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Welding Applications Sectional Committee, MTD 12

FOREWORD

This Indian Standard ( First Revision ) was adopted by the Bureau of Indian Standards, after the
draft finalized by the Welding Applications Sectional Committee had been approved by the
Metallurgical Engineering Division Council.

This standard was first published in 1980. While reviewing the standard in the light of experiences
gained during these years, the Committee decided to revise it to bring it in line with the present
practices being followed by the Indian industry.

This standard relates to the welding of particular types of steel regardless of the form in which the
“steel is used, for example, plates, sections or tubes. It Las been used extensively over a wide field
of fabrication and has been recognized as a comprehensive welding standard.

Annexures are included to give guidance on factors that should be considered in establishing
welding requirements and procedures for a particular fabrication. Permissible stresses in welds,
‘méthods of testing and acceptance levels are not specified. These requirements should be obtained
from the relevant application standard or by agrecement between the purchaser and the fabricator.

This standard keeps in view the practices being followed in the country in this field. Assistance
has also been derived from BS 5135 : 1984 “Specification for process of arc welding of carbon and
carbon Manganese steels’, issued by the British Standards Institution.

For the purpose of deciding whether a particular requirement of this standard is complied with,
the final value, observed or calculated, expressing the result of a test, shall be rounded off in
accordance with IS 2 : 1960 ‘Rules for rounding- off numerical values ( revised )'. The number of
significant places retained in the rounded off value should be the same as that of the specified
value in this standard.
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3 TERMINOLOGY

For the purpose of this standard, the definitions
given in IS 812:1957 and the following shall
apply.

3.1 Auto-Contact Welding

An automatic metal-arc welding process using
covered electrode the covering of which is kept
in contact with the parent metal during welding.

3.2 Gravity Welding

Metal-arc welding” using a contact electrode
supported by a mechanism which allows the
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electrodes to descend and move along the joint
under gravity.

4 INFORMATION TO BE SUPPLIED

The information either supplied by the
purchaser or decided between the purchaser or
his representative and the fabricator as
appropriate shall include the following:

a) Specification of the parent metal and of
the required weld metal and weld joint
properttes,

b) The application standard or code to be

applied together with any supplementary
requirements;

¢) Locations, dimensions and details, that
is, form of joint, angle between fusion
faces, gaps between parts, of all welds.
Symbols conforming to IS 813: 1986
should be used for standard weld forms,
but details shall be given for any non-
standard welds;

d) Whether the welds are to be made in the
shop or elsewhere;

e) Surface finish of weld profile;
f) Pre-and post-weld heat treatment;

g) Whether written welding procedures and/
or tests are required;

h) Quality control arrangements and testing
and inspection requirements;

j) Weld acceptance levels; and

k) Whether means of identification on w;lds
to trace back to the welders is required
and if so means to be used.

5 PARENT METAL

5.1 The requirements of this standard apply to
carbon and carbon manganese steels both semi-
killed and killed having chemical analysis
determined by ladle analysis and refer to steels
up to a maximum carbon equivalent of 0.53
when calculated using the following formula:

Carbon Equivalent

Mn Cr+ Mo+ V Ni + Cu
=C+7g + 5 t s
NOTE — This carbon equivalent formula may not
apply to carbon manganese steels of Jow carbon
content ( less than 0°10 percent) or boron

comtaining steels and therefore the guidance given
in F-3.1 should be followed.

5.2 The requirements of this standard may be
applied to steels whose carbon equivalent
exceeds 0'53, but it should be borne in mind
that fabrication experience above this level is
limited, particularly with respect to the effects
of higher strength levels and higher alloy
contents ( as in quenched and tempered weather-
resistance grades of steel ). In this respect,

users should consult the steel maker, the
welding consumable supplier or other appro-
priate authoritative sources with regard to the
welding procedures ( see 23 ).

5.3 Requirements of these standards may be
applied to the steels in as rolled and normalized
conditions.

6 DISSIMILAR STEELS

While welding joints between dissimilar carbon
or carbon manganese steels covered by this.
standard, the welding procedure shall be that
relating to the steel having the higher carbon
equivalent unless otherwise required by the
designer.

7 WELDING CONSUMABLES
7.1 Manual Metal-Arc Welding

The electrodes used for manual metal-arc
welding shall comply with the requirements of
IS 814 :1991 or other appropriate standard.
Electrodes should be.selected having regard to
the application, that is, joint design, welding
position, current conditions and the properties.
required to meet the service conditions.

7.2 Semi-Automatic and Automatic Metal-Arc
Welding ( Covered Electrodes )

This group of processes embraces ‘gravity’ and
‘autocontact’ welding with long straight lengths
of covered electrode and open-arc welding with
a continuous covered electrode. The weld
metal produced from electrodes used with these
processes shall have mechanical properties not
less than the minimum specified for the weld
metal produced by electrodes complying with
IS 814 : 1991, except otherwise specified in the
standard for the particular application.

7.3 Submerged Arc Welding

Electrode wire shall conform to IS 7280 : 1974,
The electrode wire and flux combination shall
satisfy the requirements dictated by factors such
as the welding procedure and position and shall
comply with the appropriate sections of
IS 3613: 1974. The combination should be
selected having regard to particular application.

7.4 Gas-Shielded Processes
7.4.1 Filler Rods and Wires

When a solid metal filler rod or wire is used:
with a gas shielded process, it shall comply with
the requirements of IS 6419 : 1971 and should

be selected having regard to the particular
application.

74.1.1 Core_d electrodes, when used with
the appropriate shielding gas -or gas mixture,
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7.4.2 Shielding Gases

When a gas or gas mixture is used, it shall be

the following quality as appropriate:

a) Argon — The shall conform to

IS 5760 : 1983

S i0V . 1503,

gas

b) Carbon Dioxide — The gas shall conform

to IS 307 : 1966. Sound weldscan be
made consistently if the electrode
designed for use with carbon dioxide
contains the appropriate balance of

de-oxidizers.

.c) Gas Mixtures — The use of gas mixtures
is permissible provided they have been
proved to be satisfactory. Th's may be

as a result of procedure approval tests
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exists. When a gas mixture is used which

has specified additions, the variation of
such additions shall not exceed 10
percent of the stated.

The following are some typical gas mixtures:

a) Gas shielded tungsten arc process
1) Aronn

a7 Il

2) Argon + Helium

b) Gas shield metal arc welding

1) Argon + 3 to S percent oxygen
2) Argon + 1to 2 percent oxygen
Carhon

electrodes
4+ 20

de- nxrdwmo

Arcon
ATgon

dioxide

carbon dioxide
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+ 5 percent oxygen using de-oxidizing
electrodes

Carbon dioxide + 20 percent oxygen
78 nercent
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7.5 Unshielded Semi-Automatic Arc Welding

Blectrodes for this process are generally of the

cored type and shail dep051t weld metal with
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specified as satisfactory for the particular grade
of steel being welded. Exceptions may be
allowed if specified in the particular application
standard being used.

“7.6 Hydrogen Levels

When hydrogen controlled welding consumables
are to be used the contractor shall be able to

e manner recommended by the consumables
manufacturer and that the cosumables have
been dried or baked to the appropriate
temperature levels and times.

7.7 Storage and Handling
7.17.1 General

All consumables shall be stored and handled
with care and in accordance with the manufac-

turer’s recommendations. Electrodes, filler
wires and rods and fluxes that show signs of
Aamaooa aAr Astariaratinn chall a+mAt ha s1cad
uuxuuév v UL Lvliviarivlg Qi1asl UL v AL,

Examples of damage or deterioration include
cracked or flaked coatings on covered electrodes,
rusty or dirty electrode wires and wires with
flaked or damaged copper coatings.

7.7.2 Covered Electrodes

Electrodes shall be stored in their original
packets or cartons in a dry and well ventilated,
preferably under heated conditions where
relative humidity ( RH ) shall be less than the

avtarnal conditiong { nrafarrad DIT a6 aner~wi
CXidrnai Conaiudns \ preierrcd n 18 ayyu.uu-

mately less than 50 percent). Use of racks,
pallets or other suitable means to store
electrodes off the floor is recommended. The
ideal storage temperature is about 10-15°C
above the ambient temperature. When special
protection or other treatment during storage or
immediately prior to use is recommended by the
manufacturers of the electrodes, they shall be
treated in accordance with the recommendations
of the mauufacturers ( see 3.1 of IS 13851 :
1993 ).

7.7.2.1 In order to ensure that the weld metal
deposited by hydrogen controlled electrodes falls
within the limits of the appropriate carbon equi-
valent scale besides the weld metal soundness,
these electrodes shall be redried at 360°C for an
hour or as recommended by the manufacturers
( see 6 of IS 13851 : 1993 ).

7.71.2.2 After removal from the drying oven,
the electrodes shail be protected from exposure
to conditions conductive to moisture absorption,

nrgfernhlv hv hmnc kept in o heated secondarv
...... kept heated secondary

oven, if the lowest hydrogen levels are desited.
All unused electrodes shall be returned to the
storage so that they are not exposed to un-
heated and possible damp working area where

thay fan ragain maigtiira see & ~AfI1Q 17Q<€1 .
Lu\,_y wau l&éalu 11AVIoLUL LN v vVl 1w 10001

7.7.3 Automatic and Semi-Automatic Welding

Wire or cored electrodes shalibe suitably packed
to guard.against damage, including that during

transportation. When stored, the wire - or elec-
transporiation. Vviaen storeg, the eiec-

trode should be kept in its original bundle or
package in a dry store room.
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7.71.3.1 The performance of copper coated wires
depends on the continuity and regularity of the
copper coating. Such considerations should be
the subject.of agreement between the fabricator
and the supplier of copper coated wires.

7.7.3.2 Flux shall be packed in moisture,
resistant containers and shall be protected from
damage, including that during transportation.
‘When stored,. the flux should be kept in its
original container in a dry store room.

7.7.3.3 If the composition of the flux is such
that special protection during storage or special
treatment before use is desirable details of such
special protection or treatment shall be furni-
shed by the manufacturer of flux and implemen-
ted by the fabricator. Regrinding of welding slag
to be used in admixture with fresh flux is not
recommended,

8 EQUIPMENT
8.1 Power Source

Welding power source, instruments, cables and
accessories shall comply with the requirements
of the appropriate Indian Standards where
available. The contractor shall be responsible
for ensuring that their capacity is adequate for
the welding procedure to be used and maintain-
ing all welding plant and ancillary equipment in
good working order.

'8.2 Earthing

All power sources and implements in connection
with the welding operation shall be adequately
earthed. The welding return lead from the work
shall be adequate in cross section and shall be
correctly connected and earthed.

8.2.1 The importance of proper earthing cannot
be over-stressed since incorrect earthing may
lead to lower current, lower arc voltage, over-
heating of electrode holders, defective welds,
etc.

8.3 Instrumentation

Adequate means of measuring the current shall
be available, either as part of the welding power,
source or by the provision of a portable amme-
ter.

8.31 In the cases of automatic and semi-
automatic welding, means shall be provided for
measuring the arc voltage, current and/or wire
feed speed., and the rate of flow of shielding
gases.

9 BUTT-WELD DETAILS

© 9,1 The details of all butt-welds, for example,
form of joint, angle between fusion faces and
gap between parts, shall be arranged to permit

the use of a satisfactory welding procedure and:
the combination of weld detail and welding pro-
cedure shall be such that the resultant joint will
comply with the requirements of the design
( see Annexes A,B, C and D ).

9,2 Throat Thickness

The ends of butt joints in plate shall be welded
so as to provide the full throat thickness. This
may be done by the use of extension pieces or
other means approved by the purchaser.

9.3 Weld Profile

In the as-welded condition, the weld face shall
be ground ( having some reinforcement ) of the
surface of the parent metal. Where a flush
surface is required, the excess weld metal shall
be dressed off. When no dressing is to be carried
out, the permissible weld profile shall either be
as specified in the application standard or be
subject to agreement between the purchaser and
the fabricator.

9.4 Full Penetration

Full penetration single V.U.J bevel or square
butt welds shall be completed by grinding, chip-
ping or gouging the root run from opposite side
to sound metal and then depositing a sealing run
of weld metal on the back of the joint. Where
these or other butt welds are to be welded from
one side only, suitable backing material shall be
used except where it is agreed between the
purchaser and the contractor that, by the adop-
tion of an approved special method of welding,
full penetration will be obtained without the use-
of backing material. It should be appreciated,
however, that wunder fatigue and corrosive
conditions backing material may be undesirable.

9.5 Backing Material

9.5.1 Backing material, if used, shall be of same
quality as that of parent material or as agreed to
by the purchaser.

NOTE - Care shall be taken when using copper as
a backing material as there is a risk of copper pick
up in the weld metal.

9.5.2 Where backing material is employed, the.
joint shall be arranged in such a way as to
ensure that complete fusion of the parts to be.
joined is readily obtained.

9.6 Back Gouging

In all complete penetration butt-welds, where-
these are to be welded from both sides, certain
welding procedures allow this to be done
without back gouging, but where complete pene--
tration cannot be achieved, the back of the first-
run shall be gouged out by suitable means to
clean sound metal before welding is started om

the gouged out side ( see Fig. 1).
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(i)

(b} BACK OF FIRST RUN GOUGED
OUT TO CLEAN METAL

(i igg

{¢) SECOND SIDE WELDED

Fig. | METHOD OF GOUGING OUT COMPLEIR PENETRATION BUTT-JOINTS
WELDED FrOM BOTH SIDES

10 PARTIAL PENETRATION BUTT-WELDS

10.1 A butt-weld which is designed as a partial
penetration weld shall ‘have a throat thickness
not less than specified.

10.2 An incomplete penetration butt-weld which
is welded from one side only shall not be sub-
jected to a bending moment which would cause
the root of the weld to be in tension, unless this
is allowed by the application standard.

10.3 The use of intomplete penetration - butt-
welds to resist repeating or alternating dynamic
forces should be avoided ( see Annex A ).

11 FILLET WELD DETAILS

11.1 A fillet weld, as deposited, shall be not less
than the specified dimensions which shall be
.clearly indicaied as throat thickness and/or leg
length as appropriate, taking into account the
use of deep penetration processes or partial
preparations ( see Annex D ).

{a) DESIRABLE

{b)ACCEPTABLE BECAUSE OF (o) NOT ACCEPTABLE
FULL THROAT THICKNESS

11.2 For concave fillet welds, the actual throat
thickness shall be not less than 0'7 times the
specified leg length. For convex fillet welds,
the actual throat thickness shall be not more
than 0°9 times the actual leg length.

11.3 Where the specificd leg length of a fillet
weld at the edge of a plate or section is'such
that the parent metal does not project beyond
the weld, melting of the outer corner or corners,
which reduces the throat thickness, shall not be
allowed ( see Fig. 2 ). '

NOTE — Guidance on the design of fillet welds is
given in A-2.

12 WELDS IN SLOTS

Slots that are required to be filled with weld
metals shall only be filled after the fillet weld has
been inspected and approved. When filling slots
with weld metal, care shall be taken to avoid
cracking. ’

OF REDUCED THROAT -
,THICKP?ESS o

Fi1G.2 FILLET WELDS APPLIED TO THE EDGE OF A PART
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13 PREPARATION OF JOINT FACES

13.1 If preparation or cutting of the material is
necessary, this shall be done by shearing, chipp-
ing grinding, machining, thermal cutting or
thermal gouging. Other methods shall only be
used by agreement between the contracting
parties. When shearing is used, the effect of
work hardening shall be taken to ensure that
there is no cracking of the edges.

13.2 In cases where the cut edge is not a fusion
face, the effect of embrittlement from shearing,
thermal cutting or thermal gouging shall not be
to the detriment of the performance of the fabri-
eation. As a general guide, a hardness of 350
HYV is considered to be the maximum allowable
value for a thermally cut edge that is not fully
fused into a weld.

13.3 Local hardening can be reduced by suitable
thermal treatment or removed by mechanical
means. The removal of 1 mm to 2 mm from a
cut face normally eliminates the layer of hard-
ness. When using thermal cutting, local harden-
ing can be reduced by considerable decrease in
normal cutting speed or by pre-heating before
cutting. The steel supplier should be consulted
for recommendations on achieving a reduction
in hardness.

14 FUSION FACES

J4.1 The preparation of fusion faces, angle of
bevel, root radius and root face shall be such
that the limits of accuracy required by the
appropriate application standard can be achie-
ved. When however, no appropriate application
standard exists and this standard is itself to be
used, it is recommended that, for manual weld-
ing, the tolerances on limits of gap and root
face should be 1 mm on the specified dimen-
sions for material.up to and including 12 mm
thick and 2 mm for material over 12 mm
thick. The tolerance on the included angle
between the fusion faces of a V preparation is
recommended to be +5° and for U and J
preparations + 10°. For an automatic process,

closer limits are necessary and particular requi-
rements depend on the characteristics of the
process.

14.2 It shall be ensured, if necessary, by suitable
non-destructive tests that the fusion faces and
adjacent surfaces shall be free from cracks,
notches or other irregularities which might be
the cause of defects or would interfere with the
deposition of the weld.

14.3 Fusion faces and the surrounding surfaces
shall be free from heavy scale, moisture, oil,
paint or any other substance which might affect
the quality of the weld or impede the progress
of welding. Certain proprietary protective
soatings are specially formulated with the inten-

tion that they should not interfere with welding.
The use of such coatings is not excluded by the
requirements of this clause but, shall be demon-
strated by means of specimen welds that the
coating complies with the above requirements.

15 ASSEMBLY FOR WELDING

151 Parts to be welded shall be assembled such
that the joints to be welded are easily accessible
and visible to the operator.

15.2 Jigs and manipulators should be used,
where practicable, so thatthe welding can be
carried out in the most suitable position. Jigs
shall maintain the alignment with the minimum
restraint so as to reduce the possibility of locked
in-stress.

16 ALIGNMENT OF BUTT JOINTS

The root edges or root faces of butt joints shall
not be out of alignment by more than 25 percent
of the thickness of the thinner material for
material up to and including 12 mm thick, or by
more than 3 mm for thicker material. For
certain applications and welding processes, closer
tolerances may be necessary.

17 FIT-UP OF PARTS JOINED BY FILLET
WELDS

17.1 The edges and surfaces to be joined by
fillet welds shall be in as close a contact as
possible, since any gap increases the risk of
cracking. Inno case should the gap exceed 1'5
mm ( see 11 and Annex F ).

17.2 Because of variation in the shape of sections
due to mill tolerances, and subsequent methods

of forming, deviations from the true profile are

likely to be met. When such sections are

attached to any plate or member by a fillet weld,
the fit-up at a rounded edge of a section shall

be within 1'S mm measured at a distance from

the edge not exceeding half the thickness of the
section (see Fig. 3A ). When the full throat

thickness is assumed in stress calculation and

the rolled section has a thickness ¢ greater than

12 mm, the rounded portion shall be filled with

a single pass of weld proceeds. The rounded

portion shall be filled up with a single pass of"
weld as shown in Fig. 3C.

17.3 Good workmanship as regards fit up for

fillet welds is more important than for butt

welds. It is also important with high tensile steel’
than with mild steel.

18 TACK WELDS

18.1 Tack welds shall be not less than the throat:
thickness or leg length of the root run to be
used in the joint and shall be subject to the.
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same welding conditions as those specified for
the root run. The length of the tack weld shall
not be less than four times the thickness of the
thicker part or 50 mm whichever is the smaller.

18.2 Where a tack weld is incorporated in a
welded joint, the shape, size and quality of the
tack shall be suitable for mcorporatxon in the
finished weld ( see 32 ) and it shall be free from
all cracks and other welding defects. Tack welds
which crack, shall be cut out and rewelded.

18.3 In joints welded by an automatic process
or where smaller tack welds are desired, the
conditions for deposition shall be as given
in 24,

18.4 Tack welds shall not be made at extreme
ends of joints.

19 TEMPORARY ATTACHMENTS

Welded temporary attachments should

b
far as ?ncuhlp but when used th
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welds should be remote from principal joints' as
far as practicable and shall be made in accor-
Annra with 12 anA "A
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20 PROTECTION FROM THE WEATHER

20.1 Surfaces to be welded shall be dry. When
rain or snow is falling or during periods of high
wind, necessary precautions shall be taken to
protect outdoor welding areas. Warming shall
be carried out at all ambient temperatures below
10°C and whenever there is evidence of conden-
sation taking place on the metal surfaces.

26.2 Droughts shali be prevenied from blowing
along the bores of structural hollow sections
when the bore will be penetrated during weld-

20.3 Where gas-shicided welding processes are
being used, air currents at speeds as low as
8km/h can remove the shielding gas, and, there-
fore, sufficient screening shall be used to keep

,winds and droughts away from the welding area.

Droughts shall be prevented from blowing along
structural hollow sections to be welded.

21 STRAY ARCING ON WORK

Stray arcing shall be avoided as this can leave
local hard spots or cracking which may need to
be removed by mechanical means and be checked
by inspection depending upon the application.
Removed hard spots can be made good by the
deposition of weld metal in accordance with this
standard.

Stray arcing can occur:

a) between the electrade and the work away
from the weld preparation;

b) between the electrode holder and the
work;

c) between the work and the welding earth
return lead connection;

d) between the work and any part at earth
potential;

¢) with automatic and semi-automatic weld-
ing, between: parts of the welding head or
torch ( for example loose contact tube in
MIG gun ) and the workpiece; and

f) with the TIG process, between the tungss
ten electrode and the work which can
give rise to tungsten inclusions in the
workpiece This contamination is not so

cpnnne as r\npppr r-nnfnm|nqhon l\l\t \llhnf-

| 83883383281

the inclusions are large and angular or
numerous they should be removed by
mechanical means

Items (b), (c) and (e) resuitin localized
contamination with copper. The contaminated
area may be brittle and/or cracked due to inter-

L2 L3 S A - 1 L ALY 2 P12 8 ¢
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granular penetration of copper. These areas
shall' be removed by mechanical means as
above.

Items (¢ ) and (d ) can be avoided by a firm
earth connection ( see 8.2). :

22 INTER-RUN CLEANING

Each run of weld bead shall be thoroughly
cleaned to remove particles of slag, spatters,
etc, before the subsequent bead is superimposed
during multi-pass welding. Similarly, each
layer of weld should be thoroughly cleaned of
slag, spatters, etc, before depositing subsequent
layers of weld with particular reference to
thorough cleaning of toes of the welds. Visible
defects, such as cracks, cavities and other
deposition faults, if any, shall be removed to
sound metal before depositing subsequent run
or layer of weld.

23 DETAILS OF WELDING PROCEDURE

A typical welding procedure sheet is given in
Annex E.

24 WELDING PROCEDURES TO AVOID
CRACKING

24.1 Cracking is a defect which may impair
service performance ( see 32 ). Depending upon
the particular duty of a joint, consideration
shall be given to the avoidance of the
following:

a) Hydrogen induced delayed cracking ( see
. Annex F),

b) Solidification cracking ( see Annex G),
and

¢) Lamellar tearing ( see Annex H ),

24,1.1 It is emphasized that the welding
procedure is arrived at by the adherence to the
graphs given for guidance in Annex F, coupled
with past experience and quality control
methods, if any.

25 APPROVAL AND TESTING OF
WELDING PROCEDURES

25.1 If so required by the purchaser, the
contractor  shall carry out procedure
tests in accordance with IS 7307 (Partl ):
1974 to demonstrate by means of a specimen
weld of adequate length on a steel represen-
tative of that to - be wused, that he can
make satisfactory welds with the welding
procedure to be used on the contract. The test
weld shall include weld details from the actual
construction and it shall be welded in a manner
simulating the most unfavourable instances of
fit-up, electrode condition, etc, within. the
requirements of this standard which it is anti-

cipated may occur on the particular fabrication..
Where material analysis are available, the
welding procedure test shall be carried out on
material with the highest carbon equivalent.

25.2 After welding, but before the relevant test
given in IS 7307 ( Part 1 }: 1974 are carried out,.
the test weld shall be held as long as possible at
room temperature, but in any case not less than
72 hours, and shall then be examined for
cracking. The examination procedure shall be
agreed between purchaser and contractor as
being sufficiently rigorous to be capable of
revealing significant defects in both parent metal.
and weld metal.

26 APPRQVAL AND TESTING OF.
WELDERS

The contractor shall satisfy the purchaser that
the welders are suitable for the work upon which.
they will be employed. For this purpose the
welders shall have satisfied the relevant require--
ments of IS 7318 ( Part 1 ) ; 1974." If the welders
will be working to approved welding procedures,
they shall satisfy the relevant requirements of
of IS 7310 ( Part 1 ) : 1974.

27 IDENTIFICATION

When specified by the purchaser, adequate
means of identification either by an identification
mark or other record, shall be provided to
enable each weld to be traced to the welders
by whom it was made. Attention is drawn to-
the danger of hard stamping in highly stressed
area and the designer should give guidance as to-
the location of such marks. Indentation used.
for marking in radiographic examination come:
into the same category.

28 PEENING

28.1 Peening of welds shall be carried out only
by agreement between the purchaser and the'
contractor,

28.2 If specified, peening may be employed to:
be effective on each weld layer except the first.-
Peening, to be effective, should induce some
cold work in the layer subjected to peening.
Peeningshall be avoided between the temperature
range of 250-450°C because peening in this.
range may result in loss of notch toughness.

29 REMOVAL OF TEMPORARY
ATTACHMENTS

When welded attachments used to facilitate
construction are required to be removed, this
shall be done carefully by cutting or chipping
and the surface of the material shall always be
finished smooth by grinding. The practice of
hammering off - temporary attachments is
not recommended.



‘30 SUPERVISION

It shall be the responsibility of the contractor to
.ensure that all welding is carried out in
‘accordance with the terms of this standards,
.and he shall provide all the supervision to
fulfil this requirenient.

.31 INSPECTION AND TESTING

.31.1 The method of inspection shall be in
.accordance with IS 822: 1970 and extent of
inspection and testing shall be in accordance
‘with the relevant application standard or, in the
absence of such a standard, as agreed between
the contracting parties ( see 4 ).

NOTE — Because of the risk of delayed cracking,
a period of at least 48 hours is recommended
before inspection is mude of as-welded fabrica-
tions. Whatever period is used it should be stated
in the inspzcion records.

.31.2 The purchaser or his representative shall
have access to the contractor's work at all
reasonable times, and the contractor shall
provide him with all facilities necessary for
inspection  during manufacture and on
completion.

31.3 Welds which by agreement are to be
inspected and approved shall not be painted or
.otherwise obscured until they have been
accepted.

32 QUALITY OF WELDS AND
CORRECTIONS

32.1 Quality of Welds

Welded joint shall be free from defects that
would impair the genuine service performance
.of the construction. Such acceptance require-
ments, covering both surface and sub-surface
defects, shall be as specified in the application,
standard or be the subject of agreement between
the contracting parties ( see 4 ).

32.2 Corrections of Faulty Welds

When welds do not comply with the
requirements of 32.1, the defective portions
shall be removed. They shall then be rewelded
and reinspected in accordance with this
standard. Unacceptable under cutting shall be
made good by grinding or preferably, by the
deposition of additional weld metal in
accordance with this standard. If undercutting
is blended out by grinding, care should be taken
to ensure that the design thickness of the parent
metal is not reduced.

IS 9595 : 1996

32.2.1 Defective welds (whole or portions) shall
ft‘)e”corrected either by removing, replacing or as
ollows:

a) Excessive convexity, reduced to size by
removal of excess weld metal; and

b) Shrinkage cracks, cracks in parent plate
and crater, defective portions removed
down to sound metal and rewelded.

32.2.2 Wherever corrections necessitate the
deposition of additional weld metal, an electrode
or welding rod of a size not exceeding 4 mm
may be used.

32.2.3 A crack shall be removed throughout its
length and depth. To ensure that the whole of
the crack is removed, visual or magnetic

.inspection or any other equally positive means

may be used and material beyond 10' to 25 mm
of each end of the crack preferably be removed.

32.2.4 In removing defective parts or a weld
gouging, chipping, oxygen cutting or grinding
shall not extend into the parent metal to any
substantial amount beyond the depth of weld
penetration unless cracks or other defects exist
in the parent plate, The weld or parent plate
shall not be nicked or undercut in chipping,
grinding, gouging or oxygen cutting.

32.2.5 Improperly fitted or misaligned parts may
be cut apart and rewelded. Members distorted
by the heat of welding may be straightened by
mechanical means or by the careful application
of a limited amount of heat. The temperature
of such areas shall not exceed 650°C ( dull red
heat ). Under no circumstances shall the heated
portions be quenched. The parts to be heated
for straightening shall be substantially unloaded
at the time.

33 POST WELD HEAT TREATMENT

When heat treatment of welds is specified this
shall be done in accordance with the standard
for the particular application where this exists
or shall be fully detailed, taking account of the
effect on joint properties, where there is no
such standard.

34 CLEANING AND PROTECTIVE
COATING

All welds shall be cleaned of slag and other
deposits after completion. Till the work is -
inspected and approved, painting 'shall not be
done. The surfaces to be painted shall be
c:jleaned of spatter, rust, loose scale, ojl and
irt,
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ANNEX A
( Clauses 9.1,10.3 and 11.3)

NOTES ON DESIGN ( see also Annex H )

(Typical application standards covering weld design aspects are IS 816 : 1969 and IS 1024 : 1979 )

A-1 BUTT JOINTS ( see also Annex B )

A-1.1 Butt joints between parts of unequal
cross section arranged in line will resultin a
local increase in stress in addition to the stress
concentration caused by the profile of the weld
itself. If the centre planes of the two parts
joined do not coincide, local bending also will
be induced at the joints. If the stresses induced
by these effects are unacceptable, the parts
should be shaped so as to reduce the stresses.
Examples of plain and shaped parts are shown
in Fig 4. The slope of the taper should be based
on design requirements. If no such requirement
is stated, it is recommended that the slope
should not be steeper than 1 in 4.

A-1.2 An incomplete penetration butt weld
which is welded from one side only, should not
be subjected to a bending moment about the
longitudinal axis. of the weld which would
cause the root of the weld to be in tension,
unless this is allowed by the application
standard.

A-1.3 The use of incomplete penetration butt
welds to resist repeating or alternating dynamic
forces should be avoided where possible but,
where they are used, the design stresses should
be suitable for the loading conditions.

A-1.4 Welded joints subjected to fluctuating:
loads should be designed so that the stresses.
satisfy the requirements of IS 1024 : 1979.

A-2 FILLET WELDS

A-2.1 The effective length of an open ended
fillet weld should be taken as the overall length
less twice the leg length, thereby discounting
the contribution of the stop and start positions
which are generally of reduced profile. In any
case, the effective length should not be less than
four times the leglength. Fillet welds termi-
nating at the ends or sides of parts should be
returned not less than twice the leg length of the
weld unless access of the configuration render
this impracticable. This procedure is particularly
important for fillet welds on the tension side of
parts carrying a bending load.

A-2.1.1 In fillet welded joints carrying a
compressive load, it should not be assumed
that the parts joined are in contact under the
joint. For critical applications the use of a full
penetration weld should be considered.

A-2,1.2 A single fillet weld should not be
subjected to a bending moment about the
longitudinal axis of the joint which would cause
the root of the weld to be in tension.

D TE T
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F1a. 4 BurT JOINTS OF UNEQUAL CROSS SECTION
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‘holes through one or. more of the parts being
Jjoined, the dimensions of the slot or hole should
generally comply with the following limits in
terms of the thickness of the parts in which the
:glot or hole is formed:

a) The width or diamet “!‘S oul

ho
than three times the thickne
whichever is the greater;

b) Corners at the enclosed ends of slots
oahanld ha mnAdad +h o ~nAl Py
3llUulU UU luuuucu wuu a la\.ublb Ul 110OL

less than 1°5 times the thickness or
12 mm, whichever is the greater; and

¢) The distance between the edge of the part
the edge of the slot-or hole, or between
adJacent slots or holes, should be not less
than twice the thickness and not less than

25 mm for holes. o

/A-2.1.4 Fillet welds connecting parts, the fusion

IS 9595 : 1996

Angle Between  Factor by Which Leg Length is
Fusion Faces Multiplied to Give Design

Degree Throat Thickness .

60 — 90 07

91 — 100 065

101 — 106 06

107 — 113 055

114 — 120 05
A-2.1.6 Due account should be taken of
fabrication, transport, and erection stresses

......... AWi wAAVOW  MUIMWL  VWYVIUD wulvu uave
been designed to carry only a light load during
service.

narhr-nlarly for thace Kllat walde which hava

A-2.1.7 Welded joints subjected to ﬂuct ating
es
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satisfy the requirements of IS 1024 : 1979,

A-2.1.8 Minimum sizes of fillet welds shall be as
given below to avoid cracking:

Thickness of Thicker Part  Size of Fillet Weld
Ao

“faces of which form an angle of more than 120° rz)ve; Up to an?
or less than 60°, should not be relied upon to ncluding
transmit calculated loads at the full working i e
stresses unless permitted to do so by the = o A
standard for the particular application. - 6 3
6 12 4
. . 12 18 6
A-2.1.5 The design throat thickness of a flat or 18 264 <
convex fillet weld connecting parts the fusion - e >
faces of which form an angle of between 60° 36 56 10
and 120°, may be derived by multiplying the 56 150 12
leg length by ‘the appropriate factor as follows: 150 — 16
ANNEX B

( Clauses 9.1 and A-1 )

NOTES ON BUTT WELDS ( FOR OTHER THAN STRUCTURAL HOLLOW SECTIONS )

B-1 INTRODUCTION

_ B-1.1 The recommended dimensions of the
preparation are intended primarily ' for manual
‘welding in the flat position for general types of
welded constructions. Since overhead and
vertical welding require manipulation of the
-electrode, comparatively easy access to the root
of the weld is desirable for welding in these

....... Thic abtainad by ngine a wider
PUblLlUuo 11is 18 Ooiainta Uy Wolily & vildui

angle for the weld preparation, or sometimes
by increasing the root gap. In the case of
horizontal butt welds the preparation may have
to be asymmetncal with rcspect to the horizontal
plane with a narrow bevel angle for the lower
section to be welded. When using electrodes

with a thick covering, some modification to the

root details of the weld preparation may be
necessary. For submerged arc welding, reference
may be made to IS 4353 : 1967 and IS 3613 ;
1974.

B-2 SUITABLE METHODS OF MAKING
WELD PREPARATIONS

B-2.1 Single and double V and bevel prepara-

tions mav be machined or machine flame cut.
ticns may machineg machineg flame cut

Single and double U and J preparations usually
have to be machined. The choice of a machined
or machine flame cut preparation should be at
the option of the contractor except when

aaaaa ihad vy tha mnarshacar ar amnranesiad
DPVDILIU\J UJ [ 3849 yuluuae\u vi au apl,uvl.ulau;

application standard. Methods like air-arc
gouging are’also employed wherever applicable.

11
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B-2.1.1 In assessing the merits of the two
methods of preparation ard the type of joint,
the relative costs of machining, flame cutting or
air-arc gouging and length of weld should be
taken into account.

B-3 DISTORTION

B-3.1 Where the control of distortion is
important, the following factors should be
given due considerations:

a) U and J preparation as compared
with V and bevel preparations serve
to reduce distortion by virtue of the
lesser amount of weld metal required.
Likewise, double preparations are
better than single preparations, in
that the stresses are balanced also, the
weld metal can be deposited in alternate

runs on each side of the joint. In the
control of distortion, accuracy of
preparation and fit-up of parts are

important considerations as well as a
carefully planned and controlled welding
procedure,

b) A more uniform distribution of heat can
be obtained by using back step sequence.

c) Clamping may not completely eliminate
warping but is likely to be more effective
if clamps are kept in position until the
balarcing weld sequences are completed.

d) When possible parallel joints may be
welded in opposite direction to minimize
distortion.

e) While welding thin sections to very thick
sections, use of copper backing material
may be effective in minimizing distortion.

a) Open square butt weld ( without backing )

B-4 TYPICAL FORMS OF WELD
PREPARATION

B-4.1 In the case of square butt joints a4 and b,.
the width of the gap depends mainly on the size:
and type of electrode and the gap should be
chosen accordingly.

B-4.1.1 The two joints ¢ and d are probably the
most common butt weld preparations used in
general work. A root face without a gap usually
facilitates assembly and minimizes contraction.
The production of a sound weld, with or without
gouging out of the back of the first run, is a
function of the gap, root face and the type of
electrode used. More reliable production
of sound weld, can be achieved by using back
gouging.

While the double ¥V preparation e and f usually
show a saving in weld metal. It is more difficult
in these joints to ensure full fusion at the centre
of the weld. 1f a root faceis provided for
assembly purposes and full fusion is a require-
ment, adequate gouging out of the back of the
first run is essential.

The single and double U preparation g, 4 and j
are designed to give easy access for the electrode
and to ensure good arcing conditions
particularly for the first run,

Single and double J preparations k¥ and'l/ and
single and double bevel preparations m and n:
are used where only one joint member can be
prepared. Preparations m and n are used for
lesser thicknesses and where plate edges cannot
be machined. To ensure weld soundness great
care should be exercised, especially at the roat
of the double bevel butt weld.

, Welding Thickness Gap
Weld detail position T G
mm mm
Welded from both sides Flat 3-6 3 Max
Horizontal- 3.5 3 Max
vertical or
vertical

See 14 for tolerances.
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b) Open square butt weld ( with backing )

Weld detail Welding | Thickness | Flat Position
position Tr only
Gap
G
Welded from one side with mm mm
steel backing which may be )‘9- All 3.5 6
either temporarv or perma- ; ositions 5.3 3
nent, in which case it may T p 8-16 10
be part of the structure or
an integral part of one —
member

The dimensions of the weld preperation may have to be modifieci for welding in positions othér than flat, in
which case they should be the subject of agreement between the contracting parties.

Where this preparation is used for meterial over 16 mm thick, the gap may be required to be increased.
See 14 for tolerances. See also9.4.

¢) Single V butt weld ( without backing )

Weld detail Welding | Thickness | Flat position only
position T
Gap | Angle| Root
G a | face
R
' a mm mm mm
‘Welded from both sides ) | All 5-12 2 60° 1
or one side only positions| Over 12 2 60° 2
R -G

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances. See also 9.4.

d) Single V butt weld ( with backing )

Weld detail Welding | Thickness Flat position only
position T
Gap |Angle| Root| Root
G o face | Run
R
Welded from mm. mm
one side _
with  steel All Over 6 | 45° 0 | Single
backing positions 10 10 20° 0 | Double
which may
be  either (H
temporary
or perma-
nent, in Rq © u ‘
which case 3
it may be

part of the | 3mm min 2nim max.

structure or
an integral
part of one
member

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
‘which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances. See also 9.4.
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e) Double V butt weld

Weld detail Welding | Thickness| Flat position only
position T
Gap | Angle| Root
G a face
R
mm mm mm
Welded from

{ All Over12 | 3 60° 2

both sides positions

The dimensions of the weld preparation may have to be modified for welqing in positions other than flat, in
which case they should be the subject of agreement between the contracting parties.
Sece 14 for tolerances,

f) Asymmetric double V butt weld

Weld detail Welding | Thickness Flat position only

position T ~
Gap |Angle | Angle| Root
G a 8 face
' R

mm mm mm

Welded from ‘.1 All Over 12 3 60° | 60° 2
both sides T positions

If the deeper V is welded first, and full root penetration is required, the angle 8 may be increased to 90° to
facilitate back gouging.

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances,

g) Single U butt weld

Weld detail ‘ Weldfng Thickness Flat position only
positions
Angle| Radius | Root
o r face
R
\/3\[ mm mm mm
Welded from \
both sides / 1 |An Over20 | 20° 5 5
R] ¥ T positions

The dimensions of the weld preparation may have to be modified for welding in positionis other than flat, in.
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances.
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h) Double U butt weld

| R—{ i

| 13

Weld detail Welding | Thickness Flat positicn only
position T
Angle| Radius | Root
a r face
R
: |
m mm mm mm
‘Welded from ‘
both sides X y All \ Over 40 ! 20° 5 5

positions

The dimensions of the weld preparation may have to be modified for welding in positions other than ﬂat; in
which case they should be the subject of agreement between the contracting parties.

See14 for tolerances.

j) Asymmetric double U butt weld

Weld detail Welding ' Thickness Flat position only
position T
Land |Angle! Ra- | Root
L o dius | face
r R
mm mm mm | mm
‘Welded from
both sides All Over 30 6 20° 5 5
positions
2
57

\J
k5

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
which case they should be the subject of agreement between the contracting parties,

See 14 for tolerances.

k) Single J butt weld

Weld detail Welding 1\ Thickness Flat position only
position j T : ,
. Land {Angle | Radius | Root
L o r face
| %
& mm ;mm mm mm
Welded from i |
both sides All Over20 . 5 20° - S | 5
R.l ¢ T. positions | !
t
e

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
+which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances.
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m) Double J butt weld
Weld detail Welding | Thickness Flai position only
position T
Land |Angle| Radius l Root
L a r face
R
Welded from mm mm
both sides, ya o o
R- ' All Over 40 5 20° | 5 5
T positions g
L—t
..!)‘

lding in positions other than flat, in

The dimensions of the weld preparation may have to be modified for we
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances.

n) Single bevel butt weld

Weld detail Welding | Thickness| Flat position only

position T _— .

Gap | Angle | Root

G a face

R.
- -—

mm mm

Welded from = mm

both sides R 1 All 5-12 3 45° 1
positions! Over-12 3 45° 2

N ~

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances.

R —

p) Docuble bevel butt weld
Weld detail Welding | Thickness |  Flat position only
position T
Gap | Angle | Root
G a face
R
2 mm mm mm
h o SR

1ded from All .

vgf)thesides R 4 positions| Over 12 3 45 2
) T
¢
e G

The dimensions of the weld preparation may have to be modified for welding in positions other than flat, in
which case they should be the subject of agreement between the contracting parties.

See 14 for tolerances.
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ANNEX C

( Clause 9.1)

IS 9595 : 1996

TYPICAL DETAILS FOR BUTT WELDS FOR STRUCTU..AL HOLLOW SECTIONS

NOTE — All preparations are for welding from one side only and in all positions.

a) Square butt weld ( without backing )

Weld detail Thickness Gap G
T —
Min Max
4 mm mm mm
Upto 3 0 3
b) Square butt weld ( with backing )
Weld detail Thickness Gap G Thickness of
, T backing, t
Min| Max | Min | Max
6 mm mm | mm | mm | mm
5 5 6 3 5
«¢) Single V ( without backing )
Thickness Gap G Root. face R

Weld detail
T

Min Max Min | Max

‘(’Q%?. mm

R- / ! Upto20‘ 2

mm mm mm mm

3 1 25

17
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d) Single V ( with backing )

Weld detail Thickness Gap G Reot face R ‘ Thickness of -
T backing, t
Min Max Min Max \ Min Max
80°min. (
mm mm mm mm mm mm mm
. Up to 20 5 8 1 25 ‘ 3 t 6
{ ” \ / -t |7 P | l
T | ,
- ~ ,
¢) Single V flame cut preparation ( with backing )
Weld detail Thickness Gap G ’ Roof face R l Thickness of
T backing
l = l l 53
. Max ! Min ' Max " Min Max
22'/2° 22'/2 mm mm mm mm mm mm mm
+2 /20 '/2° ’
X _ 20-30 8 10 2 3 3 10
e ‘s
' —T 1
f) Double angle V ( with backing )
i | . ] )
Weld detail Thickness | Gap G Root face Thickness of
T R backing, t
’ l Min ] Max ' Min l Max | Min | Max
am mm mm| mm | mm | mm | mm | mm
RV TR ) 'Q'm. 2% 2%
@SR — 20 8 10 2 3 3 10
\ ' and
over

18



IS 9595 : 1996

g) Single bevel ( without backing )

Weld detail Thickness Gap G Root face R
T

Min | Max | Min | Max
a2%°t2%’ mm mm | mm | mm | mm
Upto 20| 2'5 4 1 3

( ;

\
~ R
- v

h) Single bevel ( with backing )

Weld detail Thickness Gap G Root face R Thickness of
T backing, t
Min Max Min Max Min Max
Q2% x2%° mm mm mm mm mm mm mm
-—} Upto 20| 5 8 1 3 3 6
R T
t
1 T
ey

j) Siogle bevel flame cut preparation ( with backing )

Weld detail Thickness Gap G Root face R | Thickness of
T backing, t
] Min , Max Min Max | Min ’ Max
n2kt2ly mm mm mm mm mm | mm | mm
1 20-30 8 10 1 3 3 10
)
9
¢ —
1
: G

19
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k) Double angle bevel ( with backing )

Weld detail Thickness Gap G Root face R | Thickness of
T backing, t

I Min \ Maxl Min } Max | Min | Max

mm mm mm mm mm mm mm
G— mm
'Otz'o
AI2A ’ 20 8 10 1 3 3 10
and over

N
R
+
N
¥,
=

20
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ANNEX D
( Clauses 9.1 and 11.1 )

TYPICAL DETAILS FOR BRANCH CONNECTIONS FOR STRUCTURAL
HOLLOW SECTIONS

D-1 CIRCULAR STRUCTURAL HOLLOW SECTIONS : BUTT WELDS
( THICKNESS UP TO.30 mm )

“
1. A
T
=—170 2-5mm; s 1025
mm
" : u | %25 For the smaller angles
[ H 1] H full penetration is not
- intended provided there is
210 3.'“’“" Laros L2103mm 270 3mm adequate throat thickness
=90 0=30T0 90° .:""‘ 9=90° 0=30°"10 90°
DETAIL AT X “Hmina¥ DETAIL AT 2
) |
Y
T ) I
17025
min—o
2103 _E - G
L2T03mm N_
d=D \ 4<D
DETAIL AT V¥

NOTE — The angle of intersection 0 of the axes of the circular hollow sections should not be less than 30%
unless adequate efficiency of the junction has been demonstrated.
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D-2 CIRCULAR STRUCTURAL HOLLOW SECTIONS: FILLET WELDS

Leg lengths should be such that the stresses in fillet welds are in accordance with the permissible
stresses given in the relevant specification and that the welds will transmit the loads in the member.

SADDLED
BRANCH

Smm
max.
31?3'“ L For the smaller angles
full penetration is not

intended provided there is
adequate throat thickness

b

T

DETAIL AT X DETAIL AT Y DETAIL AT Z
L=LEG LENGTH

CRIMPED OR STRAIGHT
CUT BRANCH

GAP
max.

NOTE — The angle of intersection 6 of the axes of the circular hollow sections should not be less than 30°
unless adequate efficiency of the junction has been-demonstrated.
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D-3 RECTANGULAR STRUCTURAL HOLLOW SECTIONS : BUTT WELDS

X 2
Y
L J o\
170 M
25mm T T
1702:5
mm —==-  2703mm
- H N // H
! T h £ -

2 TO 3mn: - \ ' °
2,,7,%} 9=6071090"
DETAIL AT X WHERE d<D

-y
1102:5 '
mm
17T02:5mm } y
07025
T H
2 703Imm- T

2T03mml

WHERE d=D
, a<60°
DETAIL AT Y DETAIL AT Z

For the smaller angles
full penetration is not
intended provided there is
adequate throat thickness

NOTE — The ang'e of intersection 6 of the axes of the rectangular hollow section should not be less than 30°
.unless adequate effiziency of the junction has been demonstrated.
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D-4 RECTANGULAR STRUCTURAL HOLLOW SECTIONS: FILLET WELDS

For the smaller angles
: _ full penetration is not

-, intended provided there is:
Ll;.j 1 ‘L adequate throat thickness
L L-2mm max. —2mm
e >60" WHERE d <D TAIL AT 3
DETAIL AT Z

PARED SQUARE

T0 BRANCHW
— —2mm
2 max. L=LEG LENGTH
[ T 3 [
— T+ «
o<60”
WHERE d=0D
DETAIL AT X
DETAIL AT Y

NOTE — The angle of intersection 8 u1 ths axes of the rectangular hollow sections should not be less than 30%
unless adequate efficiency of the junction has been demonstrated.
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ANNEX E
( Clause 23 )

PROCEDURE SPECIFICATION SHEET FOR METAL ARC WELDING

E-1 GENERAL

E-1.0 The proc:dure specification sheet for
metal arc welding shall contain the following
information:

a) Process ( see E-1.1);

b) Parent plate ( see E-1.2 );

¢) Filler metal ( see E-1.3 );

d) Welding position ( see E-1.4);

e) Preparation of parent plate, such as joint
preparation cleaning the edges of rust,
grease, etc ( see E-1.7 );

f) Natuie of clectric current ( see E-1.8 );
g) Welding technique ( see E-1.7);

h) Cleaning ( see E-1.8 ),

j) Defects ( see E-1.9);

k) Peening ( see E-1.10 );

m) Treatment of underside of welding groove
( see E-1.11 );

n) Preheating and
{ see E-1.12);

p) Heat treatment ( see E-1.13 ); and
data sheet

interpass temperatures

q) Welding procedure ( see

E-1.14 ).
E-1.1 Process

The welding shall be done by the manual or
semi-automatic or automatic metal arc process.

E-1.2 Parent Plate

The parent plate shall conform to the specifica-
tions for (insert here reference to standard or
other code dszsignations, or give the chemical
analysis and physical properties ).

E-1.3 Filler Metal

The filler metal shall conform to Indian Standard
classification number ( see IS 814 : 1991 ).

E-1.4 Welding Position

'The welding shall be done in ( state ) the posi-
tion or positions in which the welding is to be
carried out.

E-1.5 Preparation of Parent Plate

The edges or surfaces of the parts to be joined
by welding shall be prepared by ( state whether)
sheared, machined, ground, gas cut, etc as shown
on the attached sketches and shall be cleaned
of all oil or grease and excessive amounts of
scale or rust, except that a thin coat of linseed
oil, if present, need not be remcved. ( The
sketch referred to show the arrangement of
parts to be welded with the spacing and details
of the welding groove, ifused. Such sketches
should be comprehensive and cover the full

range of material or parent plate thicknesses to
be welded. )

E-1.6 Nature of Electric Current

The current used shall be { state whether) direct
or aliernating, and if alternating give the OCV.
The parent plate shall be connected to the
positive or negative pole.

E-1.7 Welding Technique

The welding technique, electrode sizes, and
mean voltage and currents for each electrode
shall be substantially as shown on the attachcd
sketches. ( The sketches referred to may be
the same as mentioned under ‘Preparation
of Parcnt Plate’ or may be separate sketches.
They should show for the minimum thick-
ness and for several intermediate thickne-ses
of parent plate, the welding technique to
be used, whether weaving or beading, the
number of layers or passes and diameter of
electrode with the mean voltage and current for
each layer of pass, and in the case of vertical
welds, the progression of each pass, whether
upward or dowaword. )

E-1.8 Cleaning

All slag or flux remaining on any bead of weld- .
ing shall be removed before laying down the
next successive bead.

E-1.9 Defects

Any crack or other welding defects that appear
on the surface of any bead of -welding shall be
removed by chipping, grinding or gas gouging
before depositing the next successive bead of
welding.

25
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E-1.10 Peening

If peening is to be used, it shall be incorporated
as part of the specification, a description being
given of the degree of peening to be done.

E-1.11 Treatment of Underside of Welding
Groove

The method of preparing the under or second
side of & groove for welding on that side should
be stated in this paragraph.

E-1.12 Preheating and Interpass Temperatures

This paragraph should describe any preheating

that should be done.

E-1.13 Heat Treatment

This paragraph should describe any heat treat-
ment or stress relieving that is given to the
welded parts after welding.

E-1.14 Welding Procedare Data Sheet

For uniformity of record a recommended form-:
of Manufacturer’s Welding Procedure Data
Sheet is given below:

TYPICAL WELDING PROCEDURE DATA SHEET

Specification No. Date —

Manual

Welding Process

or Machine

Material Specification : Grade
of IS : Batch/Cast No.

Thickness. (if pipe, diameter and wall thick-
ness )

Filler Metal Specification
Weld Metal Analysis

FLUX OR SHIELDING GAS

Flux Trade Name or Composition

Inert Gas-Composition

Trade Name Flow Rate
Is Backing Strip Used

Preheat Temperature Range

Interpass Temperature Range

Postheat Treatment

Welding Engineer
( Inspecting Authority )

26

WELDING PROCEDURE
Single or Multiple Pass

Single or Multiple Arc

Welding Position(s)

FOR INFORMATION ONLY
Electrode/Filler Wire Diameter
Trade Name

Type of Backing
Forehand or Backhand

WELDING TECHNIQUES

Joint Details

Amps Volts

Electrode Consumed ( cm/m )

Current Polarity

Size of Reinforcement

Whether Removed

Inspection and Test Schedules
Signature

For and on Behalf of Manufacturer
Date
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ANNEX F

( Clauses 7.7.2.1, 17.

1, 24.1 and 24.1.1)

AVOIDANCE OF HYDROGEN CRACKING

F-1 GENERAL

F-1.1 If the cooling rate associated with welding
is too rapid, excessive hardening may occur in
the heat affected zone. This may be unaccept-
able in it self, but if sufficient’ hydrogen is
present in the weld, the hardened zone may
crack spontaneously under the influence of

residual stress after the weld has cooled to near

ambhient temnerature The acecurrence nf crack.
QINUVICGL WL poidtulv,. 4 11C OLCulicnce Lracs

ing depends on a number of factors: the
composition of steel, the welding procedure,
welding consumables and the stress involved.
Welding conditions can be selected to avoid
cracking which ensure that the heat affected
zone cools sufficiently slowly, by control of
weld run dimensions in relation to material
thickness and if necessary by applying pre-heat
and - controlling interpass temperature The
nyurugen mput io IHC WClU can DC COﬁLfOHC(‘ Uy
using hydrogen controlled welding processes
and consumables.

F-1.1.1 In giving general welding procedures
based on ladie analysis and appropriate to a wide
range of practical conditions, realistic conditions
have been assumed in order to establish the
procedures detailed in this appendix, and these
are recommended except when alternative
procedures have been demonstrated as satis-
factory either by experience or test.

F-2 CONDITIONS FOR AVOIDING
HYDROGEN CRACKING

Welding conditions for avoiding hydrogen
cracking in carbon manganese sieels have been
drawn up in graphical form in Fig. Sa to 5n for
the range of compositions, expressed as carbon
equivalent values, covered by this standard,
The conditions have been drawn up to take
account Of differences in behaviour between
different steels of the same carbon equivalent
( making allowance for scatter in hardenabitity )
and of normal variations between ladle and
product analysis. They are valid for the avoi-
dance of heat effected zone cracking in normal
welding situations, but ignore the possibility of
weld metal hydrogan cracking du

of high restraint.

F-3 CONDITIONS FOR WHICH
PROCEDURES BASED ON FIGURES 5a to

& ADE UATIN
SU ANE VALLL

atn conditiane

v LU vonuIuiviig

F-3.1 Composition : Carbon Equivalent Values

The graphs relating combined thickness, arc
energy and pre-heat requireu given in Fig. 5a

o e
L1

to 5n are provided to assist the fabricator in
selectmg optimum welding procedures. In the

hicsina ~F (11 chaoot Anta
aoser.ce o1 minn sSafli Gaia,

lent values in Table ! provide a good basis for
the deviations of welding procedures.

the carbon eaniva-
Lt Lalvun Lyuiva

Attention is drawn to the need to compare the
carbon equivalent of material delivered as

derived from the mill sheets, with that used in
mplrlmg prnrp(‘lnre from Table 1.

vy Lildiia ALV 10 2a&0:iC 1

derivine the
U\rll"lls LAl

The table refers to further simplified tables ( see
Tables 2 to 5) for manual metal-arc fillet
welding conditions. 'Where the mill sheet
carbon eqmvalcnt is higher than the value used
for deriving the welding procedure, or the joint
is not a fillet weld, or the welding process is not
manual metal-arc, or the fabricator is able to
take advantage of alower carbon equivalent
value identified from the mill sheets, reference
should be made to the appropriate graph or
graphs within Fig. 58 to 5n. Where steels of
different carbon equivalent or graph are being
joined, the higher carbon equivalent value should
be used. If, of the elements in the formula in 5
for calculating carbon equivalent, only carbon
and manganese are stated on the mill sheet, then
0.03 shall be added to the calculated vnlnp to

sidais DO aCUCoQC 1V AL LaeLialle valuld

allow for residual elements.

For carbon manganese steels of low carbon
content (less than about 010 percent) the

carhon eanivalant farmnla cnecified in 81 daes
aroon equivaitnu ormiia 5peCiudd in 3.1 GoCs.

not adequately indicate the risk of heat-affected
zone hydrogen cracking and may underestimate
it. Thus welding procedures for such steels may
require modification. In addition, welding
procedures derived from 24.1.1 may not be
adequate for avoiding weld metals hydrogen
cracking. When welding steels of low carbon
equivalent ( less than approximately 0'42 ). This
is more likely to be the case when welding thick
sections ( that is greater than about 50 mm )
and with higher yield steels. Whether or not
this canses an increased risk of heat-affected
zone cracking, the weld deposit would generally
be harder and more susceptible to cracking
itself.

Recent experience and research has indicated
AN Apvrliviive Qi Dwiel Wi 4140 fuadivaLwle
that lowering the inclusion content in the steel,

priacipally by lowering the sulphur content
(also the oxygen content ) may increase the
hardenability of the steel. From a practical
point of view this effect may result in increase
in the hardness of the heat-affected zone, and
possibly a small increase in the risk of heat-
affected zone hydrogen cracking, Accurate
quant1ﬁcat10n of the effect is not presently

practicable but some increase in hardness { and
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risk of heat affected zone hydrogen cracking )
might be observed in steels with sulphur levels
less than approximately 0°008 percent.

F-3.2 Hydrogen Scales

The scale to be used in Fig. 52 to 5n will
depend principally on the weld deposit diffusi-

recommendations, when-sampled and analyzed
to IS 814 :199]1 using evolution over mercury.
That standard - deals with the testing of covered
electrodes, but with slight modifications of speci-
men size it can be used to assess other consuma-
bles and welding processes. This standard
permits only the use of mercury as a collecting
fluid for diffusible hydrogen and the levels given

ble hydrogen content given by the consumables, below are based on measurements using
appropriately dried to the manufacturer’s mercury.
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F-3.2.1 Scale A should be uszd under conditions
of normal fit for consumables which give weld
deposit hydrogen contents more than 15 ml/
100 g after any appropriate drying treatment.

¥F-3.2.2 Scale B should be used under conditions

urnl rl

deposit hydrogen contents not more than 15 ml/
100 g ( but more than 10 ml/100 g ) after any
appropriate drying treatment,

of nnfmc\‘ fit fnr ronennmahlac which nnrnn
of normal it for CUILISUIIGUIVS yiliVil giv e

F-3.2.3 Scale C should be used unds=r conditions
of normal fit for consumables which give weld
deposit hydrogen contents not more than 10 ml/
100 g (but more than 5 ml/100 g ) after any
appropriate drying treatmeat. Scale C should
also be used under conditions of close fit for
consumables otherwise defined for Scale B.

F.3.2.4 Scale D should be used under conditions
of normal fit for consumables which give weld
deposit hydrogen contents not more than 5 ml/
100 g after any appropriate drying treatment.

F-3 2.5 Covered electrodes in CIasses El — —,
EL_" 1 EJ T .D“f_" T DJ——, aud
E9 — — should be used with Scale A, unless
otherwise assessed.

F-3.2.6 Covered electrodes in Classes E6 — —
( including E6 — — H and E6 — — HJ ) unless
otherwise assessed should be used with Scale B.

¥-3.2.7 Solid electrode wire for gas-shielded arc
welding should be used with Scale C unless
otherwise assessed.

F-3.2.8 The scale should be used also with other
suitably assessed consumables after appropriate
drying treatments, by the
manufacturer.

aa vecommoended
as Illuilniviiaca

F-3.2.9 TIG welding should be used with Scale D
similarly with other suitably assessed consu-
mables after drying or other treatments, for
example, clean solid electrode wires for gas-

shielded arc welding, and some E6 — — covered
shieiced ng,

electrodes after drying at temperatures recom-
mended by the manufactucer. It should be
noted that on occassions these temperatures
could exceed 400°C.

F-3.2.10 Submerged arc welding, flux cored wire
welding and continuous covered wire welding
consumables can have hydrogen levels corres-
ponding tc any of the Scales A to D and,
therefore, need assessing in the case of each

named product.
F-3.3 Pre-Heating
This is the temperature of the parent material

immediately before weldmg commences. 1t is
assumed to be iocally applied and measured for

(95
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at least 75 mm on each side of the weld line. If
possible the temperature should be measured on
the face opposite to that being heated. Alterna-
trvely, if there ls access to only one face the
ﬂCdl source bIIUUlU U\, removed 1o dllUW lOl'
temperature equalization ( 1 minute for each 25
mm of piate thickness ) before- m=asuring. The
pre-heat temperature will also be the minimum
interpass temperature in the case of multi-run
welds, except where advantage can be taken of
using filling runs larger than the root run.

F-3.4 Combined Thickness ( see Fig. 6)

This is the sum of the plate thicknesses averaged
over a distance of 75 mm from the weld line.
If the thickness increases greatly just beyond 75
mm from the weld line it may be necessary to

se a hicher combined thickness value
thick value.

11
wiv & Alignsd combingea uvss

F-3.5 Fit Up

Fit-up in fillet welds is defined as ‘normal’ in
this context when the root gap is 1.5 mm and
when the root gap is 0.4 mm or less, the fit is
referred to as ‘close’.

NOTE — It may be necessary for reasons other
than the avoidance of hydrogen cracking to limit
fillet weld root gaps to maximum values somewhat
less than 3 mm.

F-3.6 Arc Energy

Arc energy values given in this Appendix are
relevant to manual metal-arc Welding with

AAAAAAA PRy

bUVCICU Clell OUCD uslug a.c. auu U C. pUblUVU

Arc energy (kl/mm )
Arc voltage X W 1ding current % 1
Weldmg speed ( mm/s ) 1 000

F-3.6.1 An appropriated factor shall be applied
for processes other than manual metal arc
welding with covered electrodes.

F-3.6.1.1 For guidance in using other welding
process, the arc energy values calculated from
this formula should be divided by the following
factors to give the values to be used in Fig. 5:

Submerged arc welding ( single wire ) 0'8
TIG Welding
MIG/MAG weldmg ( solid, cored or

BCll bulClUCu Wire }

12

i

1o

NOTE — It may be necessary in some apphcatlons :
to limit enclrgy input values either to avoid solidi-
fication cracking or to achieve toughness. This
should be established by weldmg pror:edure tests

b ofn ida latlal
wuclc Dﬂllbla\vlul] CVIUULI\-U IB llUl avdllﬂ Ulc
F-3.7 Weld Run Dimensions

Weldmg condmons in Fig. 5a to 5n

in terms of arc energy

are specified
These values may be

~1
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F1G. 6 ExaMpPLES OF COMBINED THICKNESS

converted in terms of electrode size, weld run
length and run out ratio by Tables 9A to 9C.

Where minimum fillet leg lengths are specified,
Table 10 should be wused to obtain the
appropriate arc energy values.

F-3.8 Restraint

Restraint is that appropriate to normal
situations, not for extreme cases such as for
filling holes or slots.

F-4 RELAXATIONS

F-4.1 If some of the factors involved are more
favourable than those enumerated in F-3.3,
alternative procedures may be used provided
they have been proved as satisfactory either by
experience or tests. Guidance on some dspects
is given below.

F-4,1.1 General Pre-heating

If the whole component, or a width more than
twice that stated in F-3.3, is pre-heated it is
generally possible to reduce the pre-heating
temperature by as much as 50°C.

F-4.2 Limited Heat Sink
If the heat sink is limited in one or morg

directions ( for example, when shortest heat
path is < 10 X leglength ), especially in the

38

thicker plate ( for example, when fillet welding
a narrow flange to the web of a girder) it is
possible to reduce pre-heating levels.

F-4.3 Austenitic Stainless Steel Electrodes
In some circumstances where sufficient pre~

heating to ensure crack free welds is
impracticable, an advantage may be gained by

using certain austenitic electrodes. In such
cases, pre-heating may be reduced or
eliminated.

F-5 EXAMPLE FOR USING THIS
ANNEXURE

Step I — Decide carbon equivalent values using
Table 1 and F-3.1. Assume a steel of carbon
equivalent value 0.45.

Step 2 — Decide provisionally on welding
process and consumables. Classify as A, B, C
or D using F.-3.2 to determine which carbon
equivalent scale to use.

Assume manual metal-arc welding using
electrodés conforming to IS 814 : 1991 and that
weld hydrogen level is appropriate to Scale B.

Step 3 — Decide whether fillet or butt-weld and
refer to Table 1.

Assume f{illet weld.
Table 1 refers to Table 6.



Step 4 — Decide minimum specified individual
fillet leg length required by design drawing.

Table 6, Scale B, 5 mm leglength now
rcqu1reb Dle D

Q!pn 5 — Decide combined thick

Cwiul Lol | 583163 .4

wclded with single run fillet of 5

ness
mm |
Refer to F-3.4.

Assume calculated combined thickness of 70

mm.
Step 6 — Return to Table 6 and read off ‘u e
minimum pre-heat required; Scale B,5m

fillet of 70 mm combined thickness requires nre-
heating to 100°C.

Step 7 — Tables 6 and 10 give arc energy values
(see F-3.6) correspondmg to the 5 mm fillet

using the particular cwutTOuc, chosen { 1I'7 kJ/

mm ). Tables 9A, 9B and 9C give the electrodes
size and run out conditions which correspond.

Thus Table 9B oﬁ’ers a ch01ce of electrode 51ze
and run from of ele
ranging;

C 5 JU uuu Oi €1 \rt

From 32 mm diameter and 145 mm run
length to 8 mm diamenter and 910 mm run

lanoth
length.
Practical considerations would probably
limit this to a maximum diameter of 5 mm

electrode and corresponding
of 355 mm.

run length

Variation at Step 3:

Step A — Assume butt weld
Table 1 refers to Fig. Sa, Se, Sg and 5h.

xIr isulc Js ;B
equivalent and scal

[¢]

Step B — Decide minimum run dimensions to
be used in making butt weld.

This will most often be the root run.

W

IS 9595 : 1996

Assume 4 mm electrode to be run out in about
320 mm of run length.

Refer to Table 9B. This gives minimum arc
energy for individual runs forming the butt weld

nf' 21/ mm

l.v.l\JILLlJAl
Step C — Decide combined thickness of butt
joint, referring to F-3.4. Assuine calculated
combined thickness of 50 mm.

Step D — Returnto Fig. 5g and plot coordinates

of 1.2 kJ/mm arc energy and 50 mm combined
thickness.

Read off minimum pre-heating and interpass
temperature (hv interpolation, if necessary, or

by readmg the pre- -heat line lmmedlately above
orto the left of the co-ordinated point ) which in
the present example is 100°C.

Variation at either-Step 7 or Step D.
in the event that pre-heat is

undesirabie,
proceed as follows:

Step W — Re

MinimMiitMm arns
ILARIIIIIAUAAAL QI

normally ).

determine

-examine Fig. 5g to
an “heat £ 20°C line
\ eV N ALl

aray faor
~ i Al u

Ley

nn
i

nr

vl Ui O j o €-

For filiet example : 2°2 kJ/mm

For butt exampte : 1'6 kJ/mm

Step X — If by refererce to Table 9B these arc
energies are practically tfeasible, proceed using
electrode diameter and run length chosen from

T 11

Tabie 9B.

If not feasible, proceed to Step Y.

Step Y — Using Table 6 for the fillet example of
Fig. 5a and 5e for weld example, examine the
feasibility of using lower hydrogen levels ( by

th of hi 1
the use of higher electrode drying temperatures

or change of consumables ) ( see F-3.2) to avoid

the need for pre-heat at acceptable arc energy
levels.

0



Table 1 References to Tables and Figures to be Used for Different
Carbon Equivalent Values

( Clauses F-3.1 and F-5)

Quality of
Specification

(1
IS 2062 : 1992

IS 8500 : 1991

IS 2062 : 1992

IS 8500 : 1991
1S 2062 : 1992

IS 8500 : 1991

TS 8500 : 1991

S 8500 : 1991

NOTES

1 If the amount of residual elemeats is not known, a value of 0-03 should be added to the C +

Steel Grade Carbon Manual Metal- Other Processes,
Equivalent Arc Fillet Welds: or Consumables,
Value Refer to Table No. or Joints Other
Glven Below Than Fillet Welds
Refer to Figure No.
Given Below
) 3) @ (&)
Fe 410 WC 039 3 5a and Sc
Fe 440 ) ’
0-40 3 5a, Sband 5d
Fe 440B )
Fe 410WB 0-41 4 5b, 5c and Se
Fe 490 )
Fe 490B > 042 5 5d and 5f
Fe 410 WA )
— 0-43 5 5S¢, Se and 5g
Fe 540 1 )
> 044 6 5d and 5f
Fe 540B )
— 045 6 5a, Se, 5g and 5h
Fe 570 3
+ 046 7 5b and 5f
Fe 576B )
Fe 590 1
¥ 048 7 5¢
Fe 590B J
—_ 0-50 - 8 5e

For Higher or
Lower Carbon
Equivalent
Values Observed
From Mill Sheet

(6)

Select graph from
Figures 5a to 5n
according to
carbon equivalent
and scale
( see F-3-2)

Mn value
6 alu

to obtain the equivalent, except in the case of steel from a known supply of low residual element content.

2 The carbon equivalent values for grades of steel covered in IS 8500 : 1991 and IS 2062 : 1992 are
recommended values.
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Table 2 Simplified Conditions for Fillet Welds in Steel with a Maximum Carbon
Equivalent of 0°38 Using Manual Metal-Arc Welding Electrodes

( Clause F-3.1)

Hydrogen Specified Minimum Minimum Pre-heating Temperature for Welding Plates of following
Potental Minimum Arc Comblned Thicknessess
Scalei Leg Energy!} - —_— \
Leangth™ 20 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm  mml limited™
mm kJjmm °C °C °C °C °C °C °C °C °C
1) 2) 3 Q) (5) ()] Q) ® 9 (100 «an a2
Scale A 4 10 0 0 0 50 50 75 100 100 100
s 14 0 0 0 0 0 0 20 50 50
6 20 0 0 0 0 0 0 0 0 0
8 28 0 0 0 0 0 0 0 0 0
10 38 0 0 0 0 1] 0 0 0 0
Scale Bor D 4 13 0 0 0 0 0 0 0 0 0
5 17 0 0 0 0 0 0 0 0 0
6 2:2 0 0 0 0 0 0 0 0 0
8 34 0 0 0 0 0 0 0 0 o
10 50 0 0 0 0 0 0 0 0 0

1} For individual run.

%) In situations of high restraint, a hxgher pre-heating temperature may nevertheless be necessary to avoid
weld metal hydrogen cracking.

Table 3 Simplified Conditions for Fillet Welds in Steel baving Maximum Carbon
Equivalent-of 0°'40 Using Manual Metal-Arc Welding Electrodes

(Clause F-3.1)

Hydrogen Specified Minimum Minimum Pre-heating Temperature for Welding Plates of following
Potential Minimum arc Combined Thicknessess
Scale Leg Energy? ~—— A ———
Leangth®) 20 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm mm limited?)
mm kJ/mm °C °C °C °C °C °C °C °C. °C
-(1) ) Q) “ 3 (6) ) ®) 9 (10) an Q2
Scale A 4 10 0 0 0 50 100 125 125 125 125
5 14 0 0 0 0 20 75 100 100 100
6 20 0 0 0 0 0 0 20 50 50
8 2'8 0 0 0 0 0 0 0 0 0
10 3-8 0 0 0 0 0 0 0 0 1)
Scale B 4 13 0 0 0 0 0 20 50 50 50
5 17 0 0 0 0 0 0 0 0 0
6 2.2 0 0 0 0 0 0 -0 0 0
8 34 0 0 0 0 0 0 0 0 0
10 50 0 -0 0 0 0 0 0 0 0
Scale C 4 13 0 0 0 0 0 0 0 0 0
S 1*7 0 0 0 0 0 0 0 0 0
6 22 0 0 0 0 0 0 0 0 0
8 34 0 0 0 0 0 0 0 0 (1]
10 50 0 0 0 0 0 0 0 0 0

1) For individual run.

) In situations of high restraint & higher pre-heating temperature may neverthless be necessary to avoid weld
metal hydrogen cracking.

41



1S 9595 : 1996

Table 4 Simplified Conditions for Fillet Welds in Steel Having Maximum Carbon

Equivalent of 0°'41 Manual Metal-Arc Welding Electrodes

( Clause F-3.1)

Hydrogen Specified Minimum
Potential Minimum Arc
Scale _Leg Energy!)
Length?)
mm kJ/mm
ey ) 3)
Scaie A 4 10
5 1°4
6 20
8 28
10 . 3-8
Scale B 4 13
5 1-7
6 22
8 34
10 50
Scale C 4 13
5 17
6 22
8 34
10 50
Scale D 4 1-3
5 1-7
6 22
8 34
10 50

.1\ For individual run.

Minimum Pre-heating Temperature for Welding Plates of Following

Combined Thicknessess

A

‘ 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm mm limited™
°C °C °C °C °C °C °C °C °C
“4) ) (6) ) (®) ) (10) (11) (12)
0 50 100 125 125 125 125 125 125
0 0 0 0 50 100 100 125 125
()} ()} 0 0 50 75 160
0 0 0 0 ()} () 0
0 0 0 0 () (i} 0 0
0 0 0 0 20 50 75 100 100
0 0 0 0 0 0 20 50 50

o (] 0 0 0 0 0

0 0 0 0 (] 0 0
o 0 (i} 0 0 0 0

0 0 0 0 0 20 50 50 50
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
() 0 0 0 0 0 0 0 0
(] ] (] 0 0 0 (i} 0 0
] 0 () 0 0 0 0 0 0
0 (i} 0 () (] 0 ()} 0 (]
0 0 0 0 0 0 0 0 0
0 0 0 (] (i} 0 (i} 0 0
0 0 0 0 0 (i 0 0 0

%) In situations of high restraint a higher pre-heating temperature may nevertheless be necessary to avoid

weld metal hydrogen cracking.

a2
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“Table 5 Simplified Conditions for Fillet Welds in Steel Having Maximam Carbon
Equivalent of 0°43 Manual Metal-Arc Welding Electrodes

{ Clause F-3.1)

‘Hydrogen Specified Minimum Minimum Pre-heating Temperature for Welding Plates of Following
Potential  Minimum  Arc Combined Thicknesses
Scale Leg Energy') . —_ A -
Lengtht» 20 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm mm limited*)
mm kJ/mm °C °C °C °C °C °C °C °C °C
(1) €3] 3 (G &) (6) Q] ®) (&) (10) 1n (12)
Scale A 4 1-0 0 20 100 125 125 150 150 150 150
1-4 0 0 0 75 100 125 125 150 150
2:0 0 0 0 0 20 75 100 100 125
23 0 0 0 0 0 0 50 50
10 3-8 0 0 0 0 0 0 0 0 o
Scale B 4 1-3 0 0 0 20 75 100 125 125 125
S 17 0 0 0 0 0 50 75 100 100
6 22 0 0 0 0 0 50 75
8 34 0 0 0 0 0
10 5-0 0 0 0 0 0 0
Scale C 4 13 0 0 0 0 20 50 75 100 100
5 147 0 0 0 0 0 0 20 50 50
6 22 0 0 0 0 0 0
8 34 0 0 0 0 0 0 0 0
10 540 0 0 0 0 0 0 0 0 0
Scale D 4 13 0 0 -0 0 0 0 0 0 0
5 17 0 0 0 0 0 0 0 0 0
6 22 0 0 0 0 0 0 0 0 0
8 34 ] 0 0 0 0 0 0 0 0
10 50 0 0 0 0 0 0 0 0 0

1y ‘For individual run.

1) In situations of high restraint a hi

h gher pre-heating temperature may neverthe i
mheta] bydsopen rami g pet y heless be necessary to avoid weld

43
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Equivalent of 0°'45 Manual Metal-Arc Welding Electrodes

( Clause F-3.1 )

Table 6 Simplified Conditions-for Fillet Welds in Steel Having Maximum Carbon

Hydroglen

PU!E“IIII
Scale

~
—
—

Scale A

Scals B

Scale C

Scale D

Specified Minimum

L U
iviimmuin

Leg
Length)

-
(=

[ - PP

[- I~ Y R

p—
o

&

© o W

10

A
Nnre

Energy\

k]/mm

7\
wJ

1-0
1-4
2:0
2:8

2R
-'o

13

17
22
34
50

13
17
22
34
50

"} For individual run.

i3 Tn situations of high restraint a hi
weld metal hydrogen cracking.

Minimum Pre-heating Temperature for Welding Plates of Following

2 30 40
mm mm mm
°C °C °C
W & ®
()} 75 125
0 0 50
0 () 0
0 0 0
0 0 0
0 20 20
0 0 0
o 0 o
0 0 0
()} 0 )
()} 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 ()}
0 0 0
0 ()} 0
0 ()} 0
0 0 )

Cambirid Thicknesses
S0 6 70 80
mm mm mm mm
eC ‘¢ sC °C
m ® ®
125 150 150 175
100 125 125 150
0 75 100 125
0 0 0 50
0 0 0 o
75 100 125 125
75 75 100 125
) o 20 75
0 0 0 0
0 0 0 0
20 75 100 125
0 0 50 75
0 0 0 20
0 0 0 0
0 0 0
0 ) 0 0
o o 0 o
0 0 0 o
0 0 0 0
0 0 0 0

0 i
mm lmiiear)
°C *C
an a2
175 175
150 150
125 150
100 125
0 ]
130 150
125 125
100 125
0 0
0 0
125 125
100 100
S0 75
0 o
0 0
0 0
0 0
0 0
0 0
0 0

FiS
P

al

gher pre-heating temperature may. nevertheless be necessary to -avoid



IS 9595 : 1996

Table 7 Simplified Conditions for Fillet Welds in Steel Having Maximum Carbon
Equivalent of 0°'48 Manual Metal-Arc Welding Electrodes

( Clause F-3.1)

Hydrogen Specified Minimum Minimum Pre-heating Temperature for Welding Plates of Following
Potential Minimum Are Combined Thicknesses
Scale Leg Energy!) - A -
Length) 20 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm mm limited®
mm kJ/mm °C °C °C °C °C °C oC °C °C
¢)) ) (3) “) %) (6 N 8 &) (10) an (12)
Scale A 4 1-0 20 100 125 150 175 175 175 175 . 175
' 14 0 20 100 125 125 150 150 175 175
20 0 75 100 125 125 150 150
8 28 0 20 .75 100 125 150
10 3-8 0 0 0 0 20 75 100
Scale B 4 1-3 0 20 75 125 125 . 150 150 150 175
5 1-7 0 0. 20 75 100 125 125 150 150
6 22 0 0 0 0 50 100 125 125 150
8 34 0 0 0 0 0 0 20 50 75
10 50 0 0 0 0 0 0 0 0 20
Scale C 4 1-3 0 0 50 100 100 125 125 150 150
5 17 0 0 0 50 75 100 125 125 125
6 2.2 0 0 0 20 50 100 100 ‘125
8 34 0 0 0 0 0 0 20 20
10 50 0 0 0 0 0 0 4]
Scale D 4 1-3 0 0 0 0 20 20 75 100 100+
5 17 0 0 0 0 0 0 20 50 50
6 22 0 0 0 0 0 0
8 34 0 0 0 0 0 0
10 50 0 0 0 0 0 0 0

1} For individual run.

2) In situations of high restraint a higher pre-heating temperature may nevertheless be necessary to avoid weld
metal hydrogen cracking.
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Table 8 Simplified Conditions for Fillet Welds in Steel Having Maximam Carbon
Equivalent of 0-50 Manual Metal-Arc Welding Electrodes

( Clause F-3°1)

Hydrogen Specified Minimum Minimum Pre-heating Temperature for Welding Plates of Following
Potential Minimum  Arc Combined Thicknessess '
Scale Leg Energy - A ~
Length) 20 30 40 50 60 70 80 90 Un-
mm mm mm mm mm mm mm mm limited®
mm kJ/mm °C °C °C °C °C °C °C <C °C
) (¢ Q) (4) ) 6 ) 3 %) (10) an 12)
Scale A 4 1°0 50 125 150 175 175 175 200 200 200
14 0 75 125 125 150 175 175 175 200
6 2:0 0 0 50 100 125 125 150 150 175
28 0 0 0 0 50 100 125 125 150
10 3-8 0 0 0 20 50 100 125
Scale B 4 1-3 0 50 125 125 150 150 175 175 175
5 17 0 0 50 100 125 125 150 150 175
6 22 0 0 0 50 100 125 125 150 150
8 34 0 0 0 0 50 100 125
10 5:0 0 0 0 0 0 0 0 75
Scale C 4 13 0 20 100 125 125 150 150 150 178
5 17 0 0 20 75 100 125 125 150 150
6 2:2 0 0 50 100 125 125 150
8 34 0 0 20 50 75
10 50 0 0 0 0 0 20
Scale D 4 13 0 0 0 20 75 00 100 125 125
5 1-7 0 0 0 0 0 50 75 100 100
6 22 0 0 0 0 0 0 50 75
8 34 0 0 0 0 0 0
10 50 0 0 0 0 o 0 0

1) For individual run.

2} In situations of high restraint a higher pre-heating temperature may nevertheless be necessary to avoid weld
metal hydrogen cracking.
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Table 9A Electrode Run Lengths for Different Arc Energies, Manual Electrodes

Whose Coating Contain Little or No Iron Powder: IS 814, Classes E1 — —, E2 — —, E6

( Clauses F-3'7 and F-5)

Arc Energy, kJ/mm €6 08 10 12 1-4 16 1-8 2-0 22 25 30 35 40 45 50 55 60
Run length, mm, from  2'5 220 165 130 110 95 — — — — — — — — — — - = = = -
410 mmofa 450 = 32 355 270 215 180 150 135 120 105 95 85 — — — — —_ - —_ - —- -
mm electrode of 4 550 415 330 275 235 205 185 165 150 130 110 95 80 — —_ —_ —_— = = -

diameter, mm:

5 870 650 520 435 370 325 290 260 235 205 175 150 130 115 105 95 8 — — -
6 — 940 750 625 535 470 415 375 3490 300 250 215 185 165 150 135 125 115 105 95
63 — 1040 830 690 590 520 460 415 375 330 275 235 205 185 165 150 135 125 115 105
8 — — — 1110 955 840 745 670 610 535 445 380 335 295 265 245 225 205 190 165
10 — — - — - — 1160 1040 950 835 695 595 520 465 415 280 356 320 300 260
Run out ratio for 25 c53 040 032 027 023 — — —_ _ — —_— — — —_ — —_ — —_— - =
clectrode of diameter, 32 087 065 052 044 037 033 029 026 024 021 — — — — — — - - - =
mm: 4 1135 101 08 067 058 050 045 040 Q37 027 027 023 020 — — — — —_ = =
5 212 159 127 106 09t 079 071 064 058 051 042 036 032 028 025 023 021 — — —
6 — 240 1:84 153 131 114 102 092 08 073 061 052 046 041 037 033 031 028 026 023
6'3 — 253 202 168 144 12 112 101 092 08l 067 058 050 045 040 037 034031 029 025
8 — — — 272 234 20 182 164 1449 139 109 094 08 073 065 05 054 050 047 041
10 - - — -— — — 2:83 231 204 170 146 128 113 102 093 085 078 0:73 04

2:55

JE61 : S656 SI
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Table 9B Electrode Run Lengths for Different Arc Energies, Mauual Electrodes

Whose Coatings Contain Little or No Iren Powder: IS 814, Classes E2 — — J,E3 — — J, and Eg — — J
( Clauses F-3'7 and F-5)
Awor Enavraov I Y/moe n-& neg 1.0 1.9 1.4 16 1-Q .0 2.9 o 174 a.n . A.n Aol 2.0 03 L.n .= S o A
AT LbDCIgY, <o/ Om V'S veo ' 1’ 2'q i3 1o ~'U o’ -~ RAY 5 Qa'v 2o Sv 29 vy L i~ iU 80
Run length, mm, 25 250 190 150 125 105 95 — — — . — — — - — — — — — —
from 410 mm of a 32 410 310 245 205 175 155 135 125 110 100 80 — —_ — — — — — —_ —
450 mm electrode of 4 640 480 385 320 275 240 2i5 190 i75 i55 i25 i10 95 85 - -- — —_ — —
diameter, mm:

5 1000 750 600 500 430 375 335 300 275 240 200 170 150 135 120 110 100 90 85 —

6 — 1090 875 730 620 545 485 435 395 350 290 250 220 195 175 160 145 135 125 108

63 — 1220 980 820 700 610 545 490 445 390 325 280 245 215 195 175 160 150 140 129

8 — - - — 1100 965 860 775 705 620 515 443 385 345 310 280 260 240 320 195

0 - - - = =  — = 1216 1100 565 5 690 605 535 485 440 405 370 345 300

Run out ratio 2:5 062 046 037 031 026 023 —_ —_ — — — — —_ - —_ — — — -— —
for electrode 32 101 076 060 050 043 038 034 030 027 024 020 ~— — — - - — - _
of diameter, mm: 4 157 1118 094 079 067 05 052 047 043 038 031 027 024 021 — @ —  — .  _  _
5 246 184 148 123 105 70‘92 082 074 067 05 049 042 037 033 0 027 025 0 21 —

6§ — 266 213 178 132 118 106 097 085 071 06l 053 047 043 039 036 633 030 027
63 — 299 240 200 171 1'50 1:33 1120 100 09 080 068 060 053 0 044 040 037 34 030

8 - —_ —_ — 270 23 210 189 172 1-51 126 108 094 084 076 069 063 058 054 047

— 295 269 236 19 168 1-47 1-31 1-18 107 098 091 084 074

9661 ¢ S656 Si
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Table 9C Electrode Run Lengths for Different Arc Energies, Manual Electrodes

Whose Coatings Contain Little or No Iron Powder: IS 814, Classes E2, — — K, E3 — — K,and E6 — — K

( Clauses F-3'7 and F-5)

40

Arc Energy, kJ/mm 06 08 10 12 14 16 18 20 22 25 30 35 45 507 §5 60 65 70 80

Run length, mm, 25 325 240 195 160 135 120 105 95 85 — —_ — — — —_— — — —_— — —

from 410 mm of a 32 530 395 315 265 225 200 175 160 145 125 105 90 — —_— —_ — — — — —

450 mm electrode of 4 830 620 495 415 355 310 275 250 225 200 165 140 125 110 100 90 80 —_ —_— —
diameter, mm:

5 — 975 780 650 555 485 430 390 355 310 260 220 195 170 155 140 130 120 110 95

6 — —  1120. 935 800 700 620 560 510 450 370 320 280 250 2235 205 185 170 160 140

63 —_ — 1230 1030 889 779 685 620 560 495 410 350 310 275 245 225 205 190 175 155

8 —_ — — —_— — 1240 1100 1000 905 800 665 570 500 445 400 360 330 305 285 250

10 — —_— — — — — - —_ — 1240 1030 390 780 050 020 565 520 480 445 390

Run out ratio 25 079 059 048 040 034 030 02 024 022 —_ — —_ — — — — — — — —

for electrode 32 1-:30 097 078 065 056 049 043 039 035 031 026 022 —_ — — — — —_— — —

of diameter, mm: 4 2:02 1-52 122 10! 087 076 067 061 055 049 040 035 030 027 024 022 02 — — —

5 — 2383 19 158 136 1-18 105 095 0386 076 063 054 048 042 038 035 032 029 027 024

6 —_ — 274 228 1-95 171 152 1.36 124 110 091 0:78 068 061 055 050 046 042 039 034

63 —_ — 301 251 2115 1-88 1-67 151 137 120 100 08 075 067 060 055 050 046 043 038

8 —_ —_ — — - 304 271 243 221 1196 162 139 122 1-08 097 088 081 075 070 0-61

10 - - —_ - —_ — — — — 304 253 217 190 169 152 138 126 117 108 095

18656 SI

9661
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Table 10 Values of Arc Energy to be Used in
Figure S for Single Run Fillet Welds

( Clauses F-3'7 and F-5 )

Minimum Arc Energy for Following Electrode
Leg Classification
Length I; — Al -
—— E6 — — E2— —K
E3 — — E6 — —J
mm kJ/mm kJ/mm kJ/mm
0y ) 3) “
-4 10 1-3 —
5 1-4 1+7 08
6 2:0 22 11
8 28 34 1-6
10 3-8 50 23
12 55 6'5 '

31

NOTE — These values

are to be used only when

the contractor is required to make fillet welds of
the specified minimum leg length tabulated below,
In other cases arc energy should be controlled by
control of elecrode run out (Tables 9A to 9C) or
directly through welding parameters.

ANNEX G
( Clause 24.1 )

GUIDANCE ON SOLIDIFICATION CRACKING

G-1 Solidification cracking of the weld metal is
usually found as centreline cracking. It is more
often found in root runs and,although frequently
open at the surface and visible after deslagging,
may be just below the surface and ' covered by
up to 0’5 mm of sound metal. Solidification
cracks can be deep and can seriously reduce the
efficiency of a joint. When welding carbon
manganese steels, this type of cracking is most
commonly found in submerged arc welds, rarely
with manual metal-arc welding but can some-
times be a problem with gas and self-shielded
processes.

G-2 Solidification cracking is associated with
impurities, particularly sulphur and phosphorus,
and is promoted by carbon picked up from the
-parent metal at high dilution levels whilst man-
ganese reduces the risk of cracking. Because
welding consumables are generally purer than
the materials being welded, impurity levels and
crack susceptibilities are usually greatest in weld
runs of high dilution, for example, root runs of
butt welds. To minimize the risk of cracking,
consumables are preferred with low carbon and
‘impurity levels and relatively high manganese
contents.

50

G-3 For submerged arc welds a formula) has
been developed in which the solidification crack
susceptibility in arbitrary units known as Units
of Crack Susceptibility ( UCS ) has been related
to the composition of the weld metal { in per-
cent (m/m )} as follows:

230C -+ 190S + 75P + 45Nb — 12°'38i —
54Mn — 1

This formula is valid for weld metal containing
the following:

C 0°082) to 0°23
S 0010 to 0'050
P 0°010 to 0'045
Si 015 to 0°65
Mn 045to 1'6
Nb 0to 007

1\See\Bailcy, N., and Jones, S.B. Solidification
cracking of ferritic steels during submerged arc
welding. The Welding Institute, 1977.

2\Contents of less than 0-08 percent 1t be taken ag
equal to-0-08 pefcent.



Alloying elements and impurities in the weld
metal up to the following limits do not exert a
marked effect on values of UCS:

0°02 percent Ti
0'03 percent Al
0'002 percent B
0°01 percent Pb
0'03 percent Co

1 percent Ni
0°5 percent Cr
0'4 percent Mo
007 percent V
0°3 percent Cu
In the above formula, values of less than 10

UCS indicate a high resistance to cracking and
above 30 a low resistance. Within these approxi-

IS 9595 1996

mate limits the risk of cracking is higher in weld
runs with a high depth/width ratio, made at
high welding speeds or where fit-up is near the
maximum allowable.

For fillet weld runs having a depth/width ratio
of about 1'0, UCS values of 20 and above indi-
cate a risk of cracking whilst for butt welds the
values of about 25 UCS are critical. Decreasing
the depth/width ratio from 1°0 to 0'8 in fillet
welds may increase the allowable UCS by about
9. However very low depth/width ratios, such
as are obtained when penetration into the root
is not achieved, also promote cracking.

ANNEX H
( Clause 24.1 and Annex 4 )
LAMELLAR TEARING

H-1 In certain types of joint, when the restraint
is high and stresses build up during the welding
of a rigid structure, lamellar tearing is likely
when welding susceptible plate material. It is
not yet ‘possible to specify plate in such a way
as to avoid material susceptible to lamellar
tearing, but when this type of cracking is possi-
ble the contractor should discuss with the
steelmaker the possibility and practicability of
carrying out additional tests on the parent
material to check that the susceptibility to lame-
llar tearing has been minimized ( see 4 ).

H.2 A suitable test is the short transverse tensile
test ( see Fig. 7) to measure the reduction in
area. This parameteg, measured on a standard
specimen diameter, has been correlated with the
incidence of lamellar tearing in different types
of fabrication,

PLATE >25mm THICK

The short transverse reduction of area ( STRA )
has been correlated with the incidence of lame-
llar tearing in different types of fabrication ( see
Fig. 8). In the case of low oxygen steels ( alumi-
nium treated or vacuum degassed types ) sulphur
content has been found to be a useful guide to
the inclusion content and thus to STRA. Figure 9
gives the likely lowest and highest values of
STRA to be expected in an aluminium treated
steel of a given sulphur content. The data are
for plate 12'5 mm to 50 mm thick but it should
be noted that the relationship of STRA (in
percent ) to sulphur content ( in percent ) is to
some extent thickness dependent. Steels giving
reduction of area values of 20 percent STRA
are considered lamellar tearing resistant and
material with guaranteed STRA are available.
These are wusually aluminium treated steels of
low sulphur content, although additions of rare
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!

PROBABLE FREEDOM FROM
TEARING IN ANY JOINT TYPE

'SOME RISK IN HIGHLY
RESTRAINED JOINTS, E.G.
NODE JOINTS, JOINTS
BETWEEN SUB-FABS

SOME RISK IN MODERATELY
RESTRAINED JOINT, E.G.
BOX COLUMNS

18

SOME RISK IN LIGHTLY
RESTRAINED T-JOINTS,

10 E.G. L-BEAMS

. F16. 8 SuGGESTED STRA VALUES APPROPRIATE TO
RisK OF LAMELLAR TEARING IN JOINTS OF DIFFERING

RESTRAINT ( VALUEs BASED ON 6.4 mm
DIAMETER SPECIMEN )

earth or calcium compounds may also be made
both to reduce the inclusion contentand to
favourably alter the inclusion shapes.

H.3 Lamellar tearing occurs predominantly in
plate material. Susceptibility depends on the
presence of non-metallic inclusions distributed
parallel to the plate surface. These inclusions
are not necessarily amenable to detection by
existing non-destructive inspection techniques.
Cracks can occur in parent plate and heat-affec-
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Fic. 9 STRA AGAINST SULPHUR CONTENT FOR
PLATES 12.5 mm To 50 mm Taick ( INCLUSIVE )

ted zones and run generally parallel to the plate
surface. The through-thickness strain needed to
cause cracking is usually higher, than can result
from the residual stresses of a single weld and
thus lamellar tearing is generally associated with
the welding of fairly large, highly restrained
structures.

H-4 Examples of the types of detail and joint
configuration in which tamellar tearing is possi-
ble are shown in Fig. 10 typical locations of
the cracks being illustrated. If the risk of tearing
is known to be high, susceptible joints and
details ( the T fillet, see Fig. 10d, is less suscep-
tible than the T butt, see Fig. 10e) should be
avoided or modified. For example, by using
set-on rather than set-through nozzles; by
chamfering the horizontal plate in Fig. 10 so
that the stress is not perpendicular to the plate;
by buttering with soft weld metal to absorb
strains in metal not susceptible to lamellar
tearing, or possibly by replacing susceptible
plate by forgings or-castings.

H-5 ‘Although lamellar tears frequently initiate
from other defects such as hydrogen cracks,
measures taken to eliminate the later may not
help to prevent tearing, In particular, the use
of a higher pre-heating temperature with a set-in
nozzle ( see Fig. 10a ) is known to be harmful.
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NOZZLE OR
PENETRATOR
FABRICATED
FROM ROLLED
PLATE

CIRCUMFERENTIAL
STIFFENER

CYLINDRICAL
VESSEL
b

a) Nozzle or penetrator through a rigid plate. d) T joint with fillet weld.
b) Stiffener or rigid end in a cylindrical fabrication. ¢) T joint with compound -butt and fillet welds.
¢) Rigid box section. f) Corner joint with butt weld.

F1G. 10 DETAILS (2 ) TO (¢ ) AND JOINT CONFIGURATION ( d ) TO (f)IN
WHICH LAMELLAR TEARING 1S POSSIBLE WHEN FABRICATING
LARGE STRUCTURES WITH A HIGH DEGREE OF RESTRAINT FROM PLATE
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