS —~ ]“ E M
ARE MINIMA i
a) Flush type branch attachment using a block ( left-hand
side ) or backing rings ( nght -hand side )
b) Weld dimensions are minimum. All dimensions in millimetres.
Ter LN Deaeescocrms S o Tem LY T Moo o ONNECTION
Tic. G.60 PerwissiBLE 1THROUGH CONNECTIOR Fic. G.6]1 PermussiBLE THROUGH CONNECTION
FOR JACKETED VESSELS FOR JACKETED VESSELS

e INC N DE AALDIET
ot WLive oo LOMLLY

o EQ
FORE JACKET 1S ATTACHED
AWELD GROUND FLUSH 7

ON COMDPLETION

&D/J; 7/ g

10 oY g
‘ 6R- r1 tj
3 £ w.s"/,\s 3
L I NN
£ dN 20 B MIN
LoMm Th, NE
L/ AER e
IF CONSTRUCTION INVOLVES A BUTT WELD AT THIS
POSITION THE WELD DETAILS SHOULD BE AS SHOWN
IN TABLE 6.1
Db el ol alio bt ol el ol |
luia 6 blU'll i3 1111\)‘.0!4\1‘1.,
A S D N D U e I
lbfﬁ lO'lZ H'Ilf),l7 zUIZIIZJl‘Z7}BI

All dimensions in millimetres.
Fic. G.62 PermissiBLE THROUGH CONNECTION FOR JACKETED VESSELS

~THESE WELDS 10 BE COMPLETED
/l BEFORE BRANCH 1S ASSEMBLED
< FOR DETAILS OF BRANCH / \ .
AT TACHMENT is
(SEE FIG. G-14 1O G-37) B &-
= B )\ M/g\

E={jv3MN
Weld dimensions are minimum.

] .T a = o I [o3 ’ 1 I 11 l 10 ) I  Fad I N lnn l
i ’. 3 pe 0 | o ' iv \ 11 ‘ 19 ir iV 10 y-o4 '

I
e e e
' B © 8 10 l 1Z } i% ] i3 I 17 20 | 23 l Y4 | 27 '

.

All dimensions in millimetres.
e, G.63 Pznmssxm.n TuRoUGH CONNECTION FOR JACKETED VESSELS

N
[
(5]
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SEE FIG, G-14 TO G-37
FOR BRANCH ATTACHMENT

225 mm MIN

FOR USE ON LIGHT DUTY
PRESSURE VESSELS ONLY

Fio. G.64 PermissiBLE THROUGH CONNECTION FOR JACKETED VESSELS

FLUSH FINISH BRANCH ATTACHMENT,
FOR WELD DETAILS
SEE FIG.6-22

Weld dimensions are minimum.
All dimensions in millimetres.
F1c. G.65 PerMissiBLE THRouoH CONNECTION FOR JACKETED VESSELs

It

f—— ey

]

K]

L

T
4.

[ L A

SEE NOTE 10
NN A
] \ /
I AN N
\ L
V 8=l —, / _Tantz (A) (8)
% ] a) Tube wall thickness ¢ = 3 mm Min. Weld size L s ¢
] % | |t; Min. .
% % b) Minimum distance between tubes = 2'5 ¢t or 7*5 mm
/ whichever is greater.
SEE NOTE 10 / .
] ¢) The tube ends should be slightly expanded to not more
than 90 percent of depth to fill the holes.
=ty [~ d) If the end of the tube projects beyond the weld, the
(A) (8) projecting position should be removed after welding,

¢) It may be necessary to deposit the weld in two runs to

See Notes on page 223.

Fig. G.66 CoNNECTION BETWEEN JACKET
AND SHELL

onerous.

216

ensure a tight joint if the operating conditions are

Fic. G.67 Tuse-ro-Tuse PLATE CONNECTIONS
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SIS IIIII IS
N\

L=t L=t

(A) (8)
a) The tube ends should be slightly expanded to not more than 90 percent or depth to fill the holes.
b) If the end of the tube projects beyond the weld, the projecting portion should be rem ved after welding.
<) 1t may be necessary to deposit the weld in two runs to ensure a tight joint if the operating con itions are oncrous.
d) The preparation shown in Fig. G.68A and G.68B should be preferred where there is danger of burning
through the tube wall due to its thinness.

Fic. G.68 Tuse-To-Tuse PLATE CONNECTIONS

. o
/\r t N - T 2t MIN
L

L

, L \2
]
L

i

L=t MIN

(A) (B) <)

a) If the end of the tube projects beyond the weld, the projecting portion should ke removed after welding.
b) This detail is based on the practice followed in certain cases.

Fie. G.69 Tuse-to-TuBk PraTe CONNECTIONS

i WELD SIZES
ALTERNATIVE | 12 {y=3mm
WELD DE TAIL ¥ =1 30-48"
* 4

1

L

f

\\

=3mm MIN
=t

t —»

/’7/

§
t
s L/\g t
oy

(A) (8)

a) The tube ends should be slightly expanded to fill the hole.
b) These details age permissible fo: low operating pressures and small degrees of fluctuation in operating temperatute.

Fig. G.70 Tuse-to-Tuse PrLaTe CoNNECTIONS
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SEE NOTE
REFENCE w=t M
WELDING ~_ —»{ W Wie-

-
N
re U,,'l

Tz
-

A

NN

Z
N

t =5mm OR MORE X t=5mm OR LESS
[ J
— l-—(= TUBE WALL — t L‘—
THICKNESS
(A) (8)

K

*0=1.5t 10 2-0t E 1 ]E E E /_
7z

f—_.}:\'—‘k—-i fo-t Min
L | |
T

" c'vl

— N\t

(<)

a);, The tube ends should be slightly expanded to fill the hole not more than 90 percent of the depth.

b)
<)

d)

When using this detail special care should be taken to ensure that the tube plate is not laminated.

Reference Welding

The detail shown in Fig. G.71B is suitable for welding by processes other than the metal arc
process. A filler rod should be used if the tube wall thickness exceeds I'5 mm when oxy-
acetylene gas welding is employed and 2:0 mm when other suitable arc welding processes are
used, such as atomic hydrogen or inert gas are welding.

These details are recommended for use when it is required to minimize the deformation of the
tube plate due to welding.

Fic. G.71 Tuse-to-Tuse PLATE CONNECTIONS

SEE NOTE REFERENCE
R WELDING

{ N f=2t2
N A éL._._ '
AN NN 4
3 {; SHOULD BE EQUAL OR
\ NEARLY EQUAL TO t;
AND SHOULD NOT BE
ty SHOULD BE EQUAL LESS THAN 2°5mm
OR NEARLY EQUAL S
101, No—0F L N
iy —elit -
(A) (B)

a) It is uncommon for this detail to be used if £y or £ cxceeds + mm,
b) Reference Welding

‘The detail shown in Fig. G.70 is suitable for welding by processes other than the meial arc
process. A filler rod should be used if the tube wall thickness ¢xceuds 1'5 mm when oxy-
acetylene gas welding is employed and 2:0 mm when other suitable arc welding processes are
used, such as atomic hydrogeu or inert gas arc welding.

Fic. G.72 Tusg-To-Tuse PLATE CONNECTIONS
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(n)

(8)

(C)

Fic. G.73 Tuse-to-Tuse PLATE CONNECTIONS

&TUBE PLATE

WwELD SIZE
L=t MN

If L exceeds 15 mm, preference should be given to the
detail shown in Fig. G.75.

Fig. G.74 Tusk PLATE 10 SHELL CONNECTIONS

\YUBE PLATE

FOR ALTERNATIVE
PROFILES
SEE FIG. G-43

WELD SHALL BE BACK CHIPPED
AND BACK WELDED OR ALTER-
NATIVELY, THE WELDING PROCEDURE
SHOULD BE SUCH AS TO ENSURE
SOUND POSITIVE ROOT
PENETRATION

ANGLE OF TAPER §
SHOULD NOT
EXCEED  14°
(SLOPE t4)

Weld size:
L=t Min.
If L excecds 15 mm, preferehce should be given to
the detail shown in Fig. G.77.
Tts use to be avoided when thermal gradient may
causc overstress in welds.

Fic. G.76 Tuse PLaTE To SHELL CONNECTIONS

© TUBE PLATE

WELD SIZE
B+F={ MN
F SHOULD NOY BE LESS

THAN % NOR SHOULD 1T

EXCEED Y5 mm

J OR BEVEL
PREPARATION

-

Fic. G.75 Tuse PLATE To SHELL CONNECTIONS

\1UBE PLATE

J OR BEVEL
PREPARATION

ANGLE OF TAPER ©
SHOULD NOT
EXCEED 1°
(SLOPE 1:6)

WELD SHALL BE BACK CHIPPED
AND BACK WELDED OR ALTER -
NATIVELY THE WELDING PROCEDURE

FOR ALTERNATIVE
SHOULD BE SUCH AS TO ENSURE

PROFILES
SEE FIG. G-43 SOUND POSITIVE ROOT PENETRATION
Weld size:

B+ V=t Min

F should niot be less than 42 nor should it exceed 15 mm.

Fic. (G.77 Tuse Prate To Suetrn., CONNECTIONS
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\YUBE PLATE

TUBE PLATE

a) Alternative preparation may be
used but the welding procedure
should be such as to ensure sound

\TUBE PLATE

SEE FIG. G-7%
AND G-75 FOR
WELD DIMENSIONS

a) Alternative preparation may be
used but the welding procedure
should be such as to ensure sound
positive root penetration in the

a) When using thesc details special positive root penetration in the butt joint.
care shall be taken to ensurc that butt joint if madce from the out- b) Use when thermal gradient may
the tube plate is not laminated. side only. cause overstress in welds. ’
b) Accessible for welding on both b) Accessible for welding on both ibl 1di id
sides of the shell. sides of the shell. © ﬁffﬁi’;‘{,:,{‘:fn}’;f g on one
( For forged shapes only ) ( For forged shapes only )
Fic. G.78 Tuse PLaTeE TO Fic. G.79 Tuere PLaTE TO Fic. G.80 Tuse PLATE TO
SueLr CONNECTIONS SueLL CONNECTIONS SueLL CONNECTION?
/ TUBE PLATE / TUBE PLATE
2z 7
w S
yd
-4
10 mm - 10 mm
15mm
~
-4_10mm
76 MaX WELD SIZE
w=t «gmm
L(..l FOR WELD SIZES
SEE FIG.G-74
(A) (8)
This detail is recommended for non-corrosive operating
conditions only. Fic. G.82 Tusk PLATE To SHELL
Fic. G.81 Tuse PLATE To StikLL CONNECTIONS CONNECTIONS

(A)

( For forged shapes only )

TUBE PLATE

(8)

Fire. G.83 Tuse PLATE To SHELL CONNECTIONS
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f—(503mm MIN

w

DETAIL AT X

a) V/eld profiles are diagrammatic only.
b} The hazard of weld cracking shall be taken into consideration.

Fic. G.84 Frar Enps AnD CoOvVERs

L)
70 MAX RING TO BE
~

HOT LESS THAN Imm
AT ANY POSITION OF
THE CIRCUMF ERENCE ——

a) Weld profiles are diagrammatic only.
b) The hazard of weld crackings shall be taken into consideration.

Fic. G.85 FraT Enps ANp CovERs
_i_ j he— 3 MIN \
{ i

TL5€ ----------

£

ts

£ NOT LESS THAN 214

a) Weld profiles are diagrammatic only.
b) The hazard of weld cracking shall be taken into consideration.

F1¢. G.86 FrLaT Enps aAnp Covers
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WELDING OF PIPE CONNECTIONS
WELDING PROCESS
THICKNESY ARC PLUS GAS WELDING
t ARC GAS OF ROOT
mm
FORM 1
SQUARE BUTT WELD
UP 10 4 V/ % Rt\\\ Q L
ot LI-S T0 emm T
FORM 2 FORM 5
SINGLE-Y BUTT WELD SINGLE -¥ BUTT WELD
o 60
T ey
47012 »
2mm —-‘ 1+5 1O 3mm —cl L—I-S T0 Imm
FORM 3
SINGLE —U BUTT WELD
12 10 28
s¢-
FORM 6
/ SINGLE-U BUTT WELD
Zn\mj —’I L‘PS T0 3mm
7’/\
FORM 4 48 mm
SINGLE-U BUTT WELD _—!
s I !
! i
1 &
ABOVE " 1 //_:l!... w
28 p ' .
% ' METAL INSERT RING 4mm 118 10 3mer
2enem - ——1 Lw-s 10 3mm

a) These forms of gap apply to both unalloyed and low-alloy steels.
b) The thickness limits indicated in the table for the various forms of gap and welding méethods are for

guidance only.

c) Gap widths depend both on the thickness and diameter of the pipe and on the type of filler wire

used. The gap widths indicated in the table are for guidance only.
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DEPQSITED LINING

CORROSION RE SISTANT

/ SHEET LINING

\CARBON STEEL
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CORROSION
RESISTING
STEEL —

’

(a)
Fic. G.88 ExampLE

GENERAL NOTES*

1.

10.

In general it is recommended that the ratio
of the branch to shell thickness shall be
limited as follows: fp/t should not be less
than 1/5.

In all these details this branch should be a
loose fit in the hole but the gap at any point
should not exceed 3 mm or #,/2 whichever is
the lesser.

Special precautions should be taken to mini-
mize the stresses induced by welding particu-
larly when the shell thickness exceeds about
20 mm.

. When using this detail special care should

be taken to ensure that the shell plate is not
laminated.

These connections may also be used when
there is accessibility for welding.

Weld shall be back chipped and back welded
or alternatively the welding procedure should
be such as to ensure sound positive root
penetration.

The hole may be omitted to facilitate pressure
testing.

A similar connection may be used with an
internal reinforcing ring.

Alternative detail permissible provided the

thickness or the branch of shell, whichever is
the lesser, does not exceed 20 mm.

J or bevel preparation.

_ *These notes refer to the notes mentioned in the figures
~ given in this Appendix.

CORROSION RESISTING STEEL

(8)

oF LINING OF VESSELS

11.

12.

14.

15.

16.

17.

Weld size B 4+ F = 1-5 #)
Minor 1-5 ¢t Min which-
ever is less; F should not
exceed 16 mm nor be
less than ¢y, /2.

Weld size L = 1-5 ty Min
or 1:5 ¢ Min whichever is
the lesser, L should not
be greater than 16 mm.
When 15 ¢ or 15 ¢
whichever is less, exceeds
16 mm wuse details shown

The intent of the
limitation in the
size of the fillet
weld is to main-
tain the stress
field induced by

in Fig. G.23. welding within

. Weld sizes B,+F,=15t, fir‘;ﬁssonable
F2: 15 tb
Be= 15 tb
F, and F, should not
exceed 16 mm nor be less

than tp/2. ]

Weld sizes B, +- F; = 15 ty
2= 10t

F2= 15ty

F3= 1-5 tp

L =154

F, and F, should not exceed 16 mm nor be

less than £y /2.

A smaller limitation in weld size of I, = 1:0 ¢,
Min or 1-0 ¢t Min whichever is less, may also
be used. 7

A smaller limitation in weld size or B + F =
1-0 ty, Min or 1-0 ¢t Min whichever is ‘ess,
may also be used.

A smaller limitation in weld size of B+ F
and F; equal to 1-0 ¢ Min may also be used.
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APPENDIX H
( Clauses 6.2.4, 6.2.5, 7.1.10 and 7.2.11 )

PRO FORMA FOR THE RECORD OF WELDING PROCEDURE QUALIFICATION/
WELDER PERFORMANCE QUALIFICATION TEST

RO OF oooiiiet i e e s Date oo NOw v
Contractor/ Manufacturer ...........oviiiviiini it Address ...
Welding Operator: Name ..........cc.ocooviniiiiiinnn, Father’s Name ................ooinni Date of Birth ........................
Designation ........ooeeeeiniiiiiiiiennieniei Identification Number/Symbol........c..oocooiiiiinini e,
Material .ooviiiiirt e ey Specification .......ccvvieiiiiniiiiiinan., Tensile Strength ............c...........
( Plate or Pipe )
Electrode Type .....ccovveiriiennnnne. Specification ...........c.c.vnel Welding Process............... Manual or Machine...............
Type of Flux ...o.oovioiiiiimniiiiies Inertgas ....covviviviniiniinninennnnn, Type of backingused ©\.........ooooiiiiiniien s
Type of Joint.......ccooeevneiinniins Single or Multiple pass.................. Amperes............... Volts............... m per min.........
Material ThicKness ...occ.eoiniiiimiiiiiiiieiiiiiiiiciianirenneeaenns mm. Welding Position ............o.cooiiii s
(If pipe, dia and wall thickness )
Prcheat Temperature Range.....co...oocoviiiiiiiiiiveniinniinnninnnn, Post Heat 'Treatment ...........cococeiuerenirineeiienennnnns,
Thickness range this test qUalifies ..ot
Welding done in accordance with Manufacturer’s/Client’s Specification No. ..., Date ....ooovviinininnnns

1. REDUCED-SECTION TENSILE TEST

Specimen Dimensions, mm Area Gauge Uliimate Tensile Yield Point Elongation Character of Remarks o
o. e A —~ mm? Length Load, kgf Strength percent Failure and
Width Thickness mm kgf/mm?2 Location

.................................................................................................................. L T

2. ALL-WELD METAL TENSILE TEST

Specimen  Dimensions, mm Area Gauge Ultimate Tensile Yield Point Elongation Character of Remarks
No. Diameter mm? Length Load, kgf Strength percent Failure and
mm kgf/mm? Location

3. GUIDED FACE-BEND TEST. (TRANSVERSE )

Specimen Angle of Former Thickness of Description, Location, Nature and Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm

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

4. GUIDED ROOT-BEND TEST ( TRANSVERSE )

Specimen Angle of  Former Thickness of Description, Location, Nature and Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm




1812625 - 1969
5. GUIDED SIDE-BEND TEST ( TRANSVERSE )

Specimen Angle of Kormer Thickness of Description, Location, Nature and- Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm

6. NICK-BREAK TEST

Specimen Type/Depth Specimen Description, Appearance of Fracture Result
No. Nick ickness
mm
7. IMPACT OR NOTCHED BAR TEST
Specimen Type/ th Specimen Test Impact Values Appearance of Remarks
No. of No Tcml.:céature kgf.m/cm? Fracture
A
8. FILLET WELD-TEST
Specimen Specimen,  Fillet Size  Welding Test Results
No. ize and Leg Length  Position - Anes - Remarks
Thickness mm Fracture Length & Micro Fillet Convexity or
mm test  percent of test size concavity
appearance  defects fusion mm mm
‘mm %

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

9. MACRO EXAMINATION & HARDNESS TEST

Specimen Type of Etchant Observation Vickers Hardness Remarks

Parent metal Weid metal Heat aﬁ'cctcc;
zone

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

The undersigned manufacturer/contractor certifies that the statements made in this report are correct and that the test welds
were prepared, welded and tested in accordance with the requirements of I1S: 2825 - 1969. e

Test Witnessed by ............ ereaeresnuaneetaerastrantaesretontetetannranaetiisetrarestnorsnrnne Signature ...ooooviiviiniiiviene
Inspecting Authority For and on behalf of.........
Office Seal (Contractor/ Manufacturer)
" Date cevrrierannnen veresnssanes ' Date .ovvenviiniiiriiiienneennn



IS : 2825 - 1969

APPENDIX J
( Clause 6.7.28 )

WELDING OF CLAD STEEL AND APPLICATION OF
CORROSION-RESISTANT LININGS

J-1. GENERAL

J-1.1 Clad steel is generally used where unalloyed
steel alone does not withstand the corrosive
attack, nor the required thickness of corrosion-
resistant alloys could be provided for economical
reasons.

and chorme-nickel steels, nickel, copper-nickel and
nickel alloys or copper alloys, by open arc fusion,
inert gas metal arc or submerged arc welding
processes. The rules of this appendix are appli-
cable to pressure vessels or vessel parts that are
constructed ‘of integrally clad plate, and to vessels
and vessel parts that are fully or partially lined
inside or outside with corrosion-resistant plate,
sheet or strip attached by welding to the base
plates before or after forming, or to the shell,
heads and other parts during or after assembly
into the completed vessel.

J-1.1.1 The provisions of this appendix do
not apply when cladding or lining is deposited
by fusion welding processes with stick or strip
electrodes and for fitting of renewable wear plates
to arrest local erosion or abrasion.

J-1.2 If the corrosion resistance of the clad side
is to be maintained when the workpiece is com-
pleted, it is essential that the deposited metal on
the clad side should be not less corrosion resis-
tant than the cladding itself. The weld shall be
at least as thick as the cladding and in regard
to corrosion resistance its composition shall match
that of the cladding. To achieve this, at least
two runs shall be put in. As a general rule the
backing metal should be welded first and with a
filler of like kind. While this is being done, care
shall be taken to avoid melting the cladding with
the filler used in welding the backing metal. The
danger of dilution of the alloy contents of clad
material or lining by welding from the clad or
lined side increases with decreasing thickness of
clad material or lining. The plate edges shall be
prepared accordingly. - In the case of thin plate
clad with austenitic steel, the entire cross. section
may be welded with austenitic fillers, provided
that no corrosion cracks occur in the weld junction
on the backing side under the specified conditions
of attack ( for example, by aggressive media com-
bined with the action of steam ). It shall be
ensured without fail that unalloyed or low alloy
fillers are not used for welding on high alloy clad-
ding metal or high-alloy weld metal. The weld-
ing conditions adopted ( including, for example,
the welding process, the weld form and the welding
sequence ) shall be chosen so as not to reduce the
strength of the welded joint unduly. If heat
treatment is necessary the properties of the backing,

226

The provisions of this appendix are -
applicable to welding of steels clad with chrome

metal and o, the cladding metal shall be taken
into account.

J-1.3 Plates under 10 mm thick in the backing
metal may also have the entire weld cross section
welded with austenitic filler metal provided that
the temperature experienced in service does not
exceed 200°C. In situations where welding from
the clad side is not practicable ( for example, in
pipes ), the weld preparation should be carried
out in the manner given in Fig. J.1. The clad-
ding metal is welded with chrome steel or chrome-
nickel steel filler metal of like kind. The subse-
quent runs may be welded with austenitic filler
metal if the backing metal is to be welded with
filler metal of like kind, however, then the inter-
mediate runs shall be welded with a filler which
will guarantee that the weld metal is free of cracks
and possesses the same strength and ductility.

MAX
BACKNG 2™ 36
ME TAL

/CLADDING

METAL

—OI L-3 mm MAX

Fic. J.1 MzrHOD OF EDGE PREPARATION
FOR WELDING CLAD STEEL

J-2. FABRICATION

J-2.1 Preparation — The clad material should
be protected against mechanical damages and
from the inclusion of foreign material. While
shearing clad plates the clad side should be up-
wards, so that the burrs or ridges are built on the
base metal side. The cut edges shall be ground
smooth.

Clad steels may be flame-cut from the base
metal side, provided proper care has been taken
in the selection of cutting speed, gas pressure and
nozzle size. Preheating prior to the start of flame-
cutting is advisable in certain cases. Flame.cut-
ting with iron powder may be of considerable
advantage, if cutting from clad material side is
necessary. While flame-cutting, considerations
should be given to the effects of flame-cutting on
clad material particularly in the neighbourhood
of kerf. Cleaning of chromium-nickel or stainless
steel clad material or linings before successive runs
should be done with stainless steel brushes to avoid
inclusion.

J-2.2 Joints in Cladding Applied Linings —
The types of joints and welding procedure used
shall be such as to minimize the formation of



brittle weld composition by the mixture of metals
of corrosion-resistant alloy and, the base material.

Note — Because :of different thermal coefficients of
expanuon of disimilar metals, caution should be exer-
cised in design and construction under the provisions of
this appendix in order to avoid difficulties in service
under extreme temperature conditions, or with unusual
restraint of parts, such as may occur at points of stress
concentration.

J-2.3 Inserted Strips in Clad Material — The
thickness of inserted strips used to restore cladding
at joints shall be equal to that of .the nominal
minimum _thickness of cladding specified for the

ILGLLB babl\bd’ lf llbb\,’ﬂal y’ V\th \,Ullualuu-l Calblall‘-
weld metal deposited in the groove to bring
the insert flush with the surface of the adjacent
cladding.

J-2.4 Butt Welds in Clad Plates — For steel
clad with resistant chrome steel and austenitic
chrome-nickel steel, the requirements shall apply
separately to the base plate and to the ciadding.
The thickness specified in Table 7.2 shall apply to

the total thickness of the clad nlatmx (\-n also

Tables J 1 and J.2).

Al m Laen 1o P I
J-‘Q'lnl l.ll.C wcxulug plUbCuulC ior putt w<ias

in integrally clad plate shall be qualified as pro-
vided in J-2.3 when any part of the cladding thick-
ness of clad plate is included in the design calcu-
lations iri 3. When the cladding thickness is not
included in the design calculation, the procedure
for butt welds may be qualified as in J-2.4 or the
weld in the base plate joint may be qualified by
itself in accordance with 7.1 and the weld in the
cladding joint by itself in accordance with J-2.7.

J-2.5 Fillet and Composite Welds — Fillet
welds of corrosion-resistant metal deposited in
contact with two materials of dissimilar composi-

tion may be used for shell joints and attachments
of various connections as permitted under the
respective provisions of this code. In all types of
joints and their forms, it should be ensured that
there 1s a continuity ot the clad material and the
heat-affected zones are sound. The qualification of
wplrhng Prnrpdnrm and welders to he used on fillet

weillll roLegeuics anad 1CCTs 1O DO usea on et

and composite welds for a given combination of
materials and alloy weld metal shall be in
accordance with 7.1 and 7.2.

J-2.6 Alloy Welds in Base Metals — Butt
joints in base metal plates and parts may be made
between corrosion-resistant alloy steel filler metal,
or the joints may be made between corrosion-
resistant alloy steel and low carbon or low alloy
steel provided the welding procedure and the wel-
ders have been qualified in accordance with 7.1
and 7.2 for the combination of materials used.
Some applications of this rule are base metal weld-
ed with alloy steel electrodes, and alloy nozzles
welded to steel shelves.

J-2.7 Corrosion-Resistant Weld D

l'e + +3 hioh Adamactt £
Construction in which Geposits o1 corr

tant alloy weld metal are applied as a protective
covering on the surface of base metal plat

IS+ 2825 - 1969

parts and overwelded base metal joints, whether
adjacent or not to the edges of hmng sheets or

cladding material, shall be qualified in accordance
with 1271 t0 1278

VViLil JTamed ea WU guaei ews

J-2.7.1 The -qualification test plate shall con-
sist of a base plate not less than 300 mm long,
150 mm wide, and 6 mm thick, to which are
clamped or bonded two strips of lmmg or cladding
material separated by a gap left in the lining or a
groove cut in_the claddmg The gap or groove
shall run lengthwise of the test plate, apprc;mmatexy
midway of the plate width. The nominal thick-
ness of the lining or cladding shall be within 20
percent plus or minus of the “thickness to be used
in construction.

J-2.7.2 The width of gap shall be not less than
twice the nominal thickness of the lining or clad-
ding and not iess-than the maximum gap to be
used in construction, but need not be grea&than
20 mm in order to mmhfv wpldmu nrnredu es in
which the corrosion- resistant weld metal is de-
posited in contact with base metal and adjacent
lmmg or cladding material on two sides of a gap,
as in welding the joints in liner sheets or clad

nlates
plates.

J-2.7.3 The width of gap shall be not less than
an vrdar ta aualifv aldine nro

U I in oraéer o Liuauly vvylulus ruuCl.dulb)

in which corrosion-resistant weld metal is deposit-
ed in contact with base metal with lining or
cladding material on one side only as in- layering
corrosion-resistant weld metal on flange facings,

mar fam evnalidenn £11 warald
Or in Maxing filiet weias.

J-2.7.4 The weld joint shall be made between
the edges of the lining or cladding material by the
procedure to be used in construction. The
cooling of the test plate and any subsequent heat
treatment shall follow the procedure to be used
in construction.

J-2.7.5 The tests to qualify the weldmg proce-
dure shall be performed on two longitudinal bend
test specimens that conform to the dimensions and
other requirements specified under 7.1.5. The

specimens shall be tested in accordance with,
and meet the requirements of 8.6,

O Asace ol o .. A____ue__1 € __ __
J-‘to Allscaninenu 0[ ﬂppueu ulmngi —— '\pp'

lied linings may be attached to the base plate and-
other parts by any methods and processis of
welding that are not ‘excluded by this code. The
weldmg proccdure to be used in attachmg applied
linings to base plates and the method of det r-
mining the security of the attachment shall be a
matter for agreement between the user and ths
manufacturer.

1.9_8_1 Each wpldlng prgcgddrg to be used for
the bas

attachmg lining material to e plate shall
be qualified on lining-attachment welds made in
the form and arrangement to be used in construc-
tion and with materials that are within the range

¢Cochamical cammnasition of the material to ha 1ngad
T COCMiGar CONPOsIuCh ©r Wic nawwiia: O OC UG

for the base plate, the lining and the weld metal.
Welds shall be made in each of the position that
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TABLE j.1 WELDING OF STEEL CLAD WITH RUST-RESISTANT CHROME STEEL
AND AUSTENITIC CHROE-NICKEL STEEL

( Clause J-2.4)

Orke-
RA-
TION
No.

A

For ALL THICKNESSES OF
Crapping MeTAL

B

For THIckNESsSES OF CLADDING
METAL > 2'5 mm

ReMArks

Backing side weld preparation:
Single-V butt weld

BACKING METAL

£

Backing side weld preparation:
Single-V butt weld

BACKING METAL
o

ANSANNRNN [ 72?

/ -—1 =0 TO 8 mm
CLADDING METAL

Single-U butt weld

BACKING METAL

i

N
y

[N e

7

CLADDING METAL
Single-U butt weld

BACKING METAL

s

<

L]
/ o fa-0 TO 8mm
CLADDING METAL

NN
CLADDING METAL

D

N

Welding the backing side

L{CLADCING
ME TAL

SBACKING
METAL

Welding the backing side

CLADDING

METAL METAL

Single-V or single-U butt weld at option:

Single-V butt weld
o = 60°
b = 2 mm Max

Single-U butt weld
b = 2 mm Max
r =4 mm

When open arc welding by hand is used, ¢ is
made half the thickness of the metal which
must be deposited to put in the first run,
For semi-mechanical and fully mechanized
inert-gas, submerged-arc and other welding
processes, it may be necessary to provide a
larger gap between the root faces.

For method B, the sides adjoining the root
face must be clear of cladding metal for a
distance 2> 2 mm.

(2

Clad side weld preparation and
welding of sealing run

CLADDING
METAL

%Wl S ANNONAY)

tmm MIN

BACKING - METAL

Welding the clad side

v;\’C.L ADDING METAL

{BACKING METAL

Clad side weld preparation and
welding of sealing run

CLADDING
1mm MINT\ METAL

| s NININAN
¥/

BACKING METAL

Welding the clad side
CLADDING METAL

mw;@%‘;ﬁﬁm\\\\ 3

BACKING METAL

Welding with filler metal of like kind. When
welding the root, the cladding metal should
not be penetrated.

Cut out the root deep enough o ensure that:

a) the weld metal on the backing side is
reached, and

b) slag inclusions and cracks in the root are
eliminated. Weld the sealing run with a
filler metal suited to the backing metal
( see diagram) or, if necessary, with a
filler metal giving 2 tough intermediate
layer. The sealing run should be kept at
least | mm below the cladding metal. After
the backing metal should be ground
smooth ( where necessary ) before the clad-
ding metal is welded.

The first run of metal deposited on the clad side

should be put in with a filler of like kind.

a) Thin electrodes are needed for open arc
welding, whilst thin fller rods and not
too high a current are needed for the other
welding processcs. The diameter of the
filler used for welding the austenitic root
run should not exceed 3'15 mm for the
downhand (F) and vertical ( V') positions,.
or 4 mm for the horizontal-vertical (H)
position.

b) The welding current should be kept as
low as possible. The bottommost root fun
on the clad side may, if necessary, be weld-
ed with an austenitic filler baving an
analysis differing from that of the cladding
material. The subsequent runs, however,.
should be welded with fillers of a kind
matching the cladding as closely as possible,
or at least having the same corrosion
resistance.

228



are to be used in construction. One specimen
from each position to be qualified shall be sectioned.
polished and etched to show clearly the demarca-
tion between the fusion zone and the base metal.
For the procedure to qualify, the specimen shall
show, under visual examination without magnifi-
cation, complete fusion in the fusion zone and
complete freedom from cracks in the fusion zone
and in the heat-affected metal.

J-2.9 Thermal Stress Relief*

J-2.9.1 Vessels or parts of vessels constructed
of integrally clad or applied corrosion-resistant

*Caution: A 700°C stress-relieving treatment is within
the sensitized carbide-precipitation range for unstabilized
austenitic chromium-nickel stecls, as well as within the
range where sigma phase may form, and if used indis-
criminately could result in material of inferior physical
properties and inferior corrosion resistance which ultimately
<ould result in failure of the vessel,

IS : 2825 - 1969

lining material shall be stress-relieved when the
base plate is required to be stress-relieved. In
applying these rules the determining thickness
shall be the total thickness of integrally clad plate
and the base plate thickness having applied
corrosion-resistant lining,

J-2.9.2 Vessels or parts of vessels constructed of
chromium alloy stainless steel clad plate and those
lined with chromium alloy stainless steel applied
linings shall be stress-relieved in all thicknesses,
except that such vessels need be stress-relieved
only when required under J-2.9.1 provided the
cladding or lining joints are welded witt austenitic
stainless steel electrodes or a non-hardening
nickel-chromium iron electrode and the composi-
tion of the cladding or lining material is within
the specified limits with carbon content not
exceeding 0-08 percent.

TABLE J.2 WELDING OF STEEL CLAD WITH NICKEL AND NICKEL ALLOYS AND
WITH COPPER AND COPPER ALLOYS

( Clause J-2.4)
Nickel and Nickel Alloys

OPE- A B REMARKS
RA-
TION For aLL THICKNESSES OF For THickNEsses OF CLADDING
No. CLADDING MrTAL MEeTAL > 2°5 mm
1. see Table J.1 \
|
2 Welding the backing side Welding the backing side Welded with filler metal of like kind. If the

N\ |z wvv7s77) |

/BACK|NG £ CLADDING
METAL METAL

\ Ll

cladding metal is not cut away, care shall be
taken not to fuse it when welding the root
run.

CLADDING
METAL

3 Clad side weld preparation and
) welding of sealing run

1mm MiN+

BACKING METAL

Clad side weld preparation and
welding of sealing run

BACKING METAL

Cut out the root deep encugh to ensure thau

a) the weld metal on the backing side is
reached, and

b) slag inclusions and cracks in the root are
climinated. Weld the sealing run with
a filler metal identical in kind with the
cladding

or

putin a sealing run ( see diagram ) with a
high-nickel filler. The sealing run should
be kept at least | mm below the cladding
metal,

4. | Welding the clad side
CLADDING METAL

IS ILSY5 " NN
N

Welding the clad side
CLADDING METAL

BACKING METAL

The clad side should be welded with a
filler corresponding to the cladding metal.
To avoid undesirable mixing of the cladding
weld metal with Fe, as many runs as possible
should be put in, using thin filler rods with
the current kept down to the lower limiting
value. The filler metals us.d should give
not more than 0’1 percent by weight of
carbon in the weld metal. In the case of
Monel fillers, up to 0-15 percent by weight
can be tolerated.

( Continued )

229



18 2825 - 1969

TABLE J.2 WELDING OF STEEL CLAD WITH NICKEL AND NICKEL ALLOYS AND
WITH COPPER AND COPPFER ALLOYS -- Conid

Copper and Copper Alloys

Ore.- B ! ReMARKs
RA- !
TION FOR ALL THICKNESSES OF
No. CLADDING METAL
i. see Table J.1 \
) Welding the backing side | Welded with fillar metal of like kand. ) T

~BACKING, METAL

B

NGRS /77,
LCLADDING METAL

Clad side weld preparation and
welding the sealing run

CLADDINGMETAL
JANNNNN

3.

BACKING METAL

Cut out root deep enough to ensurc that:
a) the weld metal on the backing side is reached, and

b) slag inclusions and cracks in the root are eliminated,

Weld the sealing run up to the level of the underside of cladding with a filler
metal identical in kind with the backing metal.

s | Welding the clad side
) +CLADDING METAL
A

RV 27 S AANANN
N\

AR

S c
LBACKING METAL

of the cladding.

The clad side should be welded with a filler corresponding to the cladding metal.
The fir:st Jayer should be put in with straight runs starting adjacent to one side

Processes : manuval arc welding and inert-gas arc welding. When inert-gas arc
welding is used, the current must be kept as low as possible in order to minimize
fusion of the backing metal,
prevents the formation of contraction cracks.

Light hammering of the weld while still red hot

J-2.10 Radiographic Examination

J-2.10.1 Pressure vessels or parts of vesseis cons-
tructed of clad plate and those having applied
corrosion-resistant linings shall be radiographed
when requived { see 8.7.1). The plate thickness
specificd under ihis clause shall be the total plate
thickness for clad construction and the base plate
thickvess for applied-lining construction,

J-2.10.2 Base Plate Weld with Strip  Covering —
When the base platc weld in clad or lined cons-
truction is protected by a covering strip or sheet
of corrosion -resistant material applied over the weld
in the base plate to complete the cladding or
lining, any radiographic ecxamination required
under 8.7.1 may be made on the completed weld
in the base plate before the covering is attached.

J-2.10.3 Base Plate Weld Protected by Alloy Weld—
When a laver of corrosion-resistant weld metal
is used to protect the weld in the base plate from
corrosion. raciographic examinations required

under 8.7.1 shall be made as follows after the’

joint, including the corrosion-resistant layer, is
completed:
a) On any clad construction in which the
~ total thickness of clad plate is used in the
design calculations; and
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b) On lined construction. and on clad cons-
truction in which the base plate thickness
only is used in the design calculations,
except as otherwise permitted under

J-2.10.4.

J-2.10.4 The required radiographic examina-
tien may be madc on the completed weld in the
base plate Defore the corrosion-resistant alloy
cover weld is depesited provided all of the follow-
ing requirements are met:

a) The thickness of the base plate at the welded
Joint is not less than that required by the
design calculations;

b} The weld reinforcement is removed down
to the surface which is to be covered,
leaving it flush with the adjacent base plate,
reasonably smooth, and free from under-
cutting;

¢} The corrosion-resistant alloy-weld deposit
is not air-hardening; and

d) The completed corrosion-resistant weld
deposit is examined by spot-radiography
as provided in 8.7.2. Such spot-radio-
graphic examination is to be made .only
for the detection of possible cracks, - ™



J-2.11 Tightness of Applied Lining

J-2.11.1 A test for tightness of the applied lining
that will be appropriate for the intended service
is recommended, but the details of the test shall be
a matter for agreement between the user and the
manufacturer, The test should be such as to
assure freedom from damage to the load-carrying
base plate. When rapid corrosion of the base
plate is to be expected from contact with the
contents of the vessels, particular care should be
taken in devising and executing the tightness test.

J-2.11.2 Following the hydrostatic pressure test,
the interior of the vessel shall be inspected to de-
termine if there is any seepage of the test fluid
through the lining. Seepage of the test fluid behind
the applied lining may cause serious damage to
the liner when the vessel is put in service,  When
se¢page occurs precautions as laid down in J-2.11.3
shall be followed and the lining shall be repaired

IS : 2825 - 1969

‘by welding. Repetition of the radiography, the

heat treatment, or the hydrostatic test of the vesse!
after lining repairs is not required except when
there is reason to suspect that the repair welds
may have defects that penetrate into the base plate,
in which- case the inspector shall decide which one
or more shall be repeated.

J-2.11.3 When the -test fluid seeps behind the
applied liner, there is danger that the fluid will
remain in place u.. il the vessel is put in service. -
In cases where the operating temperature of the
vessel is above the boiling point of the test fluid,
the vessel should be heated slowly for a sufficient
time to drive out all test fluid gom behind the
applied liner without damage to tl.e liner. This
heating operation may be performed at the vessel
manufacturing plant or at the - plant where
the vessel is being installed. After the test fluid
is driven out, the lining should be repaired by
welding,

APPENDIX K
[ Clauses 7.2.4.1(B)(b)(2), 7.2.6.3(b) and 8.5.11 ]
METHOD OF PREPARING ETCHED SPECIMEN

K-1. GENERAL

K-1.1 The surfaces to be etched should be
smoothed by filing or machining or by grinding
on metallographic papers. With different alloys
and tempers, the etching period will vary from a
few seconds to several minutes and should be
continued until the desired contrast is obtained.
As a protection from the fumes, liberated during
the etching process, this work should be done
under a hood. After etching, the specimens should
be thoroughly rinsed and then dried with a blast
of warm air. Coating the surface with a thin
clear lacquer will preserve the appearance.

K-2. ETCHANTS FOR FERROUS
MATERIALS

K-2.1 Etching solutions suitable for carbon and
. low-alloy steels, together with directions for their
use, are suggested as follows:

a) Hydrochloric  Acid — Hydrochloric  acid
and water equal parts by volume. The
solution should be kept at or near the boil-
ing temperature during the etching pro-
cess. ‘The specimens are to be immersed
in the solution for a sufficient period of time
to reveal all lack of soundness that might
exist at their cross-sectional surfaces.

b) Ammonium Persulphate — One part of am-
monium persulphate to nine parts of water

by weight. The solution should be used
at room temperature and should be applied
by vigorously rubbing the surface to be
etched with a piece of cotton saturated with
the solution. The etching process should
be continued until there is a clear defini-
tion of the structure in the weld.

c) Iodine and Potassium lodide — One part of
powdered iodine, two parts of powdered
potassium iodide, and ten parts of water,
all by weight. The solution should be used
at room temperature and brushed on the
surface to be etched until there is a clear
definition or outline of the weld.

d) WNitric Acid — One part of nitric acid and

three parts of water by volume., ( Caution:
Always pour the acid into the \water,
Nitric acid causes bad stains and severe
burns,) The solution may be used at
room temperature and -applied to the
surface to be etched with a glass stirring
rod. The specimens may also be placed
-in a boiling solution of the acid but the
work should be done in a well-ventilated
room. The etching process should be
continued for a sufficient period of time to
reveal all lack of soundness that might exist
at , dthe cross-sectional  surfaces of the
weld.
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APPENDIX L
[ Clause 8.7.10.1(e) ]

PRO FORMA FOR REPORT OF RADIOGRAPHIC EXAMINATION

8. Vessel NO. .ovviiniiiiiiiiinnirarneestnrnrecensienersnns Material .......covveniiennens Electrode ..ovovveveininniniiininnn

Certified that the radiographs of the welded joints in the above pressure vessel have been taken in the position shown
as per specification/code .........coeiiiiiiiiniiiiiiii e

Office Seal signature of Manufacturer’s
Inspecting Authority
Serial No. Radiograph No.* Material thickness Interpretation and Remarks
*For suggested method of numbering radiographs, see Note.
NoTe — Numbering of Radiographs ( For use in ‘Radio- c) Following the above, where appropriate:

graph No.’ column of the Report Sheets only).

In making the radiograph, lead characters
should be used so that the resulting image shows
the Vessel Number or other identifying number
shown on the report and sufficient information to
enable the radiograph number used in the report
to be readily derived by inspection in accordance
with the following:

a) The radiograph number used in the Report
Sheet should commence with a numeral
and letter indicating the number and type
of seam radiographed, using the letters L
and C to denote longitudinal and circum-
ferential seams respectively.

The letters ( Rl ), { R2), etc, in brackets,
should be given to indicate where the
radiograph is a retake which has been made
following repairs made after consideration
of the original radiograph: the film taken
following each repair should be indicated
by the numbers 1, 2, 3, etc.

The letter { T. §.), in brackets, should be
given to indicate where a tube shift tech-
nique has been used, with two exposures
on one film.

The letter ( §), in brackets, should be given
to indicate a second exposure taken at an
angle.

The letter ( X), in brackets, should be

Example: given to indicate a film which shows the
. ) radiograph of two intersecting welds:
1C would refer to circumferential seam, this letter need not appear on the film.
number 1. : d) Examples of radiograph numbers based on
9L would refer to longitudinal seam, the foregoing procedure would be:
number 2. ' 2C-15/16 — indicating  the radiograph

b) Following the above, and after a hyphen,
numerals should be given to indicate the
position of the radiograph along the seam.
Where, for example, a radiograph shows
the seams for the unit of length between
positions 24 and 25, these reference num-
bers would be 24/25.
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covering the unit length between positions
15 and 16 on the second circumferential
seam.

11-31/32( R2 ) — indicating the radiographs
covering the unit length between positions
31 and 32 on the first longitudinal seam
following second repair.
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APPENDIX M
( Clause 8.3.1.1)

PRO FORMA FOR MAKER’S CERTIFICATE OF MANUFACTURE AND PRODUCTION TEST
1. MANUFACTURE

Manufacturer’s RAME AN AAAIESY «.vivviivieit e ttrieriererre et iaeie s et roer e a et s sttt sttty
Purchaser’s name and address .......c..cvvveniiiieninnnns et Name of the purchaser ........oooveiiiiiiiniiniiiiniien.
Inspecting authority & address..........cocconieeennniee
Type of vessel { horizontal ............c.coociiiniin. Vessel No. ( Manufacturer’s.........coveeeeeenniens Year built..................
or vertical } Serial No. )
No. of shells & drums...........ccenninns Dia (inside or outside ).......cevivirannnnes Overall length or height of vessel............
Identification marke or SEAIPS......iveveriivinniinenninernicsiriiissia Drawing NO. ..oeeerinnrreriieiniiien, .
Brief description of vessel ( Intended use or application, duty, €£6)  «coooviniinner e
Working pressure..........ccoovnennniiinnns Design pressure......o..o.ovveeniiiinn Hydraulic test pressure .......oooceinoeinniiinnens
ydraulic test .......iceniiiiiiiinn, verreeaens
Witnessed by oo
Working temperature............ooovivenin. PN Design tempPerature.....ceouessiireriiniiiiiiiiiisensninnn
Joint efficiency factor : Long seam.........ccooivceriirmnnnenreniininninae Girth or circumferential seam ............covnviiiivinen, .
Shell plates { Thickness)....... e Type of seam : Longitudinal.............oiiiiinncees Girth or circumferential ........ .
(No. & TYPE ) oiivvniirrninvennis e (No. & Type)..covvnrreicennnnn
Materials of construction ( material SPECIICAtION ).iviuueieriiiiieririiniininie i
Tensile strength......c.coviviirnininiiniiinn Elongation.........ccovvuverrenes Chemical composition, if any........ Civeesreen
Heat treatment { preheat, . oveiiiiiiienviiiiisininiiiesissiieiess s Details of heat treatment
stress relief or Lol Preheat temperature.........coocoiieeen if any (to be attached as
normalizing ) e an enclosure )
Whether steel maker’s certificate of manufacture & results of test attached............o.ooivninini .
Details of shop inspection ( Report of......ccovviiiieniiienninnn Calibration and dimensional .......cociviiiviiiiiiiiiiinnn,
manufacturer’s inspecting authority ).....cocceeviinviniiinnin Check on vessel e
Details of repairs carried out, if any, to seams during COMSLIUCTION. .. coiivitrirtriinirieiiii s
Details of radiography and other non-destructive test reports ( mention report No. & date)......ccccovninniiiiiiiiniiiinn .
Whether welding procedure qualified...........cooovieviniiinncininnnnn Whether welder’s performance certified..................

II. PRODUCTION TESTS ( MECH)

1. REDﬁCED—SECTION TENSILE TEST

Specimen  Dimensions, mm Area Gauge Ultimate Tensile Yield Point Elongation Character of Remarks.
No. ——H——n— mm? Length Load, kgf Strength percent Failure and
Width Thickness mm kgf/mm? Location

..............................
................................................................ D R T R T YT PR

2. ALL-WELD METAL TENSILE TEST

Specimen  Dimensions, mm Area Gauge Ultimate Tensile  Yield Point Elongation Character of Remarks

No. Diameter mm? Length Load, kgf Strength percent Failure and
mm kgf/mm? Location
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3. GUIDED FACE-BEND TEST ( TRANSVERSE)

Specimen Angle of Former Thickness of Description, Location, Nature and Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm

4. GUIDED ROOT-BEND TEST ( TRANSVERSE )

Specimen Angle of Former Thickness of Description, Location, Nature and Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm

5. GUIDED SIDE-BEND TEST ( TRANSVERSE )

Specimen Angle of Former Thickness of Description, Location, Nature and Size Remarks
No. Bend Radius Specimen of any Crack or Tearing of Specimen
mm mm

6. NICK-BREAK TEST

Specimen Type/Depth Specimen Description, Appearance of Fracture Result
No. Nick Thickness ’
mm

7. IMPACT OR NOTCHED BAR TEST

pecim¢ 'l‘yFe Specimen Test Impact Values  Appearance of Remarks
s No. « Not Temgarature kgf.m/m*. Fracture :

8. MACRO EXAMINATION & HARDNESS TEST

Specimen ’ Type of Etchant Observation Remarks
or ation

Certified that the particulars entered in this rt are correct. The workmanship, inspection and tests have been
carried out in accordance with the provision of IS : 2825-1969.

Countersigned by

( Signature & Designation ) Signature of manufacturer

Inremn; Authority, Purchaser’s Office Seal Designation
chtulenntwe Date

Date
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APPENDIX N*
( Clause 0.5 )

INSPECTION, REPAIR AND ALLOWABLE WORKING
PRESSURE FOR VESSELS IN SERVICE

N-1.1 This appendix deals with inspection,
repair and allowable working pressures in vessels
in service. The requirements of this appendix are
only recommendatory.

N-2. TERMINOLOGY
N-2.0 For the purpose of this appendix, the follow-

ing definitions shall apply.

N-2.1 Service Inspector — A person who by
reason of his training and experience is competen
to undertake the inspection of pressure vessels.
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vessel by service inspector ‘externally and inter-
nally, wherever possible; it may be only visual
examination or it may be supplemented by touch

or other sensory action or by means of tests,
N-3. INSPECTION

N-3.0 Vessels constructed in accordance with
this code shall be permitted to operate under the

conditions for which thev were desioned for a

CONGIUCLS UL Waailaa %y cesignec a

period determined in accordance with this
appendix and where this and each subsequent
eriod is elapsed the vessel should be inspected as
in the following paragraphs and the allowable

conditions for service and the next ppﬁnrl of
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inspection established.

If the conditions of operation are changed, the
allowable working pressures, or temperature or
both and the next period of inspection should
be established by these new conditions.

If both the ownership and location of the vessel

shall be
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arc Chausl;u, ‘ mspectca as
required in this-appendix and the allowable
conditions of service and the next period of

inspection established.
N-3.1 Periodicity of. Inspection

N-3.1.1 The maximum period between inspec-
tions should not exceed one-half of the estimated
remaining safe operating life of the vessel, which
requires deduction of 50 percent of the remaining
corrosion allowance from the last measured
minimum thickness in computing the allowable
working pressure.

In cases where part or all of the vessel has a
protective lining, then maximum period between
inspections should be determined from a considera-
tion of any previous record for the lining during
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following:

a) The corrosion allowance on the protected
parent metal if there is any likelihood of
the lining failing, and

b) The remaining corrosion allowance on the
parent metal if it were not protected by
lining.

N-3.1.2 Dependence on Corrosion — In addition to

the requirements of N-3.1.1, the period betweern
the

followine
ne

inenantine chall ha e
o€ § iL:0wWing
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requirements:

iant to
usject W

Si  Corrosion Raie Perceni  Period of Inspeciion

No.  of Minimum Wall not to Exceed
Thickness Under the
Operating Conditions
Years
— -
a) — >10 1
b) > 8 310 2
c) > 6 > 8 3
d) =4 b 6 4
€) —_ > 4 5

N-3.1.3 Safety and Pressure Relief Devices — The
safety valve equipment and other pressure relief
devices, sueh as rupture dicks, safety valves, etc,
should be inspected and tested as frequently as
necessary but at least once in a year.

N-3.1.4 In addition to the thorough inspection
as required under N-3.1.1, N-3.1.2 and N-3.1.3

all vessels chall he oiven o

N
yvienial avianmal awnend
ail vesseis shals ot given a
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nation at least once in a period of six months to
determine the condition of supports, insulation
and the general conditions of the vessel,

N-3.1.5 Special Cases

N-3.1.5.1 Vessels not in continuous service —

assume that the vessel is operating with normal
shut-down intervals. If the vessel is out of service
for an extended interval, the effect of this change
in condition may be considered in revising the
data for the next inspection, which was established
and reported at the time of the previous inspec-
tion. If the vessel is out of service for a conti-
nuous period of one year or more, it should be
given an inspection before it is again placed in
service.

N-3.2 Inspection for Corrosion

N-3.2.0 The minimum thickness and the maxi-
mum corrosion rate for any part of the vessel

~ad ana IR SR T . |
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m
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*See also Section 31 of the Factories Act, 1948 and the Rules made thereunder.
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under N-3,1 by any suitable method or as
follows.

N-3.2.1 The depth of corrosion in vessels
subjected to corrosive service may best be deter-
mined by gauging from protected surfaces within
the vessels, when such surfaces are available.
These protected services may be obtained by
welding corrosion-resistant strips or buttons to the
corrosion susceptible surfaces of the vessel and
removing the strips during inspection.

When strips or buttons cannot be used becaunse
of electrolytic action or other reasons, small
holes may be drilled from the corrosion susceptible
surface at suitable intervals to a depth equal to the
metal thickness allowed for corrosion, and these
holes plugged with protective material that can be
readily removed to determine from time to time
the loss in metal thickness as measured from the
bottom of these holes.

N-3.2.2 When the depth of corrosion cannot be
readily determined otherwise, holes may be
drilled in portion of the metal where corrosion is
expected to be the maximum and the thickness
obtained by taking thickness gauge measurements
to the next 0-8 mm below the gauge reading or
any suitable method that will not affect the safety
of the vessel may be used provided it will assess
the minimum thickness accurate to within
0-8 mm.

N-3.2.3 Where the area in the vessel is exces-
sively corroded, the average of the least thickness
within that area may be considered as the thick-
ness of the metal, This thickness should be used
as a basis for computing the allowable working
pressure and for determining the corrosion rate
at that location.

N-3.2.4 Isolated corrosion pits may be ignored
provided their depth is not more than 50 percent
of the thickness of the vessel wall and the total

_area of the pits does not exceed #5 cm? within any
20 cm diameter circle.

N-3.2.5 Correction of Corrosion Rate—If on
measuring the wall thickness at any inspection,
it is found that an inaccurate rate of corrosion
has been assumed, the rate to be used for the next
period should be suitably modified to conform to
the actual rate found.

N-3.3 Inspection for Defects

N-3.3.0 The parts of the pressure vessel which
need to be carefully inspected depend on the type
of vessel and the operating conditions to which it
is subjected. The inspector should suitably
modify the requirements given under this para-
graph to meet the special needs peculiar to local
conditions. All surfaces before inspection should
‘be thoroughly cleaned.

N-3.3.1 Shells — All surfaces of the shell plate
shall be carefully examined for cracks, laminations,
and other injurious defects.

N-3.3.2 End Plates — The inner surface of the
knuckle radius of domed ends, etc, when not pro-
tected by lining should be carefully examined for

236

cracks or other signs of distress. If the ends show
evidence of distortion, corrosion resistance lining
should be removec. and the inner surface of the
knuckle carefully inspected and the head shape
checked against the design.

N-3.3.3 Foints — The inner and outer surfaces
of the welded joints should be carefully inspected
for possible cracks by magnetic particle inspec-
tion or any other suitable method. Corrosione
resistant lining or outside insulation which appear
to be sound need not be removed to inspect the
joints unless unsafe conditions are suspected.

N-3.3.4 Nozzles and Openings — Nozzles and
their attachments should be examined for distor-
tion and for cracks in the welds and particular
attention given to welds in the reinforcement plates.
Riveted or bolted nozzles should be examined
for corrosion of heads and other conditions which
may affect tightness. Threaded connections should
be examined for appearance and if they
seem deteriorated, the threaded nipple should be
removed to permit check on the number of threads
that are defective. If careful inspection shows
no unsafe condition, sound corrosion-resistant
lining used need not be removed.

N-3.3.5 Linings

N-3.3.5.1 In vessels provided with corrosion-
resistant linings, the lining should be examined
to check that no cracks exist. If there is evidence
of cracks or other openings in the lining, portions
should be removed to check if there is corrosion
taking place in the shell behind the lining.

N-3.3.5.2 For vessels that are used in corro-
sive service in which deposits, such as coke cinder,
are formed or permitted to remain, examination of
the plate at critical points should be made to see
that no corrosion takes place behind the deposit.

N-3.4 Check of Dimensions — The vessels
should be examined for visible indication of dis-
tortion and if any such distortion is suspected, the
overall dimensions of the vessel should be checked.

N-3.5 Safety and Pressure Relief Devices —
The safety valves and other protective devices,
such as rupture discs and vacuum valves, where
used, should be checked to see that they are in
proper condition. This inspection in the case
of valve will normally include a check on the
required operation at the set pressure, a check
that the proper spring is installed for the service,
and that the discharge header and outlets are
free of loose corrosive products or other stoppage.

N-3.6 Temperature Measuring Devices —
Temperature measuring devices where used for
determining metal temperature in excess of
450°C should be checked for accuracy and general
condition.

N-3.7 Allowable Operation Based on Inspec-
tion Data

N-3.7.1 Defects or damage discovered during
inspection should be repaired in accordance with
the requirements of item or should constitute the
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or as a final resort for retiring the vessel from
service.

N-3.7.2 Allowable ~Working  Pressure — The
allowable working pressure for a vessel in
operation should be computed with the proper
formulae in this code using the dimensions actually
determined for thickness ‘¢’ and twice the estimated
corrosion allowance before the next inspection
and making suitable allowances for the other load-
ings specified in this code.

The allowable working pressure of vessels,
designed or built with one or more openings, for
which the closures are auxiliary equipment not
part of the pressure vessels, may be determined

only after due consideration of the auxiliary
equipment to be used as closures.

raduecing the allowable working pressure
reduc he a g p
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N-3.8 Record of Inspection

N-3.8.1 A permanent and progressive record

should be maintained for each pressure vessel

smanufactured in accordance with this code given
MG UIATLUI UL 111 GULWVAwsaaL s Travas vasaw LUe™ mabvas

in the following information:

2y Qo e bn Al tha cranaale
&) Ofrial NUINUTTE U1 Uit viasti,

b) Thickness at critical points at each inspec-
tion;

¢) Maximum metal temperature at critical
points;

d) Computed permissible working pressure at
the time of next inspection;

¢) Hydrostatic test pressure or its equivalent,
if so tested; and

f) Date of next inspection.

A typical form for keeping the records is given below:

1812825 - 1969

OF CORROSION

N-4.0 For new vessels and in case of vessels for
which service conditions are being changed, the
probable rate of corrosion for which the remaining
wall thickness at the time of inspection can be
estimated should be computed by one of the
methods given in the following clauses.

N-4.1 The corrosion rate established by accurate
data collected by the owner or user of vessels in the
same or similar service.

N-4.2 Where accurate measurements are not
available, the probable rate of corrosion estimated

fram the insnector’s knowledeoe and exneriencea of
IO LIS INSPOLLOT § KNUWLCLESC &l CXPITICCee Gk

vessels in similar service.

. .
amncr

AY A T, LL VL a1
IN"R D Dy LNICKIICSS INCasSurcincnis Iimaqac
1 000 hours in use.

N-4.4 One normal run of ionger duration than
this and subsequent sets of thickness measurements
after additional similar intervals. If the probable
corrosion is determined by this method the rate
found while the surface layer, was present, should
not be applied after the surface layer has dis-
appeared.

N-5. REPAIRS, ALTERATIONS, ADDITIONS

N-5.0 No repairs, additions or alterations to
vessels covered by this code should be undertaken
until the proposed repair and its method of execu-
tion has been approved by the inspector. Repairs
should be of the highest quality of workmanship
executed in a manner and by practices acceptable

Record of Service Inspections of Vessel No. ................

Date of Thickness i Maximum l Maximum ! Calculated l Date of Signature of
inspection at critical i metal corrosion i allowable next’ Inspector
points* temperature at allowance working inspection
critical points remaining pressure

*The position of these critical points shall be marked up on a sketch or a copy of manufacturing drawing to be attached

to this record,
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under the provisions of this code and under proper
supervision. Complete records of repairs, altera-
tions and additions shall be made and maintained
for future reference.

-All welding should be done by qualified welding
operators who have demonstrated their ability
to meet all requirements of the welding and under
conditions that will prevent excessive stress
developing in the vessel. Where welding has
been done on vessels that have been stress-relieved
in accordance with the provision of this code,
the parts affected should be stress-relieved wherever
it is required by this code. If stress-relieving is
not required and is not done, the joint efficiency
'shoulld conform to that permitted for a class 3
vessel.

N-5.1 Welded Joints and Plates — Repairs to
welded joints, cracks and to.minor plate defects may
be made after chipping out a U- or V-shaped
groove to the full depth and length of the crack
by filling this groove with weld metal.

N-5.2 Corrosion Pits +— Isolated corrosion pits
‘may be chipped out to sound metal and filled up
by weld metal.

N-5.3 Corroded or Distorted Flange Faces —
Corroded flange faces should thoroughly be cleaned
and built up with weld metal and remachined
in place to a thickness not less than that of the
original flange. Corroded flanges may also be
remachined in place without building up with
weld metal, provided that all metal removed in
the process comes from a raised face and does
not reduce the thickness of the main portion of the
flange.

N-5.3.1 Warped Flanges — Warped flanges
which cannot be remachined or flanges which
have become distorted due to excessive tightening
of the flange bolts should be replaced with new
flanges welded on in accordance with the require-
- ments of this code.

N-5.4 Cracks at Tapped Opening — Repairs
to cracks at a tapped opening merely by chipping
out, welding or re-tapping is not recommended.

238

A fully reinforced flange nozzle may be in-
stalled, or if a tapped connection is required it
may be provided by welding in a section of scam-
less tubing for the full depth of the plate of length
at least twice the plate thickness and at least 25 mm
in diameter larger than the tapped opening, or
by other adequate reinforcing.

N-5.5 Application of Patches of Vessels by
Welding

N-5.5.1 Patches to be welded to vessel walls
should meet the same specifications as the plate to
be repaired. All details of the welding procedure
should conform to those followed in welding the
main joint of the vessel. If the patch is to be
inlaid in a seamless section, a stress-relieved double
welded butt joint should be made. Care should
be exercised to prevent cracking,

If the patch is to be applied as an overlay,
welding should be performed in the same manner
as for a reinforcing plate around an opening and the
proportion of the patch being determined in
accordance with this code. The application of
patch plates to both the outside and inside of
the vessel wall is preferred to a single overlaid
plate. Overlaid patches attached by welding
should be limited to wall thickness not over 16 mm.

N-5.5.2' Alterations or new connections that
may be installed on vessels shall conform to the
requirements of this code as regards the design,
location and method attachment.

N-6. HYDROSTATIC TEST

N-6.1 Where it is not possible to inspect the
interior of the vessels as required under 3, it
should be subjected to a hydrostatic test or
equivalent.

N-6.2 A vessel which has undergone repairs or
alterations and which in the opinion of the
inspector is of sufficient magnitude to affect its
safety should be given hydrostatic test or equi-
valent in accordance with the provisions of this
code.



AMENDMENT NO. 1 SEPTEMBER 1977
TO

IS : 2825-1969 CODE FOR UNFIRED
PRESSURE VESSELS

Alterations

[ Page 18, clause 3.4.2 (c) ] — Substitute ‘Torispherical’ for ¢ Dished
and flanged ’.

[ Page 19, caption of Fig. 3.3 (C) ] — Substitute ¢ Torispherical Ends® foy
¢ Dished and Flanged Ends ’_

( Page 21, clause 3.4.5, Note 2, line 3 ) — Substitute \/iT > for
‘dy/ tD,’ at both the places.

( Page 24, clouse 3.6,1.1, definition of symbol D) — Substitute the
following for the existing definition:

¢ D = diameter or short span measured as in Table 3.7, in mm;’.

[ Page 33, clause 3.8.5.2 (b) (3), definition of symbol Hy, line 6] —
Substitute * Vd (¢ —2¢)’for*Vd(t—2C)".

( Page 43, clause 4.4, definition of symbol A )— Substitute ‘mm’ for
‘mm?’,

( Page 43, clause 4.4, definition of symbol Cr)— Substitute the following
for the existing matter:

¢ Cr = bolt pitch correction factor

— bolt spacing
' 2 ( bolt diameter ) + ¢
The value of Cr shall be, however, not less than 1.’

( Page 44, clause 4.4 ) — After the definition of symbol Fi. and before
the sign of equality ¢ = ’insert the notation ‘ f’.

( Page 44, clause 4.4, definition of symbol G, line 7) — Substitute
‘bo > 6'3mm’ for ‘b> 63 mm’.
[ Page 46, Fig. 4.1 (B) ] — Substitute ‘ h * for “ h, *.
[ Page 46, Fig. 4.1 (E), (F), (G) ]
a) Add the following caption above the figures:
¢ INTEGRAL-TYPE FLANGES’
b) Substitute ‘ he’ for ¢ h, > and * Hr’ for ‘H, ’,

Gr1l 1



( Page 47, Fig. 4.2 ) — Substitute © 5, € 63 mm ’ for * 5, = 6:3 mm *.

( Pages 54 and 55, Table 4.2, col I and 11 ) — Substitute * W’ for Sw’
and ‘T’ for ‘25 T .

(Page 67, clause 6.4.2.3, last sentence) — Substitute the following for

the mrm'rmu sentence:

‘When plates are flame-cut, the edges should be examined, as far as

~esible immediatel ?
possible, immediately after this operation.

(Page 72, clause 6.6.6, second sentence ) — Substitute the following for
the existing sentence:

¢ Unless otherwise specified the out of straightness of the shell shall not
exceed 0°3 percent of the total cylindrical length in any 5 m length. ’

( Page 75, clause 6.12.2.5, line 8) — Substitute ¢ physical properties’
Sor ¢ yield point °.
( Page 78, clause 6.12.4.2, line 5} — Substitute * weld ’ for ¢ shell’,

[Page 103, clause 8.7.1.1 (c), line 4] — Substitute ‘ 19 mm ’ for
min

con
pAY)

( Page 167, Table C.5, last row ) — Substitute ‘—2i’_for ¢ %’.

( Page 167, clause C-4.3.2.4, definition of f; ) — Substitute the following
for the existing maiter:

¢ fo = pD, C/2¢t x 100 in which C is the shape factor from Fig. 3.7.’

[ Page 168, equations ( C.19 ) and { C.20 ) ] — Substitute ‘I’ for “ 1’
at both the places.

( Page 181, clause F-4.1, dsfinition of symbol I, line 2 ) — Substitute

¢ omid fnr ‘mm‘ ’,

N



( Pages 115, 116 and 117, Table A.1) — Substitute the following for the existing Table:

MATERIAT,

GRADE OR

SPECIFICATION DESIGNATION

1S : 2002-1962
1S : 2002-1962
1S : 2002-1962
IS : 2041-1962
IS : 2041-1962
IS : 1570-1961
1S : 1570-1961

1S :2004-1962
1S : 2004-1962
1S : 2004-1962
IS : 2004-1962
1S : 1570-1961

1S :2611-1964
18 :1570-1961

IS : 3609-1966

1S : 3609-1966

1S : 1570-1961
IS: 1914-1961

1S:1914-1961
1S :2416-1963

I

2A

2B
20Mo055

20Mn2
15Cr90Mo55
C15Mn75

Class I
Class 2
Class 3
Class 4
20Mo55

15Cr90Mo55
10Cr2Mol

19Cr - %Mo
Tube Norma-
lized and
Tempered

2}Cr - 1%Mo
Tube Norma-
lized and
Tempered
20Mo55

32 kgfimm2, Min
Tensile Strength
43 kgf/mm?2, Min
Tensile Strength
32 kgf/mm?, Min
Tensile Strength

TABLE A.1 ALLOWABLE STRESS VALUES FOR CARBON AND LOW ALLOY STEEL IN TENSION

CATEGORY
or
CHEMICAL
ConMrpo-
SITION
( see TaBLR

>»U> E>

[T Rl e i i

> o» » W

MECBANICAL PROPERTIES
A

ALLOWABLE STRESS VALUES IN kgf/mm? AT DEsicy TEMPERATURE, °C
A

“Tensile Yield Percentage '
Strength Stress Elongation

Min Mia Min
kgffmm2  kgf/mm? on Gauge

Rgo Ego Length__

= 5‘65\/5‘0

37 0-55R 29 26

42 O'SORgo 25

52 0°50R g9 20

48 28 20

52 30 20

50 30 20

42 23 25

37 0'50R 3 —_

44 0'50R20 15

50 0-50Rg 21

63 0-50Rq9 15

48 28 20

50 30 20

50 32 20

‘44 24 950/Rgp

49 25 950/Rg0

46 25 950/Rgg

32 0:50R 29 950/R 30

43 0'50R ¢ 950/Rsp

32 050R20 950/R20

—_—
Up Up Up
to to to
50 100 150

Plates

12-3
129
159
160
17°3
166
140

it-d
11-9
147
160
17:0
16-6
1340

123
140
17-3
160
173
166
14:0

Forgings

113 104
134 124
153 141
193 178
160 160
166 166
166 166

12:3
14'6
16-6
21-0
160
16'6
16°6

Tubes, Pipes

146 146 142

163 156 150

153
9-8

153
10°6

146
90

143 131 122

106 98 90

104
108
13:3
158
15-4
166
118

95
11-3
128
161
153
166
16'6

136

145

136
82

82

35

98
121
143
140
16:0
10:7

86
102
11-7
14:7
14-3
160
166

12:8

140

128

7°4

1000
74

Up
to
300

87

90
111
13-2
12'8
152

98

7-9

93
10:7
13-4
132
15:2
16'6

12:1

13:5

i1-8

6-8

92

6'8

Up
to

Up
to

350 375

7'8
81
10:0
12:3
11'6
144
89

7
55

96
122
12:3
14-4
16°4

11-0
62

83

6-2

75
77
95
119
11:0
138
84

68

80

91
11'5
11-9
13:8
161

12:6

Up
to
400

72
74
83
115
83
13-4
81

00
77
83
8-3
115
13-4
158

10°7

12:3

Up

(]
425

59
59
59
11-2
59
130
59

58
59
59
5.9
112
13:0
153

104
12:0
10-0

50

59

50

Up
to
450

43
43
43

108

43

126

43

43
4-3
43
43

10-8

12'6

149

10:0

116

96

43

43

43

Up Up

to
475

36
36
36

36
117
36

3-6
36
36
36
7-7
11'7
12:7

97

113

77

36

36

36

to

500

86

9'6

56

Up
to
525

58

70

37

Up
to

550

-

Up Up
to to
575 600
32 23

( Continued )




TABLE A.1 ALLOWABLE STRESS VALUES FOR CARBON AND LOW ALLOY STEEL IN TENSION — Contd

MATERIAL GRADE OB CATEGORY MECEANICAL PROPERTIES Arrowasis STrEss VALUES IN kgf/mm? ar DesioN TEMPERATURE, °C
SprorFIcATION  DESIGNATION OoF ——— —A e —te
CHEMICAL Tensile Yield Percentage Up Up Up Up Up Up Up Up Up Up Up Up Up Up Up Up Up
Compo- Strength Stress Elongation to to to to to to to to to to to to to to to to to
SITION Min Min Min 50 100 150 200 250 300 350 375 400 425 450 475 500 525 550 575 600
(see TABLE kgf/mm? kgfimm® on Gauge
Rgo E 20 Length
=565V %
IS:1978-1961 St 18 A 31-6 176 - 105 105 99 90 82 75 67 64 62 59 43 36 — — —_ — —_—
St 20 A 33-7 197 — -2 12 112 101 92 84 76 72 69 59 43 36 — —_ - = —_
St 21 A 337 2111 — 112 1112 112 108 98 90 81 77 74 59 43 36 — —_ = = -
St 25 A 42:2 24-€ — 140 140 139 126 11'5 105 95 90 83 59 43 36 — — — @~ —
18:1979-1961 St 30 A 42+2 29'5 — 140 140 140 140 138 126 11'5 108 83 59 43 36 — — —-_ - -
St 32 A 44-3 32-3 — 147 147 147 147 147 138 125 118 83 59 43 36 — —_— = = =
St 37 A 464 366 — 1544 154 154 154 154 154 141 134 83 59 43 36 — —~_ = = =
Castings*
1$:3038-1965 Grade 1 A 55 35 17 137 137 137 135 122 112 1001 96 62 44 32 27 — e -
Grade 2 B 47 25 17 17 16 110 1002 96 88 82 80 77 75 72 58 42 28 .~ @~ @
Grade 3 C 52 31 15 130 130 130 127 119 110 102 99 96 93 84 58 42 28 — —
Grade 4 D 49 28 17 1272 122 1222 119 11-2 106 101 97 93 91 88 85 65 4¢ 26 — —
Grade 5 E 52 31 17 13-0 130 130 130 130 125 119 117 114 111 1008 95 72 53 37 24 —
Grade 6 F 63 43 15 157 157 157 157 157 157 155 149 144 140 135 67 49 35 26 1'7 09
1S:2856-1964 C Sw-C20 A 42 21 20 105 96 89 80 73 67 61 57 55 44 32 27 16 — — ~— —
C Sw-C25 A 49 25 18 122 11’5 106 96 87 80 72 68 62 44 32 27 16 — — -
Rivet and Stay Bars
15 : 1990-1962 A 37 055R gq 26 123 123 11'5 104 86 79 71 68 65 59 43 36 — —_ = = =
A 42 0°55R 29 23 140 140 131 118 98 90 81 79 74 59 43 36 — - @@= @0~
Sections, Plates, Bars
15:226-1962 St 42-S A 42 24 23 140 140 136 123 98 90 81 — — — — @ — = @ — = = -
15:961-1962 St 55 HTW A 50 29 20 166 166 164 148 11'7 1007 96 — — — = — -— _— - _ -
15:2062-1962 St 42-W A 42 23 23 140 140 130 118 98 90 81 — — — — —_— = = e e =
15:3039-1965 Grade A A — — — 140 140 130 11'8 98 90 Bl — = - @— @ @— @ — - —_ =
Grade D A — — — 146 166 164 148 11'7 107 96 — — — — — — —_ = = -
15:3503-1966 Grade 1 A 37 0-50R ¢ 26 12.3 11'3 104 95 86 79 71 68 65 59 43 36 — - - — -
Grade 2 A 42 0-50R 34 25 140 129 119 108 98 90 81 77 74 59 43 36 — — @ — — —
Grade 3 A 44 0'50R 5 23 46 134 124 11'3 102 93 85 80 77 59 43 36 — — — — @ —
Grade 4 A 47 0°50R 59 22 156 144 133 1221 110 1000 91 83 83 59 43 36 — — — ~—
Grade 5 A 50 0-50R 49 21 166 153 141 128 11'7 1007 96 91 83 59 43 36 — — — —~ -
18 :3945-1966 Grade A-N A 44 24 23 146 146 136 123 98 90 81 —~ — — — — — - = = -
Grade B-N A 50 285 20 166 166 161 146 117 1007 96 — — — — - e

*These values have been based on a quality factor of 0:75. For additional inspection as detailed in Note to Table 2.1, a quality factor of 0'9 shall be used and the above stress values increased
proportionally. h

(EDC 48)
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Sl
No.,

1.

2.

3.

AMENDMENT NO. 2

TO

OCTOBER 1978

IS:2825-1969 CODE FOR UNFIRED PRESSURE VESSELS

Alterations

(Page 6, clause 1.3.1.1, para 2)—
Substitute the following for the existing
paragraph:

‘All welded joints of Class 1 vessels
shall meet the requirements stipulated in
col 3 of Table 1.1. All butt joints shall
be fully radiographed. Circumferential
butt joints in nozzles, branches and
sumps not exceeding 170 mm outside
diameter or 19 mm wall thickness need
not be radiographed ( see 8.7.1.1) except
for vessels that are to contain lethal* or
toxic substances.’

( Page 6, clause 1.3.1.1, paras 4 and 5) —
Substitute the following for the existing
paragraphs:

‘a) Category A — Longitudinal welded
joints within the main shell, commu-
nicating chamberst, transitions in
diameter, or nozzles; any welded
joint within a sphere, within a formed
or flat head, or within the side
plates of a flat sided vessel; circum-
ferential welded joints connecting
hemispherical heads to main shells,
to transitions in diameters, to nozzles,
or to communicating chamberst.

Category B — Circumferential welded
joints within the main shell, commu-
nicating chamberst, nozzles or
transitions in diameter including joints
between the transition and a cylinder
at either the large or small end;
circumferential welded joints connec-
ting formed heads other than
hemispherical to main shells, to
transitions in diameter, to nozzles,
or to communicating chamberst.’

{ Page 8, Table 1.1, against Sl No, 3(b),
col (5), (6) and (7)]— Substitute the
following for the existing matter in each
of these columns:

¢ Maximum thick-
ness 16 mm before
corrosion allow-
ance is added,
and 18 mm after
adding corrosion
allowance '

~ (Page 11, clause 2.2.4 ) — Substitute the
following for the existing clause:

2.2.4 Bearing Stress — The maximum per-
missible bearing stress shall not exceed the
allowable stress value.’

b

~

Gr 2

N

No.
5.

10.

11.

12,

13.

14.

[ Page 11, clause 3.1.3.1 (c) ] — Substitute
the following for the existing text: '

‘c) Wind loading in combination with
other loadings ( see C-4.1.3 ),

d) Seismic loads (see IS : 1893-1975* ),

( Page 11, foot-note ) — Add the follow-
ing new foot-note:
‘*Criteria for earthquake resistant design of
structures ( second revision ).’
( Page 12, clause 3.2.2) — Add
following note after the clause:

‘Nore — All calculations in this Code are in
corroded condition unless otherwise specified.’

( Page 12, clause 3.2.3, para 2 ) — Add
the following at the end of the paragraph:

‘In such cases tell-tale holes, suitably
disposed, shall be provided on the vessel
wall so that easy detection of leakage in
welds in lining is made possible. They
shall have a depth not less than 80 percent
of the thickness required for a seamless
shell of like dimensions or they may
extend to the lining.’

( Page 13, clause 3.3.2.1, definition of
symbol E') — Delete the words ¢ see Tables
3.1,3.2,33and 3.4)".

( Page 13, clause 3.3.2.4, definition of
symbols E, E, ) — Delete the words ¢ ( see
Tables 3.1, 3.2, 3.3 and 3.4 )’.

(Page 14, Tables 3.1,3.2,3.3and 3.4 ) —
Delete.

( Page 15, clauses 3.3.3 and 3.3.3.1 )—
Substitute the following for the existing
clauses:

©3.3.3 Shells Subjected to Extend Pressure

3.3.3.1 The thickness of shells subjected
to external pressure shall be calculated by
the method given in Appendix F.’

[ Page 135, clauses 3.3.3.2, 3.3.3.3,
3.3.3.4(a) and 3.3.3.4(b) ] — Delete these
clauses.

( Page 16, new clause 3.3.3.2 ) — Add
the following new clause 3.3.3.2 at the top
of the page:

3.3.3.2 Stiffening  rings — Stiffening
rings are generally used with cylindrical
shells subjecte to external pressure, They
extend around the circumference of the
shell and may be located on the inside
or the outside of the shell.’

the



)
No.
15.
16,

17.

18.

19,

20.

{ Page 16, clause 3.3.3.4(c) ] — Re-
number the clause as 3.3.3.2(a).

[ Page 17, clause 3.3.3.4(d) ] — Re-
nurber the clause as 3.3.3.2(b).

[ Page 17, clause 3.3.3.4(d) (1), renum-
bered as clause 3.3.3.2(b) (1) ] — Substitute
the following for the existing text:

‘1) the total length of intermittent
welding on each side of the stiffening
ring shall be not less than one-half
the outside circumference of the
vessel, for stiffening rings situated on
the outside. However, at any location
of the stiffening ring there shall be
welding between the shell and at least
one side of the stiffening ring. The

maximum unwelded length s on any -

side shall not exceed 8 times the,

vessel thickuess for external rings and
12 times the vessel thickness for
internal rings as shown below:

[ Page 17, clause 3.3.3.4(¢) ] — Renum-
ber the clause as 3.3.3.3.

( Page 17, clause 3.3.3.5 ) — Renumber.
the clause as 3.3.3.4.

( Page 30, clause 3.8.5.1 ) — Substitute
the following for the existing clause:

‘3.8.5.1 General — At all planes
through the axis of the opening normal to
the vessel surface the cross-sectional area
requirements for compensation as calculated
below shall be satisfied:

Material in added compensation, or in
a branch, should have similar mechani-
cal and physical properties to that in the

YR
No.

21.

¢ Branch Nominal Size

22,

23.

24.

vessel shell or end. It is recommended
that compensation or fittings be made
normally from material having an allow-
able stress not less than 75 percent of the
allowable stress for the material in the
shell or end. Where material having a
lower allowable stress than that of the
vessel shell or end is taken as compensa-
tion its effective area shall be assumed to
be reduced in the ratio of the allowable
stresses at the design temperature. No
credit shall be taken for the additional
strength. of material having a higher
stress value than that in the shell or end
of the vessel.

Material added for compensation shall
have approximately same coefficient of
thermal expansion (say 85 percent ).
The thickness of compensating pad shall
be limited to the nominal thickness of
shell or head as relevant. Anv area
contributing to compensaticn shall be
attached to shell or head by full penetra-
tion welds.’

( Page 35, informal table under clause
3.8.9.1 ) — Substitute the following for the
existing table:

Minimum Thickness

mm mm

15

20

25

32

40

50

65

80

100

125

150

200

250

300

350

400

450

500
600 10:0 |

Note — The value given in the table is to be

increased by the amount of any required

corrosion allowance.’
( Page 43, clause 4.1.3 ) — Substitute the
following for the existing clause:

< 4.1.3 Hub flanges shall not be made by
machining the hub directly from plate
materials.’

( Pages 56, 61, 62, various sub-clauses of
clause 5 ) — Substitute © device’ for ¢ valve’
and ‘devices’ for ‘valves’ wherever it
appears.

( Page 61, clause 5.4.1 ) — Substitute the
following for the existing clause:

]
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25.

26,

27.

28,

29.

30.

‘5.4.1 The total capacity of the relief
device or devices fitted to any vessel or system
of vessels shall be sufficient to discharge the
maximum quantity of fluid, liquid or gas, that
can be generated or supplied without permit-
ting a rise in vessel pressure of more than 10
percent above the maximum working pressure
when the relief devices are discharging.’

( Page 65, clause 6.2.1.3 ) — Substitute
the following for the existing clause:

‘6.2.1.3 The weld procedure and
welders shall be qualified for the type of
welding concerned in conformity with the
weld procedure and welders’ performance
qualifications ( see 7.1 and 7.2 ).’

( Pages 65 and 66, clause 6.3.2) —
Substitute the following for "the existing
clause:

6.3.2 In the design of all details the
aim shall be.to avoid disturbances in the
flow of the lines of force, in particular in
constructions subjected to fatigue stresses,
Holes and openings shall not be positioned
on or in the heat affected zones of welded
joints. Where such openings are unavoidable,
such holes can be located on circumferential
joints provided the main seams are ground
flush 75 mm on either side and radiography
requirements given in 6.3.2(a) are met.
However openings with added reinforcements
should not have the hole cut on the weld
seam.

a) The circumferential seam shall be
radiographed for a total length of
three times the diameter of opening
with the centre of whole at mid
length, Defects that are completely
removed in cutting the hole shall
not be considered in judging the
acceptability of the weld.’

( Page 66, clause 6.3.2.1, second sentence ) —
Substitute the following for the existing
sentence:

‘Joints between cylindrical shells and
domed end plates shall not be located
in the curved part of the domed end
except for hemispherical ends ( see
Table 6.2).

( Page 67, clause 6.4.2.5 ) — Substitute

the following for the existing clause:
6.4.2.5 Edges which have been flame-

cut by hand shall be cut by machining or
chipping for a distance not less than
15 mm.’

[ Page 71, clause 6.6.2(b)(2), line 3] —
Substitute ‘5 mm?’ for ¢4 mm’.

( Page 74, clause 6,7.16, last sentence ) —
Substitute the following for the existing
sentence:

Sl

No.

31

33.

34.

35.

36.

37.

38.

39.

“In the case of light duty vessels the
reinforcement shall be not more than
3 mm for thickness less than 10 mm,
and 5 mm for thickness from 10 to
16 mm.’

[ Page 76, Table 6.3, col (3), para 2,
line 4 1 — Insert the following between the
words ¢ preheating > and ¢ for *:

‘up to 2 minimum temperature of 150°C”’

( Page 76, Table 6.3, Note 2, line 1 ) —
Substitute ‘ 16 mm’ for 15 mm’,

( Page 76, Table 6.3, Note 3, line 1) —
Substitute ‘0°C° fpr * —20°C°,

[ Page 81, clause 7.1.3.4(e) ] — Substi-
tute the following for the existing clause:

‘e) if in gas shielded metal arc (MIG)
or tungsten arc (TIG) welding or
submerged arc welding a change
is made from multiple pass welding
per side to single pass welding per
side when notch toughness is a
requirement.’

[ Page 81, clause 7.1.3.4(h) ] — Substi-
tute the following for the existing clause:

‘h) if in gas shielded metal arc
welding (MIG) or gas shielded
tungsten arc welding (TIG) a
change is made in the composition
of the gas and a change in the
electrode from one type to another
or from non-consumable electrode
to consumable electrode and vice
versa, or an increase of 25 percent
or more or a decrease of 10 per-
cent or more in the rate of flow of
shielding gas.’

(Page 381, clause 7.1.3.5) — Add the
following new paragraph after the clause:

‘A change from downward to upward
or vice versa in the progression for any
pass of a vertical weld excepting the root
pass which will be removed completely
while preparing the second side and the
cover pass, if notch toughness is a
requirement, calls for requalification.’

( Page 81, clause 7.1.4, first sentence ) —-
Add the following new matter after the first
sentence:

¢ However, for temperatures less than
0°C the qualification shall be valid for
thickness from 1 to 1'1 times the thick-
ness of test piece.’

[ Page 82, clause 7.1.5(b), lines 3 and
4] — Delete the words ¢one above the
other,’

[ Page 82, clause 71.1.5(c), lines 3, 4 and
5] — Delete the words ‘and where the
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40.

+1.

12,

43.

4.

45.

46,

47.

48,

49,

50.

thickness of the plate permits, one shall be
above the other’,

[ Page 82, clause 7.1.5(c)(1), linc 2] —

Substitute ¢ 20 mm’ for ¢ 30 mm’.

( Page 87, Table 7.4, column of maximum

range of thickness qualified by test plate correspond-
ing lto thickness of test plate < t 20 and over’ )—
Substitute <2t for *1:5¢°,

(Page 88, clause 7.2.6.4) — Add the

following new clause after this clause:

“1.2.6.5 Radiography is acceptable

in place of mechanical testing for manual
metal arc or gas shielded tungsten arc or
combination processes.’

( Page 95, clause 8.4.2, line 1 ) — Delete

the words ¢ in mild or low-alloy steels * .

{ Page 97, clawse 8.5.1.3(c), para 1, lines 3,

4 and 5 } — Delete the words ¢ and where
the thickness of plate permits, one shall be
above the other ’.

[ Page 97, clause 8.5.1.3(c), para 2

ltne 2 ] — Substitute * 20 mm > for ¢ 30 mm ”’

[ Page 97, clause 8.5.2.2(b), first and

second seéntence | — Substitute the following
for the existing sentences:

‘Two bend test specimens, one for
direct and one for reverse bending to
be taken transversely to the weld.
Where the plate thickness exceeds
20 mm, face bend and root bend tests
may be substituted by side bend tests.’

( Page 100, clause 8.5.9.2, line 2 ) —

Substitute ¢ 20 mm * for ¢ 30 mm .

( Page 100, clause 8.5.9.3, lines 2, 3 and

7) —In each of the lines, substitute
¢ 20 mm ’ for ¢ 30 mm ’,

( Page 101, clause 8.5.9.6 ) — Add the

following new matter in the beginning:

‘When specifically asked for by the
customer ’,

[ Page 103, clause 8.6.8.1(a) ]— Ada

the following new matter at the end:

‘For the transverse tensile test if the

(EDC 48)

St

No.

51.
52.

53.

5.

55,

result exceeds 95 percent of the specifi-
ed minimum value with fracture
occurring ‘in base metal, the test is
acceptable.’

{ Page 103, clause 8.7.1.2 ) —Delete.

{ Page 104, clause 8.7.4, last sentence ) —
Substitute the following for the existing
sentence:

¢ When image quality indicator of the
wire-type is used, the smallest diameter
wire which can be seen in the radio-
graph shall have a diameter not greater
than 1'5 percent of the weld metal
thickness if the weld metal thickness is
between 10 and 50 mm inclusive, and
not greater than 1'25 percent of the
weld metal thickness if the thickness is
between 50 mm and 200 mm, In the
case of plate type penetrameters, the
radiographic examination shall be
capable of revealing a difference in
metal thickness equal to not more than
2 percent of the thickness of weld
under examination.’ ‘

( Page 109, clause 8.7.10.2, para 1) —
Delete and renumber the second paragraph
as ‘8.7.10.2°.

( Page 110, clause 8.7.11, first sentence ) —
Substitute the following for the existing
sentence:

¢ When special conditions make it expe-~
dient, radiography as specified in 8.7.1
and 8.7.2 may be replaced by ultraso-
nic testing supplemented by dye-
penetrant or magnetic  particles
inspection subject to the previous
consent of the inspecting authority and
on the condition that such testing
methods may be considered to render
an equally safe evaluation of the
quality of welding work.’

( Page 178, clause D-6.5)— Add the
following new clause after this clause:

¢D-6.6 All nozzles to shell attachments
and nozzles to flange attachments shall be
full penetration welds.’ :

Printed at Kay Kay Printers, Dethi-
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1. (Page 8, Table 1.1, S No. 4, col 2 ) — Subs-

2.

AMENDMENT NO. 3

TO

JULY 1979

1S:2825-1969 CODE FOR UNFIRED PRESSURE VESSELS

Alterations

titute * Type of joints* * for ‘ Type of joints *,

(Page 8) — Add the following foot-note
at the end of the page:

‘*These joints refer to all categories of Class 1
vessels and categories A and B only of Class 2 and
3 vessels. For categories C and D, details shown
in Appendix G or equivalent shall be used, as
applicable to the relevant class of the vessel.’

( Page8, Table 1.1, Sl No. 4, col 3 ) — Subs-
titute the following for the existing
matter:

*}) Double welded butt joints with full penetration

excluding butt joints with metal backing strips
which remain in place for categories A, B and

ii) Single welded butt joints with backing strip
for categories Band C. J =09 (se¢ 6.3.6.1).

jii) Full penetration weld extending through the
entire thickness of vessel wall or nozzle wall
for category D.'

4. ( Page 10, clause 2.2.1 ) — Add the follow-

ing matter at the end:

‘However, for determining the allowable
stress values for ferrous material for
design temperatures ( see 1.2.4 ) up to and
including 400°C, the criteria relating to
creep properties ( that is, average stress to
produce rupture in 100000 bours and
average stress to produce a total creep
strain of one percent in 100 000 hours)
listed in Table 2.1 shall not be taken into
consideration.’

[ Page 3t, clause 3.8.5.2 (d) (1), equation
(3.32) ] — Substitute the following for
the existing equation:

‘A= 054d. 4 (3.32)

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

. (Page 71, clause 6.4.11, first sentence) —

Substitute the following for the existing
matter:

6.4.11 Plates Welded Prior to Forming —
Seams in plates may be welded prior to
forming provided they meet the specified
non-destructive test requirements after
forming.’

[ Page 81, clause 7.1.3.4 (c) ] — Substitute
the following for the existing matter:

‘c) if in arc welding of single welded butt
joints a backing strip is omitted.’

Sl

No.
8.

©

10.

Il

12.

4.

15.

[ Page 83, clause 7.1.5 (d)]— Substitute
the following for the existing matter:

‘d) Three notched bar impact test speci-
mens to be taken transversely to the
weld ( se¢ 8.5.8 ) as near as possible to
the face side of the last pass of the weld
on outer plate surface. If plate thick-
ness exceeds 40 mm, one more set of
specimens shall be taken at about
midway between centre of thickness
and opposite side surface.’

[ Page 97, clause 8.5.1.3 (d) ] — Substitute
the following for the existing matter:

‘d) Three notched bar impact test speci-
mens, to be taken transversely to the
weld [ see 7.1.5 (d) 1.

( Pages 195 to 223, Figures in Appendis G )
— Substitute ‘permitted * for ¢ recommen-
ded ’ in various figures.

( Appendix G) — Incorporate a tell-tale
hole in the following figures:

‘Fig. G.6, Fig. G.7, Fig. G.12, Fig. G.26,
Fig. G.27(A), Fig. G.27(B), Fig. G.29,
Fig. G.30, Fig. G.31, Fig. G.32, Fig. G.33,
Fig. G.34 and Fig. G.35."

(Page 195, Fig. G.3 ) — Add the following
note at the end:

‘d) First sketch Is permitted for Class 3 vessels
only.’

. [ Page 197, Fig. G.6, note (b) ] — Substitute

the following notes for the existing note:

‘b) Permitted for Class 3 vessels only.

c) Special attention should be paid to the exami-
nation of the plate edges before and after
welding.’ ‘

[ Page 197, Fig. G.7, note (b) ] — Substitute
the following for the existing note:

‘b) Permitted for Class 2 and Class 3 vessels only.’

[ Page 197, Fig. G.8, note (b) ] — Substitute
the following notes for the existing note:

‘b) Its use when thermal gradient may cause
overstress in welds to be avoided. Permitted
for Class 2 and Class 3 vessels only. The weld
sizes are minimum. '

c) The pad is not to be taken into account in
calculating the reinforcement required.’
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16. ( Page 198, Fig, G.12)

i} Delete the words ¢ ( Recommended for
light duty vessels ) °.

i) Substitute the following for the existing
note:

<a) Permitted for Class 3 vessels only.

b) The pad is not to be taken into account in
calculating the reinforcement rcquired.’

17. ( Page 206, Fig. G.34) — Incorporate a
fillet weld at the edge of lower plate.

18. [ Page 207, Fig. G.36 (under considera-
tion ) ] — Delete the figure.

19. [ Page 209, Fig. G.40(B)]-—Add the
following note at the end and renumber
the existing note as note (a):

‘b) Permitted for Class 3 vessels only.’

20, ( Page 209, Fig. G 41 ) — Add the following
note at the end: __
*¢) Permitted for Class 3 vessels only.’

21. ( Page 216, Fig. G.67) v
i) Substitute the following for the existing
notc {b):’
‘b) Minimum distance between tubes=2-5 t’
ii) Add the following new note (f):

‘f') A satisfactory weld procedure should be estab-
lished to ensure that the throats at all sections
({ minimum leakage path) shall not be less
than the minimum required.’

22. ( Page 217, Fig. G.70 ) — Add the following
new note (c):

‘c) A satisfactory weld procedure should be estab-
lished to enstire that the throats at all sections
{ minimum lcakage path) shall not be less
than the minimum required.’

23. ( Page 218, Fig. G.71) — Add the follow-
‘ing figure (D).

\SEE NOTE REFERENCE
WELDING

[T e

taSmm OR LESS
“0=1.8t 10 2.0t

p—

=~ Y Ll Ll

-
o
~

(EDC 48)
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No.

24, (Page 218, Fig. G.72) — Substituie the

25.

26

following for the existing figure and the
notes thereunder:

30-=1=30

SEE NOTE
REFERENCE
WELDING

/| r=2t3

L

L —————
~eftyfe— ity -

(A) (8)

a) t; is the thickness of the tube. 1t shall not be
less than 2:5 mm.

b) t4 is the original plate thickness.

¢) t3 is the plate thic kncss after bunging. t3
should not be less than ¢,.

d) It is uncommon for this detail to be used if
the thickness of the tube or tube sheet exceeds
4 mm.

€) Reference Welding
The detail shown in Fig. G.70 is suitable for
welding by processes other than the metal arc
process. A-filler rod should be used if the
tube wall thickness exceeds 1'5 mm when oxy-
acetylene gas welding is employed and 29 iam
when other suitable arc welding ‘processes are
used, such as atomic hydrogen or inert gas arc
welding

3

Fic. G.72 Tuse 10 TuBe PLATE
CONNECTIONS

( Pages 219 and 220, Fig. G.74, G.75, G.76,
G.77, G.80, G.81, G.82) — Add the
following additional note under all these
figures:

‘NoTe — If plate material is used for tube
sheets, special attention should be giver to
examination of lamellar defects before and after
welding.’

[ Page 220, Fig. G.78, G.79, G.83(A),
G.83(B) ] — Add the following additional
note for all these figures:

‘Note — Hubs for butt welding to adjacent
shell, hcad or other pressure parts shall not be
machincd from rolled plate and the component
having the hub shall be forged to provide in the
hub the full minimum tensile strength and
elongation specificd for the material in a direction
paralle} to the axis of the vessel. Proof of this
shall be furnished by a tensile test specimen
taken in this direction as close to the hub as
possible.’

_L‘z



AMENDMENT NO. 4

TO

MARCH 1982

IS:2825-1969 CODE FOR UNFIRED PRESSURE VESSELS

Alterations
St St
No. No.,

1. [ Si No. 26 of Amendment No. 2 to 1S : 2825- 4,
1959 dated October 1978, new clause 6.3.2(a), 4th

linz ] — Substitute ¢ hole’ fir ¢ whole .

2. (S No.

24 of Amendment No. 3 t2 1S : 2825~

1969 dated 7uly 1979 new Fig. G.72 ) — Subs-

titute “ 1, > for < t3°

on the rwht hand side of the

Fig. Also under 5th line of Note ( €) substitute

¢2 mm’ for<2:9 mm’.

[&53

[ Page 6, clause 1.2.5.2(f) ] —Add
following new clause after this clause:

the

‘g) Causes such as acceleration, decelera-
tion, etc, in the case of vessels intended 6.

for transportation.’

( Page 5, clause 1.1.1 ) — Substitute the
f'ollowmtJr for the existing clause:

‘1.1.1 This code covers minimum construc-
tion requirements for the design, fabrication,
inspection, testing and certification of fusion-
welded unfired pressure vessels including those
intended for transportation in ferrous as well
as in non-ferrous metals, ’

[ Page 39, clause 3. 12.1(c) ] — Add the
following new clause after this clause:

d) A typical design of jacketed portion is
covered under Appendix P,

( New Appendix P) - Add the following
new Appendix P at the end of the code:

‘APPENDIX P
[Clause 3.12.1(d) ]

DESIGN OF JACKETED PORTION OF VESSEL

P-1. SCOPE

P-1.1 The rules in this appendix cover mini-
murm requirements for the design and construc-
tion of the jacketed portion of the vessel. The
jacketed pomon of the vessel under analysis is
defined as the inner and outer walls, the closure
devices and other parts within the jacket
which are subject to pressure stresses.

P-1.2 For the purpose of this part jackets are
assumed to be integral pressure chambers,
attached to vessels for one or more purpose
such as:

-a) to heat the vessel and its contents,
b) to cool the vessel and its contents, and

¢) to provide a sealed insulation chamber
for the vessel.

P-1.3 This appendix does not cover rules to .

cover all details of design and’ construction.
These rules are, therelore, established to cover
most common type of jackets but are not inten-
ded to limit configurations to those illustrated
or otherwise described therein.

P-1.4 All other parts of this code shall apply
unless otherwise stated in this appendix.

Gr4

P-1.5 Typical jacketed connections are given
in Fig. G.45 to G.66 of Appendix G.

P-2. TYPE OF JACKETS AND NOTA-
TION

P-2.0 Jacketing of process vessels is usually
accomplished by use of one of the following
main available :ypes:

a) Conventional jackets ( see Fig. P.1 and
P.2);

b) Half pipe coil jackets or limpet coil
Jjackets ( see Fig. P.3, P.4 and P.7 };

c) Dimple jackets ( see Fig. P.6 ); and

d) Heater channels type jackets
Fig.P.5).

P-2.1 Conventional Jacket (see Fig. P.I
and Fign P.2 )

a) The normal configuration of conven-
tional jacket is as shown in Fig P.l,
Type A. This assures the most efficient
heat transfer to the maximum surface
area of the vessel.

b) An often used variation of this configu-
ration is made ( see Fig. P.1, Type B)
by dividing the straight side into two or
more separate jackets,

( see
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c) If desired the vessel can be jacketed on
the straight side on varying from comp-
lete to partial vertical coverage ( see
Fig. P.1, Type C); and

d) A jacket can also be fabricated to cover
the bottom head only (see Fig. P.1,
Type D).

P-2.2 Half Pipe Coil Jackets or Pimpet
Coil Jackets ( see Fig. P.3 and Fig. P.7 ) —
The half pipe coil jacket is especially recom-
mended for high temperature services. Because
there are no limitations to' the number and
location of inlet and outlet connections, the
half pipe coil jacket can be divided into multi-
ple zones ( see Fig. P.7) for maximum flexibility
and efficiency. The half pipe coil design
usually allows reduction in thickness of inner
wall of the vessel.

P-2.3 Dimple Jacket (see Fig. P.6 ) — The
design of dimple jacket permits construction
from light gauge metals without sacrificing the
strength required to withstand specified pres-
sures, Manifold should be designed to avoid
stress concentration due to discontinuity stresses
a:Id flexible hoses should be used to eliminate
al] external forces on the jacket connections
and their manifolds.

P-2.4 Notation

Symbol

A

D
D,
Dy,

dy

E

t~ <2

lm

fo

\
| _ N X
N
Z 7JJ7 = X'
Lts
$D,
Unit Description
mm Jacket space.
mm Inner diameter of shell,
mm Outer diameter of shell.
mm Inner . diameter of the
jacket,
mm Inner diameter of half
' pipe coil.
kgf/mm? Modulus of elasticity of
material at operating
temperature.
kgf/mm: Maximum »llowable
stress value,
— -Weld joint fact
mm Design length jacket
section,
— Poisson’s ratio.
kgfijcm?  Maximum operating
pressure in jacket.
kgfjcm?  Maximum operating
pressure in shell.
mm Thickness of closure
member.



Symbol  Unit Description

4 mm Thickness of outer jacket
wall.

Ly mm Thickness of inner vessel
wall,

tre mm Required minimum thick-

ness excluding corro-
sion allowance of ithe
closure member,

00O E) | ®

0000 E) | ®
oelelolele)

1601010101010
100G

Jolelelelol
\ N

Symbol  Unit Description

Iy mm Required minimum thick-
ness of outer jacket wall
exclusive of corrosion
allowance and manu-
facturing tolerances.

trs mm Required minimum thick-
ness of inner shell wall
exclusive of corrosion
allowance and manu-
facturing tolerances.
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P-3. DESIGN CRITERIA
P-3.1 Conventional Jacket

P-3.1.0 Design shall comply with the
applicable requirements of the code except
where otherwise provided for in the appendix.

P-3.1.1 Sheill and head thickness shall be
determined by the appropriate formulae given
in Section 3 of this Code. In consideration of
loadings particular attention to the effects of
local internal and external loads and expan-
sion differentials at the design temperature
shall be given. Where vessel supports are atta-
ched 1o the jacket, consideration shall be given
to the transfer of supported load of the inner
vessel and contents.

P-3.1.2 The use of impingement plates or
baffles at the jacket inlet connection to reduce
erosion of inner wall shall be considered for
media where vapours are condensed, that is,
steam.,

P-3.1.3 The width of jacket space shall not
exceed the value given below:

2
400 X f X F X ts 05 (ts+1y)

A=
X Dy

P-3.1.4 Design for Facket Closures

P-3.1.4.1 Closures of Type B of Fig. P.2
( Fig. G-55 modified ) shall be used only for
Type C of Fig. P.1 jacketed vessels and with
further limitation that #;; does not exceed
15 mm. The required minimum thickness for
the closure bar shall be greater of the follow-
ing:
'rc=2(tr1) ------ (P~2)

z,c=o-0866><AxJ-J{i ...... (P.3)

P-3.1.4.2 Closure bar and closure bar to
inner vessel welds of the type shown in Fig.
G.49, G.50, G.51 may be used in any of the
types of the jacketed vessels shown in Fig. P.1.
The required minimum closure bar thickness
shall be determined as below:

tre = 0°122 47 J!’_D%Aﬁ- ...... (P.4)

P-3.1.5 Minimum weld size requirements
are as detailed in Fig. G.45 to G.59,

P-3.2 Half Pipe Coil Jackets

P.3.2.1 The foregoing analysis is based on
the following assumptions which may be suita-
bly modified in case of any variations.

a) shell and half coil are made of the same
metal,

b) the half coil is semicircular,

c) both shell and coil cylinders are consi-
dered as thin in relation to their
diameters,

d) the coils shall be pitched not less than

1} times d,, centres apart, and
NoTe — Very close spacing of coils is not re-

commended as it leads to bad weld joint, yields
very little heat transfer benefit as the space in
between the coils has an effect like fin on a
finned tube.

¢) half coil takes no load in comparison
with the shell,

P-3.2.2 Design of Half Coil

P-3.2.2.1 A half coil is a part of torous
for which stresses have been analyzed by
‘ Timoshenko’, It can be shown that maxi-
mum hoop stress in the coil will occur at the
junction with the shell and is

_ p di P.5)

f°‘_200xt,,x3’ """ (F.3)
and longitudinal stress is
d

fun b 4 .. (P.6)

T 4007y x F+ 250 I5s X F

The half coil is, therefore, usually designed
on a simple hoop stress basis.

P-3.2.3 Design of Shell

P-3.2.3.1 Total hoop stress — The total
hoop stress in the shell, fg is, sum of the hoop
stress f¢; due to vessel pressure, and longitudi-
nal stress f¢, in the coil caused by coil pressure.

o P D, + P dy
8= 000 fys X 7 ' 400ty X J + 250 g X J
(P.7)

P-3.2.3.2 Total longitudinal stress

a) The total longitudinal stress in the wall
is made of three factors:

1) the longitudinal stress fi2 due to ves-
sel pressure,

2) the longitudinal stress fs due to coil
pressure,

3) the bending stress f5 caused by dis-
tortion of the shell at the junction
with the coil.

P Dy
.fsﬁ 400 X tyg X ] ...... ( )

pd;
fo= 00N T XF (P.9)
b) The local bending stress in the shell
due to the pressure in the coil should
be assessed for the case when the inter-
nal pressure for the vessel is at its
minimum, that is, atmospheric or
vacuum, A simplified approximation
based on ¢Continuous Beam Theory’
predicts a maximum bending moment,
M pax in shell of:

Mpyax = APd2/900 ... (P.10)
Also

_ 2 APdy P11
fs(—w cesane (P2 )



( Negative value of AP=(p~ P)
need not be considered as this refers to
high internal pressure. Bending mo-
ment due to internal pressure is insigni-
ficant compared with direct membrane
forces which must have already been
allowed for the hoop stress calculations,

[sr. =f5""“f53 +fsi ...... /P-ln)

¢) For critical analysis ¢ Cylindrical Shell
Theory’ concept may be followed,

P-3.2.4 Alaximum Equivalent Stiess at Coil to
Shell Function

The metal at the junction of coil to shell is
subject to all individual stresses present in shell
and coil and maximum equivalent stress occurs
at shell to coil junction, This can be analyzed
by ‘ Shear Strain Energy Theory’ which adds
the principie stresses acting mutually at right
angles to give the cquivalcnt stresses.

SE=fat+ it fa— (fa X fat +
Sfaxfairfaxfa) ... (P.13)

It is prudent to chreck that this is within the
allowable value.

P-3.2.5 As a steam coil may be subjected to
vacuum ! if stearn is turned oft ) there are any
possible combinations of pressure to vacuum
in coil with pressure to vacuum in the shell
and this gives 4 distinct limiting cases in the
region of the coil. There are further 2 cases
in the region where there is no coil correspon-
ding to vacuum or pressure in the vessel with
atmospheric pressure outside. By analyzing
the stresses in details as indicated above, 1t is
quite advisable to analyze the six conditions to
determine the worst one.

P-3.2:6 Vessel Bottoms — It is extremely diffi-
cult to cut a half coil to suit a hemispherical or
conical vessel bottom. Preferable methods in
this regard shouid be decided between the
manufacturer and designer. The recommen-
ded practice is to arrange pattern of coils
radially like hub spokes and rim of a wheel.

P-3.2.7 One difficulty leading to failure of
the bottom end of the half coil has been traced
10 be ¢ Stearn Hammer’ when steam is used
intermittently ipa batch process, The steam
entering a / sid vessel causes condensate to
accelerate round the coils and hammer the
exit brancly and coil ends. For this reason the
coil length should be limited to not more than
three turns in series { see Fig. P.9 ). The exit
nozzle should be swept rather than right angu-
lar and care taken In design of steam trap
manifold.

P-3.3 Dimple Jackets

P-3.3.1 Dimple Plate Thickness

P 3.3.1.1 Case I ( se¢ Fig. P, 8 ) — Consi-
dering fixed plate with uniformly distributed
load over the entire surface:

Maximum stress at edge, feq = 713 ?il;}/_é,
T 1)
(P.14)

Maximum deflection at the centre
_(_)Zi_>_<*114m~—1) x (€2
16 X m X E X mx t,,
...... {P.15)

P-3.3.1.2 Cuase 2 — Dimples can be assu-
med to acc as ‘stays’ in flat heads and plate
thickness is checked as below, beth for:

2) uniform spacing of staying, and
b) non-uniform spacing of the staying

P-3.3.1.3 Case 2 (a)—Uniform spacing of
days ( see Iig. P.7)

'p (a2 67)
Hymin = C X/\/p\lgo;(?)

(P.16)

P-3.3.1.4 Cose 2 (b) — Non-uniform spacing
of stays ( see Fig. P. 7))

) €1+ €2 “p
frymin = C X 2 /\/ '1567

where C = (40 for welded stays,

The adopted thickness (#;) shall inciude
corrosion and manufacturing allowances, etc,

P-3.3.2 Dimple Connecting Welds — The weld
attachment is made by fillet welds around
holes, or if the thickness of the plate having
hole is 3 mm or less and hole is 25 mm or less
in diameter, the holes may be completely filled
with weld metal. The allowable load on weld
shall equal the product of the thickness of plate
having the hole, the circumference or perime-
ter of hole, the allowable stress valuein tensicn
of the material being welded and joint
efficiency of 55%,. The connecting welds shall
be checked for shear and tear failures.

P-4, CONSIDERATIONS OF STIFFENING
EFFECT OF JACKET ELEMENTS
{ see Fig. P.2 to P.6)

P-4.1 Calculations for Elastic Buckling
Maximum working pressure, P =
I ts

F[ 20055 XDy, 200n7 (nDo)2]2
A CYY;

't[w(;i:i)]‘* o




and “n’ should be chosen as a whole number
Dy .
[n 22 }%] in such a way that p is at its

lowest value. * n’ is then the number of dents
which may appear on the surface in the event
of {ailure,

P-4.2 Calculation for Plastic Deformation

D
P-4.2.1 Case ] — When Tg < 5, the maxi-

mum permissible working pressure is given by:
t
P= 200 Irs
Xf X D, X
1
1'5U( 1 — &LDQ) .. (P.19)

100 trs/ Do

14

where U = out of roundness factor.

Dy max — Dy min

Dy max + Dymin
x 100

a) For ovality U= 2 X

b) For flatness I' = Di X g
o]

X 100 ( see Fig. P.4).
Dy _ -
P.4.2.2 Case 2 — When A >3
200 X f X tyg
D,

2%
300 f X trs (P.20)

———-—Tz—_'—' ......

P = Greater of or

‘P-4.2.3 In vacuum vessels the stiffening
effect of the jacket elements ( half pipe coils,
heater channels, etc ) may be taken into consi-
deration in calculating the whole shell. For
elastic buckling analysis the permissible pres-
sure will then be greater, in proportion to the
moment of inertia ( taken about the axis
through the appropriate centre of gravity
X-X, or X'-X') and for plastic deformation
analysis the permissible pressure will be grea-
ter in proportion to the cross-sectional areas
with and without the jacketing elements.

*This formula is pérticularly applicable when
distance between stiffeners is small.

P-5. FABRICATION

P-5.1 Fabrication of vessels shall be in accor-
dance with applicable parts of the code.

P-5.2 This part covers fabrication of jacketed
vessels by welding, Other methods of fabri-
cation are permitted provided the requirements
of applicable parts of this section are met.

P-5.3 Where only the inner vessel is subject to
lethal service the requirements regarding radio-
graphy, post weld heat treatment shall apply
only to the welds in the inner vessel and those
welds attaching the jacket to the inner vessel
need not be radiographed and may be fillet-
welded. Post weld heat treatment shall be as
required in 6.12 of the code.

P-5.4 Proper testing for pinholes in the welds
is mandatory.

P-5.5 Any radial welds in closure members
shall be butt-welded joints penetrating through
the full thickness of the member and shall be
ground flush where attachment welds are to
be made,

P-6. APPLICATIONS

P.6.1 Conventional jackets are used where the
internal pressure of the vessel is more than
twice the jacket pressure, the jacket pressure
being limited to 7 kgf/cm?,

P-6.2 Dimple jackets and half-pipe coil jackets
areused for vessels beyond 2m3 capacity and
where the jacket pressure is the controlling
factor (that is, the vessel internal pressure is
less than 167 times the jacket pressure ) in
determining the vessel wall thickness. These
are used for high pressure (that is, dimple
jackets up to 21 kgf/cm? and half pipe coil
jackets up to 525 kgf/cm? ) and high tempera-
ture applications.

Notk — For high temperature applications
thermal expansion differentials should be consi-
dered between the metals used in the vessel and
the jacket, and difference in thicknesses between the
vessel and the jacket walls, and for temperatures
beyond 300°C ‘the jacket be fabricated from a
metal having the same coefficient of expansion as
that used for the inner vessel.

Printed at Kay Kay Printers, Delhi .



AMENDMENT NO. 5

OCTOBER 1988

TO
IS :2825 - 1969 CODE FOR UNFIRED PRESSURE VESSELS

( Page 9, clause 1.3.1.3, line 4) — Add the
words ‘or gas’ after the word ‘vapour’.

( Page 9, clause 1.3.1.3 )

a) Line 4 — Add the words ‘or gas’ after the
word ‘vapour’.
b) Line 5 — Delete the word ‘design’.

Note — Hydrostatic pressure means pressure due
to liquid head only.
[ Page 14, Tables 3.1, 3.2, 3.3 and 3.4 ( see also
Amendment No. 2, Sl No. 11 ) ] — Retain the
tables with all the existing matter.

[ Page 21, clauses 3.4.6.1 (a) and 3.4.6.2(a), line 4
( see also Amendment No, 2, 8! No. 12 and 13 )] —
Substitute ¢3.3.3.1° for ‘3.3.3.3’.

[ Page 35, clause 3.8.7.1(b), line 2 ] — Substi-
tute ‘P2 ( 50 mm nominal bore )’ for ‘P 1} size’.

( Page 36, clause 3.9.4, last line ) — Substitute
‘P2 ( 50 mm nominal bore )’ for ‘size P 14°.

( Page 65, clause 6.2.5, first para ) — Substitute
the following for the existing para:

‘Any person who wishes to qualify for welder’s
performance test under this code, shall not be
below the age of 18 years and shall have adequate
experience or training.’

( Page 71, clause 6.4.10, last sentence ) — Substi-
tute the following for the existing sentence:

‘If the forming or bending operation takes
place in hot condition, no subsequent heat treat-
ment is required, provided during the last opera-
tion, it is uniformly heated to a temperature
within the normalizing range.’

[ Page 71, clause 6.4.11, first sentence ( see also
Amendment No. 3, 8! No. 6 )-] — Substitute the
following for the existing sentence:

‘6.4.11 Plates Welded Prior to Forming — Seams
in plates may be welded prior to forming provided
they are examined radiographically throughout
the entire length after forming. In the case of
class 1 and 2 vessels, the seams shall also be
inspected by magnetic crack detection or dye-
penetrants.’

( Page 71, clause 6.5.1, last sentence ) — Substi-
tute the following matter for the existing
sentence:

“Tack welds shall either be' removed completely
when they have served their purpose or their
stopping and starting ends shall be properly pre-
pared by grinding or other suitable means so that
‘they may be satisfactorily incorporated into the
final weld, Tack welds shall be made by qualified
procedures and welders, and shall be examined
visually for defects and, if found to be defective,
shall be removed.’

Gr 9

[ Page 75, clause 6.12.2(a) ] — Substitute the
following for the existing matter:

‘a) intended for containing lethal* material;’

[ Page 75, clause 6.12.2(g) ] — Add the follow-
ing new items after 6.12.2(g).

‘h) intended for transport of flammable or
toxic material; and

jj when required by the statutory authority.’
( Page 76, Table 6.3 ):

a) Material Group 2a — Substitute ¢ Sum of
alloying elements, that is, Cr, Mo and V 0-80 Max
for ¢« Residual or other elements 0°80 Max .

b) Renumber material group ‘2a’ as <2’
¢) Renumber material group 2b’ as ¢3’,
d) Delete the present material group <3,

[ Page 77, clause 6.12.3.1(b), line 6 ] — Subs-
titute ¢ 2:54/ 7¢° for < 5V 1t °,

( Page 96, clause 8.4.2.2, para 3, first sentence ) —
Substitute the following for the existing sentence:

“The vessel shall be maintained at the specified
test pressure for a sufficient length of time to
stabilize  the pressure but in no case less than
10 minutes. A thorough examination of the
vessels shall be carried out after lowering the pre-
ssure to 80 percent of the test pressure.’

( Page 96, clause 8.4.2.2, para 3, second and ihird
sentences ) — Delete.

( Page 96, clause 8.5.1 )—Substitute the follow-
ing for the existing clause:

8.5.1 Two production test plates representing-
approximately 15 metres of weld or five shell
courses, whichever is higher, shall be provided
with longitudinal seams for every weld procedure
applicable to the vessels or series of vessels made
to the same drawing/specification. Vessels having
more than 5 shell courses shall be provided with
an additional production test plate representing
the next 15 metres of welding or part thereof. No
test plate need be provided for circumferential
seams except in cases where a vessel has circum-
ferential seams only or the welding. process,
procedure or technique is substantially different,
in which case two test plates are to be provided.

8.5.1(a) For low temperature vessels, in addi~
tion to the test coupon plates mentioned in 8.5.1,
each other shell course shall "also be provided
with a coupon plate sufficiently long for testing
two sets of impact test ( one for weld metal and
one for heat affected zone ). One set of tests shall
be conducted to cover 5 seams.

*See 1.3.1.1(a)

regarding clarification of the word
‘lethal’. : '



8.5.1(b) For wvessels other than covered
under 8.5.1 (a), any one test plate shall be selected
by the inspector for all tests described in figures
under 8.5.1.2 of the code except for all weld
metal tensile test.’

[ Page 99, Fig. 8.5(A) 1— Delete.

[ Page 99,.Fig. 8.5(B) ] — Delete the letter
¢(B)’ from the title of bottom figure and substitute
‘Fig. 8.5 for ‘Fig. 8.5(B)’ wherever occurs in this
code.

( Page 102, clause 8.6.2 ) — Substitute the
following for the existing clause:

<8,6.2 The minimum average impact strength
value for the impact test piece shown in Fig. 8.5
for V-notch specimen shall be 2°8 kgf.m ( 35 kgf
ni{cm’). The minimum impact strength value for
any test piece shall be 2:1 kgfm ( 26 kgfm/
cm?).
Notr — The value is equivalent to 2'8 kgf.m for
a 10 X 10 mm test piece.’

( Page 103, clause 8.6.8, linc 4 ) — Substitute
‘retests’ for ‘new tests’.

( Page 104, clause 8.7.2.1 )—Add the following
at the end of the clause:

‘[ see also 8.7.10.3(b) T’

( Page 104, clause 8.7.3.3 ) — Substitute the
following for the existing clause:

‘8.7.3.3 Radiographic examination may be
conducted before the final heat treatment. How-

ever for chromium molybdenum steels having the .

chromium content equal to or more than 1-5
percent radiography is recommended - after
heat treatment.’

( Page 115, Table A.1 )— Delete the reference
to IS : 1570-1961 wherever mentioned.

( Page 193, Fig. G.1) — Substitute ‘Nominal
pipe size 50 mm Max' for ‘BORE MAX 100 mm
NOMINAL’,

[ Page 195, Fig. G.1, foot-note (b) ] — Substi-

tute ‘P2 ( 50 mm nominal bore )’ for ‘size 1§,

[ Page 195, Fig. G.2, foot-note (b) } — Substi-
tute ‘P2 ( 50 mm nominal bore )’ fpr ¢ size 1§°,

[ Page 195, Fig. G.3, foot-note (c) ] — Substi-
tute ‘P2 ( 50 mm nominal bore )’ for ‘size 1§,

( Page 196, Fig. G.4, foot-note (d) 1 — Substi-
tute ‘P2 (50 mm nominal bore )’ for <size 1§,

[ Amendment No. 4, page 1, clause P-2.0(c) | —
Substitute the following for the existing item:

‘c) Dimple jackets ( see Fig. P.6); and’

[ Amendment-No. 4, page 3, clause P-2.1(c),
line 2 ] — Substitute ‘only’ for ‘on’.

( Amendment No. 4, page 3, clause P-2.2,
Heading ) — Substitute the following for the
existing heading:

‘P-2.2 Half Pipe Coil Jackets or Limpet Coil
Jackets ( see Fig, P.3, P.4 and P.7 )’

( Amendment No. 4, page 3, clause P-2.2 )—Add
the following new clause after P-2.2:

‘P-2.2.1 Notation

Symbol Unit Description

fa kgfifmm?®*  Hoop stress in the coil due
to coil pressure

Sea kgf/mms3 Longitudinal stress in the
coil due to coil pressure

fot  kgfijmmt  Total hoop stress in the
shell

fu  kgf/mm? Hoop stress in the shell.
due to coil pressure

Sas kgf/mms3 Longitudinal stress in
the shell due to wvessel
pressure

Ja kgf/mm? Longitudinal stress in the
shell due to coil pressure

Sus kgf/mm’ Longitudinal stress in the
shell due to bending

a _ 7 Spacing of dimples as per

b _ ¢+ Case 1 ( Uniform spacing

j of dimples) ( Fig. P.6)

¢ mm Radius of loaded area con-
sidered ( Fig. P.6 )

Spacing of dimples as per

o — ¢ 2 ( Non-uniform

A - spacing of dimples)
( Fig. P.6)

W kgf Total load uniformly dis-
tributed over area of
radius ¢’ (Fig. P.6) ]

m —_ Inverse of Poission’s ratio

c — Constant concerning the
load conditions

fsr kgf/mm?®* Total longitudinal stress in
the shell ( in case of half
pipe coil type of jackets )
( see Equation P.12 ),

Je kgfimm?® Maximum equivalent stress
at the half pipe coil to
shell junction ( see Equa-
tion P.13)

Sea kgffmm?* Maximum stress in the

dimple jacket wall’_



( Amendment No. 4, page 3, clause P-2.4) —
Substitute ‘1/m’ for </[m’.

( Amendment No. 4, page 4, Fig. P.6 ) — Delete
the two existing figures given on the right hand
bottom on this page and add the  following
new figures.

( Amendment No. 4, page 7, clause P-3.2.4, equa-
tion P.13 ) — Substitute the following for the
existing equation:

St =fu? + fur* + for* —Sfo1 X fot +Su1 X
a +Sfa X fa
o (P.13)

: ( Amendment No. 4, page 7, clause P-3.3 ) —
Substitute the following for the existing clause:

‘P-3.3 Dimple Jackets

P-3.3.1 Dimple Plate Thickness — Dimples can
be assumed to act as ‘stays’ in flat heads and
plate thickness is checked below, both for:

a) Case 1—Uniform spacing of stays; and
b) Case 2—Non-uniform spacing of stays.
P-3.3.1.1 Case }—Uniform spacing of stays
( see Fig. P.6).

t,,Min=Cx ﬁ.g_a’_ﬂ:_)_

100 x f

P-3.3.1.2 Case 2—Non-uniform spacing of
stays ( ses Fig. P.6 )

. (P.14)

a+t e ,\/ 2. (P.15)
2 100 x f
where C = 0°40 for welded stays.

P-3.3.2 Checking for Siress and Deflection ( see
Fig. P.6)— Considering fixed platé with uni-
formly distributed load over the entire surface.

by Min = C x

P-3.3.2.1 Maximum stress at the edge,

3w
Sea = X .. (P.16)
P-3.3.2.2 Maximum deflection atthe centre
SxW(m—1)x ,
y=(-) 167 X ETX md X ty? - (R.I7)
The adopted thickness (¢) shall include

corrosion and manufacturing allowances, etc,

P-3.3.3 Dimple Connecting Welds — The weld
attachment is made by fillet welds around holes,
or if the thickness of the plate having hole is
5mm or less and hole is_25 mm or/ less in
diameter, the holes may be completely ﬁﬁed with
weld metal. The allowable load on weld shall
equal the product of the thickness of plate having
the hole, the circumference of perimeter of hole,
the allowable stress value in tension of the mate-
rial being welded and joint efficiency of 55 per-
cent. The connecting welds shall be checked for
shear and tear failures.’

( Pages 79 to 91, Section 11, Chapter 7'/) — Subs-
titute the following for the existing matter:

7. WELDING QUALIFICATIONS

7.0 Foreword — This chapter deals with the
cormmonly used welding processes namely manual
metal arc, submerged arc, gas shielded tungsten
arc, gas shielded metal arc and oxyacetylene
process only. For other processes, the require-
ments are to be mutually agreed between the
manufacturer/contractor and the authorized
inspector.

7.1 Manufacturer’s Responsibilities

7.1.1 Each manufacturer or contractor is
responsible for the welding done by 'his organiza-
tion, He shall establish the procedure and conduct
the tesis required in this section to qualify the
welding procedures and the performance of
welders and welding operators who apply these
procedures. oo

7.1.2 When a manufacturer or contractor
establishes proof satisfactory to the inspector that
he has previw made successful procedure
qualification tests in accordance with a recognized
standard, such a firm shall be exempted from the
necessity of requalification provided all the
requirements of this section are met.

7.1.3 The parameters applicable to the weld-
ing he performs shall be listed in a document
known as ‘Welding Procedure Specification’
(WPS) (see Appendix H of the code for suggested
WPS format ). The WPS shall be qualified by
welding test coupons and testing the specimens as
required in this section. The WPS shall describe
all of the essential and non-essential variables of
7.3 and 7.4 for each welding process used inWPS,
The WPS may be used to provide direction to the
welder or welding operator and may include any
other information that may be helpful in making
a weldment. The welding data and test results



shall be recorded in a document known as
‘Procedure Qualification Record’ (PQR ) ( see
Appendix H for suggested PQR. format ). The
PQR is a record of what happened during a
particular welding test and changes to. PQR are
not permitted unless requalified by the manufac-
turer or contractor.

7.1.4 Test plateis to be welded by the manu-
facturer or contractor and he may subcontract
testing.

7.2 Test Positions

7.2.1 All test welds for welding procedure
qualification shall be carried out as groove welds
in any of the positions described in the following
paragraphs, except that the angular deviation
shall be within 415 degree from the specified
horizontal and vertical planes and +5 degree
from the specified inclined plane.

7.2.2 The following are the basic positions for
welding ( see Fig. 7.1 ).

7.2.2.1 Flat position — Plate in horizontal
plane with the weld metal deposited from above.
Pipe with its axis horizontal and rolled during
welding so that the weld metal is deposited from
above ( see Fig. 7.1 A-1 and Fig. 7.1 A-2).

7.2.2.2 Horizontal position — Plate in vertical
plane with the axis of weld horizontal:

Pipe with its axis vertical and the axis of weld
in horizontal plane:

Pipe shall not be rotated during welding ( see
Fig. 7.1 B-1 and Fig. 7.1 B-2 ).

7.2.2.3 Vertical position — Plate in vertical
plane with the axis of weld vertical ( see

Fig. 7.1C ).

7.2.2.4 Overhead position — Plate in horizon-
tal position with the weld metal deposited from
underneath ( see Fig. 7.1D ).

7.2.2.5 Multiple position horizontal — Pipe
with its axis horizontal and the welding groove in
a vertical plane. Welding shall be done without
rotating the pipe so that weld metal is deposited
in multiple position ( se¢ Fig. 7.1E ).

7.2.2.6 Multiple position inclined — Pipe with
its axis inclined at 45° to horizontal. Weld-
ing shall be done without rotating the pipe ( see
Fig. 7.1F ).

7.3 Essential Variables — Procedure qualifica-
tion is required whenever there is a change in the
welding condition which will affect the properties
of the weldment, namely, change in the material
graup, welding process, filler metal, preheat or
postweld heat treatment. Retesting is also required
beyond the range qualified and for any change in
position; for low temperature vessels.

7.3.1 Base Metal — Procedure
required in the following cases.

qualification

7.3.1.1 A change from a base metal listed
under one metal group given in Table 6.3 of the
code to the metal listed under another with the
same metal group, the procedure qualified on
metal with certain minimum tensile strength does
not’qualify for welding metal with higher specified
tensile strength.

7.3.1.2 When a joint is made between two
base metals that have different material groups
even though qualification testing have been made
for each of the two base metals welded to itself.

7.3.1.3 When the thickness of base metal is
beyond the range qualified in accordance with
Table 7.1 and 7.3.1.5 and 7.3.6.3.

7.3.1.4 Any major change in weld prepara-
tion details for low temperature operation and
single-sided joint.

7.3.1.5 For the short circuiting transfer
made of the gas shielded arc process when the
thickness exceeds 1°1 times the thickness of test
coupon,

7.3.2 Welding Process — For each welding pro-
cess a new WPS is required and each process
shall be qualified. This may be qualified either
scparately or in combination with other processes.
For multi-processes, the qualified thickness of each
process shall not be additive in determining the
thickness qualified.

7.3.3 Filler Metal — The filler metal classifica~
tion to be used on the production weld should be
same as the one used for procedure qualification.
Any appreciable variation in the filler metal
classification from the one used for the procedure
will reqoire requalification. In case of single
welded joint, a change of more than one-third in
the diameter of electrode for root run of manual
metal arc welding requires requalification for low
temperature operation.

7.3.4 Position ( Low Temperature Vessels only ) —
The change of position is an essential varia-
ble for low temperature vessels only and requires
requalification. However, if the position qualified
is vertical up, it qualifies for other positions also.
In vertical position, a change from stringer bead
to weave bead calls for requalification.

7.3.5 Preheat — The miuimum preheat tempe-
rature shall be specified in WPS. A decrease of
more than 50 degree celsius and an increase of
more than 100 degree celsius for low temperature
and stainless steel jobs from the minimum speci-
fied shall require requalification.



Plate Horizontal Axis of Pipe Horizontal, Pipe Plate Verrical, Axis of Weld Axis of PlpedVor(Ical —_
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Welding
7 A"“':';:if)l’oslﬂon 7.1 A2 Test Position 7.1 B Test Position 7.1 B-2 Test Position
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P“t"A)‘{ig"gfﬂ’- Plate Horizontal Axis of Pipe Horizon-
tal, Pipe shall not
Weid Vertical be Turned or Rolled
While Welding
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7.1 C Test Posi- 7.4 D Test Position 7.4 E Test Position 7.1 F Test Position
tion ( Vertical ) ( Overhead ) Muitiple ( Horizontal ) { Muitipie Inclined )

Fio. 7.1 Postrions oF Test PLATEs OR PipEs FOR WELDER QUALIFICATION AND PERFORMANCE OF BurT WELDS



TABLE 7.1 GROOVE-WELD PROCEDURE QUALIFICATION — THICKNESS LIMITS AND
TEST SPECIMENS

( Clauses 7.3.1.3, 7.5.1,7.6.9, 7.7.2 and 7.7.4 )

TaiogNess ‘T RaNGE op RaAKNGE OF Tyres aNnp NumBee or Tesrs REQUirED
oF TesT TaIcRNESS OF THICKNESS ~ — A —_
CouproN Basg MeTAL ‘or Redu- All Weld Trans- Trans- Side Notched Bar Impact Macro
(see Notg 1.1) QUALIFIED DgposiTED ced Metal verse~  verse Bend .~ Ay and
mm ( see Nores 1 WgLp Section Tension Face Root Weld Metal Heat Hardness
AND 7)) MeraL Tension Bend Bend Affected (see 7.5.1.5
Py QUALIFI¥FD ( see ( see 7.5.4 Zone and 7.5.1.6
Min Max  Max (see  7.52) and Notes 1.2 (see 7514 and and
( se¢ Note 5 ) Notes 1 and 3 ) Notes 4 and 6 ) Note 6 )
mm mm AND 7}
mm
(H 2) (3) 4) (5) (6) ) (8) 9 (10) (11 (12)
Below 3 T 3 3 1 —_ 2 2 - —_ — 1
3up t(i‘ and 3 2T 2 1 — 2 2 - 3 3 1
including 10
Over 10 but 5 2T 2t 1 1 2 2 (se¢ Note 2) 3 3 1
less than 20 (see Note 7)
20 and less 5 2T 21 1 1 —_ - 4 3 3 1
than 40
40 and above 5 200 200 when 1 1 - - 4 3 3 1

tP 40

Note 1 — When the groove is filled using a combination of welding processes and/or welding procedures with the
same process ( one welding process with a different combination of essential variable ),

Note 1.1 — The thickness ¢ of the deposited weld-metal for each welding procedure shall be determined and used
in the thickness ¢ of deposited weld metal column. The test coupon thickness 7" is applicable for the base metal for each
welding procedure and shall be used in the range of thickness of base metal columa.

Nore 1.2 — The deposited weld metal of each welding process and of each welding procedure shall be included on
the tension side of the bend when these test samples are used.

Norte 1.3 — Each welding process and each welding procedure 'qualified in this combination manner may be used
separately, only within the same essential variables and within the thickness limits described in this table.

Nore 2 — Side-bend test may be substituted for the required face and root bend tests, when thickness T is over
10 mm but less than 20 mm.

Nors 3 — Longitudinal face and root bend tests may be substituted for the required transverse face, root and side
bend tests, when the bending properties of the two base metals or the weld metal and the base metal differ markedly
( see 7.5.4 and 7.5.5 ). :

Notg 4 — Out of three specimens for notched bar impact test for weld metal as well as heat.affected zone (HAZ),
two specimens shall contain the face side of the joint and one specimen the root side of the joint, These form one set of
specimens ( se¢‘7‘.5.fi ).

Nore 5 — See also 7.3.1.5 and 7.3.6.3 for further limitations on range of thickness of base metal qualified. For oxy-
acetylene welding the test piece thickness shall be the maximum thickness for which the procedure qualification is valid.

Nore 6 — Notch bar impact and hardness tests and macro examination are applicable to class I vessels only ( see
Table 1.1 ).

Nore 7 — For low temperature application, the minimum base metal thickness qualifies ¢ 7' for thickness below
16 mm and 16 mm for thickness 16 mm and above.




7.3.6 Post Weld Heat Treatment

7.3.6.1 Post weld heat treatment { PWHT )
is a variable and requires qualification under each
of the conditions mentioned below. The test
coupon shall be subjected to heat treatment
essentially equivalent to that encountered in the
base metal and fabrication of weldments, includ-
ing at-least 80 percent of the aggregate times at
that temperature. This 80 percent time limitation
is not applicable to post weld -heat treatment
when it is conducted below the lower transforma-
tion temperature:

a) No PWHT;

b) PWHT below lower transformation tempe-
rature ( for example, tempering );

¢) PWHT above upper transformation tempe-
rature ( for example, normalizing );

d) PWHT shows .upper transformation tem-
perature followed by heat treatment below
the lower transformation temperature (for
example, normalizing or quenching
followed by tempering ); and

¢) PWHT between the upper and lower trans-
formation temperatures.

7.3.6.2 In case the weld is for low tempera-
ture application a change from post weld heat
treatment and time range in accordance
with 7.3.6.1 requires requalification.

7.3.6.3 For the test coupons receiving a post
weld heat treatment in which either of the critical
temperatures is exceeded the maximum qualified
thickness for production welds is 11 times the
thickness of fest coupon.

7.3.7 Shielding Gas — In case of gas shielded
process a change from a single shielding gas to
another shielding gas or to a mixture of shielding
gases or a change in the composition of the shield-
ing gas mixture or omission of shielding gas will
require requalification. In case of non-ferrous
metals, a change of more than 15 percent in the
gas flow rate requires requalification.

7.3.8 Electrical Characteristics — In case of gas
shielded arc process for non-ferrous materials, a
change from dc to ac or vice versa and in dc
welding , change in electrode polarity requires
requalification. A change from spray arc, globular
arc or pulsating arc to short circuiting arc or vice
versa requires requalification,

7.4 Non-essential Variables — Variables other
than above arc non-essential variables including
change of location and does not require fresh
procedure qualification for metal arc welding,
submerged arc welding and gas shielded arc
welding. The WPS may alone be revised to show
the non-essential variable where necessary. For
other welding processes the essential variables
will be drawn in consultation with the Inspection
Authority. ‘

7.5 Tests

7.5.1 The following tests are required for pro-
cedure qualification { see Table 7.1 ).

7.5.1.1 Reduced section tensile test — One test
is done to determine the ultimate tensile strength
of the groove welded joint.

7.5.1.2 All weld metal tensile test — One test
is done to determine the ultimate tensile strength
and elongation of weld metal.

7.5.1.3 Guide bend tests — Guide bend tests
as described below are done to determine sound-
ness and ductility of groove weld joints:

a) One transverse root bend up to 10 mm
thickness { see 7.5.4 );

b) One transverse face bend up to 10 mm
thickness ( see 7.5.4 );

c) Two transverse side bends above 10 mm
thickness ( see 7.5.4 );

d) One longitudinal root bend instead of tran-
sverse root bend ( se¢ 7.5.5 ); and

¢) One longitudinal face bend instead of
transverse face bend ( see 7.5.5 ).

7.5.1.4 Notched bar impact test — One set of
three charpy V-notch impact test are donein
accordance with 7.5.5 to determine notch tough-
ness property of the groove welds (see also 7.5.6 ).

7.5.1.5 Macro test — One test is done in
accordance with 7.5.6 to check the complete
fusion of the groove weld.

7.5.1.6 Hardness test—This is done in accor-
dance with 7.5.7 to check the hardness of weld
and heat affected zone ( HAZ ).

7.5.2 Reduced Section Tensile Test—One reduced
section tensile test on a test specimen cut trans-
verse to the weld is to be done [see IS : 1608-1972
Method of ténsile testing of steel products ( first
revision ) ] as follows.

7.5.2.1 A single specimen of full thickness
shall be used for thickness up to and including
25 mm for plates ( se¢ Fig. 7.2A ) and pipes ( see
Fig. 7.2B );

7.5.2.2 For thicknesses above 25 mm single
or multiple specimen may be used as necessary
for plates and pipes.

7.5.2.3 When multiple specimens are used
the specimen shall be cut so as to represent the
full thickness of the weld at the location. All the
specimens shall represent the full thickness of the
weld at one location and each specimen shall be
tested. ‘

7.5.2.4 For small pipes ( such as less than
73 mm O.D. ) reduced section specimen as per
Fig. 7.2C may be used.

7.5.2.5 Alternatively full section specimen as
per Fig. 7.3 may be used.

7.5.3 All Weld Metal Tensile Test — One all
weld metal tensile test on a test specimen taken
along the weld is to be done ( see IS : 1608-1972)
on a specimen prepared as shown in Fig. 7.4
(- see 8.5.6 } as follows'
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7.5.3.1 The diameter of the test specimen is
the maximum possible diameter and this need not
be more than 16 mm.

7.5.3.2 The test should include tensile
strength, yield strength and elongation.

7.5.3.3 For design temperature above 100
degree celsius the test shall include elevated tem-
perature testing.

7.5.3.4 In case of multiple process or multi-
ple procedure the specimen are to be prepared to
represent each process/procedure. The location
and size of specimen are selected in consultation
with the Inspection Authority.

7.5.3.5 For pipe instead of one all weld
metal tensile test, one extra transverse tensile test
is to be done ( see Fig. 7.9 ).

7.5.4 Transverse Bend Test — Two transverse
root bend tests and two face bend tests are to be
done on test specimens cut transverse to the weld
( see 8.5.9 ). The diameter of former and distance
between supports shall be as given in Table 8.2.

7.5.4.1 The specimens are bent such a way
that the root surface becomes convex surface in
one set and the face surface becomes convex
surface in another set ( see Fig. 7.5A and Fig.
7.5B ).

7.5.4.2 When the thickness of plate exceeds
10 mm, face bend and root bend tests are to be
substituted by two side bend tests ( see Fig. 7.5C ).

7.5.5 Longitudinal Bend Test —Transverse bend
tests may be substituted with one face bend and
one root longitudinal bend test ( see Fig. 7.6 ),
when the weld metal and the parent metal differ
markedly in bending properties either between
dissimilar parent metals or weld metal and parent
metal. The tests shall be done as per transverse
bend test procedure ( see 7.5.4 ).

7.5.6 Noiched Bar Impact Test — One test of
three V-notch impact test specimens transverse to
the weld is to be tested as per 8.5.8 of the code.
In case of welds for low temperature application,
three more impact test specimens shall be taken
from the heat .affected zone and tested.

7.5.7 Macro Test — One macro test on a speci-
men cut transverse to the weld is to be done to
determine the complete fusion and free from
cracks, as per the code ( see 8.5.11 ).

7.5.8 Hardness Test — Hardness test isto be
done on the macro test specimen along the cross
section of the weld and the heat affected zone. The
hardness shall be assessed by a HV indentor of
not more than 30 kgf load,

7.5.8 Preparation of Test Coupon — The base
metal and filler metal shall be as per 7.7.

7.5.10 Order of Removal of Test Specimens — The
test specimens are removed from the test coupon
as detailed below: ‘

a) Where transverse bend tests are required,

the test specimens are removed 1s shown
in Fig. 7.7.

b) Where longitudinal bend tests are required,
the test specimens are removed as shown in
Fig. 7.8.

c) Where test is done on a pipe, the test
specimens are removed as shown in
Fig. 7.9.

7.6 Acceptance Criteria— In order to pass the
test, specimens shall have the following minimum
requirements.

7.6.1 Transverse Tensile Test

7.6.1.1 Specified minimum tensile and yield
strength of base metal.

7.6.1.2 In case of two different metals,
specified minimum strength of the weaker of the
two.

7.6.1.3 If the specimen breaks outside the
fusion line, the test shall be accepted as meeting
the requirement provided the strength is more
than 95 percent of the minimum tensile strength
of the base metal.

7.6.2 All Weld Metal Test

7.6.2.1 The tensile strength and/or yield
strength shall not be less than the corresponding
specified minimum values for the parent metal.

7.6.2.2 The elongation shall not be less than
80 percent of the minimum elongation specified
for the base metal corrected for the gauge length
if different from 5 d,.

7.6.2.3 For elevated temperature test, the
values shall not be less than corresponding values
for the base metal at the appropriate temperature.

7.6.3 Bend Tests

7.6.3.1 The weld and heat affected zone of
a transverse bend specimen shall be completely
within the bent portion of the specimen after
testing.

7.6.3.2 The specimen shall have no open
defect in the weld or heat affected zone exceeding
3 mm measured in any direction on the convex
surface of the specimen.

7.6.3.3 Cracks occurring on the corners of
the specimen during the testing shall not be con-
sidered unless there is definite evidence that they
result from slag inclusions or other internal
defects.

7.6.4 Impact Test — The minimum average
results from the impact test shall be 26 kgfjcm?
and the minimum value for any test specimen
shall be 2:0 kgfjcm?.

7.6.5 Macro Examination — Visual examination
of the cross section of the weld metal and heat
affected zone ( HAZ ) shall show complete fusion
and shall be free from cracks.

10
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Y I 150 min.
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PIPE PLATE
7.5A Face-Bend Specimen — Plate and Pipe

L \ / I \,(
R3 max. ?
( l 40
I {
" t
3
Y Y
T 150 min.
7
PIPE PLATE
Special Not. jor 7.54 and 7.5B
1.!Y = T when T is 1'5 mm to 10 mm,
7.5B Root Bend Specimen — Plate and Pipe
. 150 min.
[‘ 3 min.
L-’_.' ]" e - — pudindel [ - A W - i
1] \/ Y
F- - - — = f 1
110 R3Imax.

Spesial Notds for 7.5C
1| When specimen thickness T exceeds 20 mm, use one of the following:
1.1 Cut specimen into multiple test coupons I of approximately equal dimensions { 10 mm tc
?:zs)t;d specimen thickness when multiple specimens are taken from one coupon.
. 1.2 The specimen may be bent at full width,
2. ¥ = T when T is 10 to 20 mm.
7.5C Side Bend Specimen — Plate and Pipe
Note 1 — Weld reinforcement and backing strip or backing ring, if any shall beremoved flush with the
surface of the specimen. )

NotE 2 — If the pipe being tested is 100 mm nominal diameter or less, the width of the bend specimen may be
as follows:
2.1 20 mm for diameters 50 mm to 100 mm including
2.2 10 mm for diameters less than 50 mm to 10 mm including
2.3 Alternatively, if the pipe is 25 mm nominal dia or less, the width may be that obtained by cutting
the pipe into quarter sections, less an allowance for cutting. These specimens are not required
to have cne surface machined flat as shown,
Notr 3 — If the surfaces of bend specimen are gas cut, removal by machining or grinding of not less than
3 mm from the surface shall be required.

All dimensions in millimetres,
Fig. 7.5 TransvERSE BeND TEST SPECIMENS
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F1c. 7.7 OrbEeR oF REMOVAL OF TEST SPECIMENS FROM
PLATE-TRANSVERSE BEND PROGEDURE QUALIFICATION
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Fi1c. 7.8 OrDER OF REMOVAL OF TEST SPECIMENS,
PraTteE-LoNciTuDiNaL Bend PROCEDURES

QUALIFICATION
LYoo d oo T .o PO VAT e
l.u.u LIararess 4 e.u b l. uc maXimuiii v iICXCT §

hardness value of the weld metal and heat affec-
ted zone { HAZ ) shall not exceed the following
values ( see also Table 6.3 ).

7.6.6.1 225 HV for steels of metal group 0,
laand 1b.

]
[}
o
[+

.6.7 Acceptance of Procedure Qualification Record
) — The results of the test and the exami-
nation of the test coupons shall satisfy the above

ol man for ascantanca
l\-\tml(-l_llbll D AVUL a\-\'cytau\'c-

7.6.8 Records —Records of all tests ( see 7.1.3 )
shall be kept by the manufacturer for a period of

at lenet § veare afterthe insnection of the nressure
QAL IvdaL v LAl ARl Lilvw AAAD}JM\.I-AUJ‘ i viku Hl\aﬂaulh

vessel and shall be available for the Inspecting
Authority for examination when required. Pro-
forma for keeping records is given in Appendix H.

tion ( WPS')

7.6.9.1 Qualification of plate qualifies for
the pipe and vice versa.

7.6.9.2 Qualification on a groove weld
qualifies the fillet weld of all sizes on all base
metal thicknesses as permitted in Table 7.1.

7.6.9.3 Qualification on a groove weld
qualifies partial penetration groove welds for the
thickness of deposited weld metal qualified as
indicated in Table 7.1.

7.6.9.4 The range of base metal thickness
and weld metal thickness qualified as is indicated
in Table 7.1.

7.6.9.5 WPS qualified on groove welds shall
be applicable for production welds between dissi-
milar base metal thicknesses provided:
a) The thickness of thinner member shall be
within range permitted.
The production joints shall be within the

inkcacn poamoge maneitiad 3o TAL1. 7 1

+h A
I.l‘.lbkllbbb 1a.usb yczuuucu Ul L AMIC Fa.1.

c) Alternatively, the maximum thickness per-
mitted in Table 7.1

INILLEQ 14l 2 20:C

b)

mav be adonted for
may D€ aqopled ior

thicker member provided the qualification
was made on the base metal of thickness
40 mm or more.

More than one PQR may be required to
qualify for some dissimilar thickness com-
bination.

d)

_7.7 Preparation of Test Coupon — The base

metal and filler metal shall be one or more of
those listed in the WPS. The dimension of the
test coupon shall be sufficient to provide the
required test specimens. The base metal may con-
sist of either a plate or a pipe, Quahﬁcauons of

plate also qualifies the pipe and vice versa.

7.7.1 The order of removal of test specimens

s and nines are shown in Thnr 7.7 to

all Pipes alc 520 mn

for nln

10f

7.9.

7.7.2 The test coupon shall qualify the thick-
ness ranges of both base metal and the deposited

weld metal to be used
weld mictal t¢ 2€ useG

qualification shall
Table 7.1,

T.imits of
samits o1

in nroduction
i proqucuon.

be in accordance with

7.7.3 The WPS made as above on groove weld
all

ualifies the fillet weld for all f on al
ase metal thicknesses.

o llet sizes
qu 1liet s12e8
bas

7.7.4 The WPS made as above on groove weld
ualifies partial penctranon groove welds for the
ted in Table 7.1.

Q
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NOTE_— Weld extra test piece to accommodate one extra transverse tensile specimen in place of all weld
metal tensile and to accommodate three impact specimens, if required.

Fi1g. 7.9 Ogrper oF REMovaL oF TEST SPECIMENS, PIPE-PROCEDURE QUALIFICATION

7.8 Welder’s Performance Qualification

7.8.1 Each manufacturer or contractor shali be
responsible for conducting tests to qualify the
performance of the welders or welding operators
in accordance with one of this welding procedure
specification ( WPS ). The welders or welding
operators shall be tested under the supervision
and control of the manufacturer or contractor.
The welding performed by the welder or welding
operator in another organization is not to be
considered.

7.8.2 Qualification Tests — The performance
qualification tests are intended to determine the
ability of the welder or welding operator to make
sound welds. The manufacturer or contractor
shall qualify each welder or welding operator for
each welding process to be used in production
welding. The performance tests can be either for
groove weld or for fillet weld.

7.8.2.1 The welder or welding operator who
welds the PQR test coupons is also qualified with-
in the limits of the performance qualification
listed in this section ( see 7.8.5 ).

7.8.2.2 A welder or welding operator quali-
fied to weld in accordance “with one qualified
WPS is also qualified to weld in accordance with
other qualified WPS using the same welding
process within the limits of variables listed in this
section ( see 7.8.7 ).
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7.8.2.3 Each qualified welder or welding
operator shall be assigned an identification which
shall be used to identify the work of that welder
or welding operator.

7.8.2.4 The record of welder or welding
operator performance tests shall be kept by the
manufacturer. This shall include the welding
variable, the type of test, tests results and ranges
qualified for each welder and welding operator.
Pro-forma for keeping records is given in
Appendix H.

7.8.3 Groove Welds

7.8.3.1 Mechanical test— The type and num-
ber of test specimens required shall be in accord-
ance with Table 7.2. The order of removal of test
specimen is shown in Fig. 7.10. The acceptance
shall be in accordance with 7.6.

7.8.3.1.1 Mechanical testing as given in
Table 7.2 may be substituted by radiography on
a test bed of 225 mm length, Acceptance standard
for radiography shall be as per Class I vessels.
Qualification by radiography is not permitted for
gas metal arc welding.

7.8.3.2 Test coupon for pipes — The test
coupons for pipes shall be removed as shown in
Fig. 7.11 for mechanical testing. The acceptance
shall be in accordance with 7.6.



TABLE 7.2 GROOVED-WELD PERFORMANCE QUALIFICATIONS THICKNESS LIMITS
AND TEST SPECIMENS

( Clause 7.8.3.1)

TraicRNEFSS T o
THRE TEST

THICRNESS ¢t OF
DerosiTeED WELD

Type anD NuMBER oF TesT REQUIRED
A

CovrcN WELDED MEeTAL QUaLIFIED Side Bend Face Bend Root Bend I;I.a_c-r?
( see Note } ) ( see 7.8.6 AND ( see Notes 3 and 4 )
mm Nore 2)

mm

Upto 10 2t ( see Note 5) 1 1 1

10 but less 2t 2 - - 1

than 20

20 and above Maximum to be 2 —_ - 1

welded

Nots | — The entire thickness of groove joint test coupon shall be filled with deposited weld metal,

Norg 2 — Two or more pipe test coupons of different thicknesses may be used to determine the deposited
weld metal thickness qualified and that thickness may be applied to production welds to the smallest diameter for
which the welder is qualified.

Note 3 — A total of four specimens is required to qualify for multiple positions as prescribed in Fig. 7.11B..

NoTk 4 — Face and root-bend tests may be used to qualify combination test of:

4.1 One welder using two welding processes; or

4.2 Two welders using the same or a different welding process.

Notg 5 — Two side bend tests may be substituted for

the required face and root-bend tests,

DISCARD THIS PIECE

ROQT BEND SPECIMEN

(SIDE BEND)

FACE BEND SPECIMEN

(S!IDE BEND)

MACRC TEST SPECIMEN

- - - - - — 4 F—- - - - - - —
DISCARD THIS PIECE

7.10A Transverse Bend

DISCARD THIS PIECE
______ 4 - =l-— = = = = 4
LONGITUDINALT | SPECIMEN
FACE BEND | |

| |

i |

' |
~~~~~ il il el el
LONGITUDINAL ' | SPECIMEN
ROOT BEND : \

!

{ |

{ |
- - == - [ Ut
.MACRO SPECIMEN
TEST
______ [_ -F - == - -
DISCARD THIS PIECE

7.10B Longitudinal Bend

Fio. 7.10 OrpER oF REMovaL oF Test SpECIMEN, PLATE — PERFORMANCE QUALJFICATION

7.8.4 Fillet Welds

7.8.4.1 Mechanical test — For fillet welds,
fracture test and macro examination shall be done.
The dimension and preparation of test specimen
shall be in accordance with Fig. 7.12 for plate
and Fig. 7.13 for pipe. The test specimen shall
not contain any visible cracks.

7.8.4.2 The specimen for fracture test is
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taken as shown in Fig. 7.12 and Fig. 7.13 and
shall be loaded laterally in such a way that the
root of the weld is in tension. The load shall be
steadily increased until the specimen fractures or
bends flat upon itself. The fractured surface shall
show no evidence of cracks or incomplete root
fusion and the sum of the length of inclusion and
porosity visible on the fractured surface shall not
exceed 10 mm for plate and 10 percent of the
quarter section for pipe.



FACE BEND . o
(SIDE BEND} ROOT BEND MACRO

6/00’—

FACE BEN
45° 10 o

MACRO ROOT BEND FACE BEND ROOT BEND
(SIDE BEND)  (SIDE BEND) (SIDE BEND)

7.11B  Multiple Horizontal and Mulitiple-inclined
Fre. 7.11 OrbpeRr oF ReMovaL oF TesT SPECIMENS, PIPE-PERFORMANCE QUALIFICATION

DIRECTION OF BENDING
t

7.41A Flat or Horizontal

; STOP AND RESTART WELD
e NEAR THE CENTRE

t
i
'

75
1007 150
1 /
1 2 .
! MACRO TEST
100 MAXIMUM FILLET SIZE=t SPECIMEN

t=5mm TO 10mm
All dimensions in millimetres.

F1c. 7.12 FiLLer WELD IN PLATE-PERFORMANCE QUALIFICATION
DIRECTION OF BEND

1/4SECTION BEND

MAXIMUM FILLET
SIZE=t

-~
25 &
LSSy

START AND STOP OF

max. | WELD NEAR CENTRE OF BEND

1 ZE}_O min. !

t=WALL THICKNESS
Nore — Either pipe to plate or pipe to pipe may be used as shown.
All dimensions in millimetres.
F1g. 7.13 FiLLerT WELD 1N Pipe-PERFORMANCE QUALIFICATION
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7.8.4.3 The cut end of one of the end
section shall be smoothed and etched with a suit-
able etchant ( see Appendix K ) to give a clear
definition of the weld metal and heat affected
zone. The visual examination shall show complete
fusion and free from cracks except that the linear
indications at the root shall not exceed 0'8 mm.
The weld shall not have a concavity or convexity
.greater than 1'5 mm and the difference in length
of legs of fillet shall not exceed 3 mm.

7.8.4.4 For fillet welds the basic position for
plates and pipes are described in Fig. 7.14 and
7.15.

7.8.4.5 The limitations and number of tests
tequired for fillet weld performance shall be as
shown in Table 7.3 for plate, Table 7.4 for fillet
gualification by groove weld and Table 7.5 for
small diameter pipe fillet weld.

7.8.5 Limits of Qualified Positions

7.8.5.1 Welders who pass the required tests
in groove welds in test positions ( see Fig. 7.1)
shown in Table 7.6 shall be qualified for the posi-
tion of groove welds, including branch welds,
shown in Table 7.6 and the fillet welds (see Fig.
7.14 and Fig. 7.15 ) shown in Table 7.6. In addi-
tion, the welders who pass the required test for
groove welds shall also be qualified to make fillet
welds and in all thicknesses and pipe diameters of
any size within the limits of the welding variables
( see 1.8.7 ).

7.8.5.2 Welders who pass required test for
fillet welds in the test position of Table 7.6 shall
be qualified for the positions shown in this table.
Welders who pass the test for fillet weld on plate
shall be qualified to make fillet weld only in all
thicknesses of material, sizes of fillet weld and
pipes and tubes 73 mm outside diameter and over,
within the essential variable. Welders who make
fillet weld in pipe or tube less than 73 mm-outside
diameter shall pass the pipe fillet test in accord-
ance with 7.8.4.5. :

7.8.5.3 A fabricator who does production
welding in a special orientation may make the
test for performance qualification in this specific
orientation. Such qualification is valid only for
the position actwally tested except that an angu-
lar deviation of 4 15° is permitted in the
inclination of the weld.

7.8.6 Qualification Test Coupons

7.8.6.1 The test coupons may be plate or
pipe. When all position qualifications for pipe are
accomplished by welding one pipe assembly in
both horizontal and multiple positions, large
diameter pipes shall be employed to make up
the test coupons-as illustrated in Fig. 7.16.

7.8.6.2 The dimensions of the welding
groove of the test coupons used in making double
welded groove welds or single welded groove
welds with backing shall be the same as those of

any welding procedure or shall be as shown in
Fig. 7.17. Partal penetration groove welders or
fillet welds are considered as welding with
backing.

7.8.6.3 The dimensions of the welding
groove of the test coupon used in making qualifi-
cation tests for single welded groove welds with-
out backing shall be the same as those for any

WPS qualified by the manufacturer or as shown
in Fig.7.18,

7.8.7 Welding Variables

7.8.7.1 A welder or welding operator shall
be qualified whenever a change is made in one
or more of the essential variables listed. When a
combination of welding process is required to
make a weldment, each welder shall be qualified
for the particular welding process or processes he
will be required to use in production welding. A
welder may be qualified by making tests with
each individual welding process or with the com-
bination welding process in a single test coupon.
The limits of thickness for which the welder is
qualified is dependent upon the thickness of test
coupon as given in Table 7.6. The following are
the essential variables and require requalification
of welder or welding operator.

7.8.7.2 Foints — The deletion of backing and
change in root detail in single welded groove
welding. Double welded groove welds are consi-
dered as welding with backing.

7.8.7.3 Base metal — The change in the pipe
diameter beyond the range qualified specified in
Table 7.7 and thickness beyond the range speci-
fied in Table 7.2.

7.8.7.4 Filler metal — A change in classifica-
tion of filler metal and a change in deposited
weld metal thickness beyond the limit specified in
Table 7.2. A change in more than one-third in
the diameter of electrode for root run of manual
metal arc welding.

7.8.7.5 Positions — The addition of other
welding positions than those already qualified
specified in Table 7.6 (see 7.2, 7.8.4 and 7.8.7.7).
For process other than submerged arc welding,
a change from upwards to downwards or wice
versa in the progression specified for any pass of
a weld except that cover or wash pass may be up
or down. The root pass may also be run either up
or down when the root pass is removed to sound
weld metal in the preparation for welding the
second side,

7.8.7.6 Shielding gas — The emission of
inert gas shielding ( backing ) except that requa-
lification is not required when a qualified WPS is
changed to emit the inert gas backing. This pro-
cedure is used for a single welded butt joint with
a backing strip or a double welded butt jointor a
fillet weld and in case of non-ferrous metals a
change of more than 15 percent in the gas flow
rate.
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THROAT OF WELD
VERTICAL

~
AXIS OF WELD
HORIZONTAL
7.14A Flat Position of Test Tee 7.14B Horizontal Position
for Fillet Weld of Test Tee for Fillet Weld
AXIS OF WELD AXIS OF WELD
VERTICAL HORIZONTAL

7.14C Vertical Position of 7.14D Overhead Position of
Test Tee for Fillet Weld Test Tee for Fillet Weld

Fig. 7.14 PostTioNs oF TesT PLATEs FOR WELDER PERFORMANCE QUALIFICATION OF FILLET WELDs

TABLE 7.3 PLATE FILLET-WELD TEST

TyPE oF JoINT THiCENESS ¢ OF RANGE QUALIFIED NuMBER OF SPECIMENS
TrsT COUPON AB REQUIRED ( s¢¢ F1a. 7.12)
WEeLDED e e A e —
mm Macro Fracture
Tee fillet 5to0 10 All base material thicknesses,
fillet sizes, and diameters } 1 1
73 mm O. D. and over J

TABLE 7.4 FILLET QUALIFICATION BY PLATE OR PIPE GROOVE-WELD TESTS

Ty PE oF JoINT THICKNESS ¢ OF RANGE QUALIFIED Type aAND NUMBER oF TESTS
TrsT CoUuPON aS R EQUIRED
WELDED
Any groove All thicknesses All base material thicknesses, Fillet welds are qualified when
fillet sizes, and diameters groove weld is qualified in

accordance with either Table
7.1 or Table 7.7
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i
o
45
/
7.15A Flat ( Rotated ) 7.158 Horizontal 7.15C  Vertical ( Rotated)
7.15D Overhead 7.15E Multiple
Fig. 7.15 Positions oF Test Pires FoR WELDER PERFORMANGE
QuaLIFIcATION OF FILLET WELDS
TABLE 7.5 SMALL DIAMETER PIPE FILLET-WELD TEST
NoMiNaL Pree S1zE oF OuTsipE DIAMETER QUALIFIED Pipg WaLL NUMBER OF SPECIMENS
SaMpLEe WELD ( No Maximom ) THICKNESS REQUIRED (see F1a, 7.12)
QUALIFIED — A \
Macro Fracture
Less than 20 mm Minimum of not less than All 1 1
. size welded
20 to 50 mm Over 25 mm All 1 1
Over 50 mm 73 mm and over All 1 1
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TABLE 7.6 PERFORMANCE QUALIFICATION POSITION LIMITATIONS

Qu ALIFICATION TEesT Position axp TyepE WeLD Quaririep ( NoTe 1)
e - —— A
Weld Position Groove Pipe Fillet
Plate and Pipe Plate and Pipe

Over 600 mm OD

Plate-Groove F F F ( Note 2 ) F
H F, H F, H( Note2) F, H
4 F,V F(NoteZ) F, HYV
(% F, O F ( Note 2) F, H, 0
V and O F,V,0 F( Y0te2) All
H, V and O All F, H( Note 2) All
Plate-Fillet F — — F ( Note 2)
H — — F, H( Note 2)
vV — —_ F, H, V (Note 2)
0 -— — F, H, O (Note 2)
V and O — — All ( Note 2)
Pipe-Groove F F F F
H F, H F, H F, H
MF F,V,0 F,V,0 All
MI All All All
H and MF All All All
Pipe-Fillet F — — F
H — — F,H
14 - — F,H
0 -_— —_ F, H 0
Vand O —_ — All
Note | — Position of welding shown in Fig. 7.1 and Fig. 7.14.
Notg 2 — Pipes 73 mm OD and over.
F = Flat 0 = Overhead
H = Horizontal MF = Multiple Fixed
V = Vertical MI = Multiple Inclined
ROOT BEND
SIDE BEND
FACE BEND FACE BEND
SIDE BEND

SIDE BEND

HORIZONTAL REFERENCE
LINE FOR FIXED
HORIZONTAL POSITION

260
80’ . PIPE IN FIXED
100 HORIZONTAL POSITION
PIPE_IN FIXED FOR MF TESTS | _

VERTICAL POSITION B
AT / /

! ao°

SIDE BEND

SIDE BEND
ROOT BEND
Jal-

ROOT BEND

SIDE BEND
FACE BEND

Note 1 — Side bend may be substituted for face and root bends for thickness above 10 mm.
NortE 2 — Acceptance as per 7.6.
F16. 7.16 ORrDER OF REMOVAL OF TEsT SPECIMENS FROM PIPE — ALL PosiTioN-PErRFORMANCE TEST
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t/2 max.

30°mux.

(-]
\<~-—\17_'_/2 max.
1

/SUGGESTED SIZE OF

RING OR STRIP t/3x 174t

Fig. 7.17 SiNngLeE WEeLDED GROOVE-JOINT
witH Backing

TABLE 7.7 PIPE GROOVE — WELDS DIAMETER
LIMITS — PERFORMANCE QUALIFICATION

OvuTsipE DisMETER
QUALIFIED
(No MaxiMoMm )
mm

NomiNaL Prpg Si1zE oF
SamMPLE WELD

Minimum of not less than
size welded

Less than 20 mm

20 to 50 mm Over 25 mm

Over 50 mm 73 mm and over

' i
t
1
t/2max. t/3 max.BUT NOT
GREATER THAN 3mm
Fic. 7.18 SiNgLE WELDED GROOVE-JOINT
WITHOUT BACKING
7.8.8.1 When the qualification coupon has
failed in mechanical testing in accordance

7.8.7.7 Electrical characteristics — In case of
gas shielded welding a change from ac to dc or
vice versa and in dc welding a change in the elec-
trical polarity. For gas shielded arc welding a
change from spray arc, globular arc or pulsating
arc to short circuiting arc or vice versa.

7.8.7.8 Non-essential Variables — Variables
other than above are non-essential variables
including changes of location and does not require
fresh performance qualification for metal arc
welding, submerged arc welding and inert gas
arc welding. For other welding processes this is to
be drawn in consultation with the Inspection
Authority.

7.8.8 Re-tests — A welder or welding operator
who fails to meet the requirement of one or more
of the test specimens prescribed in Table 7.2 may
be retested under following conditions.

(EDC48)
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with 7.8.4.1, retesting shall be by mechanical
testing. When an immediate retest is made, the
welder or welding operator shall make two conse-
cutive test coupons for each position " for which
he has failed, all of which shall pass the test
requirement.

7.8.9 Renewal of Qualification — The perform-
ance of the welder or welding operator shall be
affected under the following conditions.

7.8.9.1 When he has not welded with a
process during a period of 3 months or more, his
qualification for that process shall be expired,
except when he is welding with another process,
the period may be extended to 6 months.

7.8.9.2 When he has not welded with any
process dnring a period of 3 months all his quali-
fication shall be expired including any of which
may have extended beyond 3 months by virtue
of 7.8.9.1.

7.8.9.3 When there is a specific reason to
question his ability to make welds that meet the
specification which support the welding that he is
doing his qualification be considered expired.

7.8.9.4 Renewal of qualification for a speci-
fic welding process under 7.8.9.1 or 7.8,9.2 may
be made in a single test joint, plate or pipe on
any thickness, position or material to re-establish
welder or welding operator qualification for any
thickness, position or material for the process for
which he was previously qualified.’
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