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required thickness is obtained. The edges of the specimens
may be rounded to a radius not exceeding 2 mm.

203 The following requirements are to be met:

The test results are all to comply with the requirements given
in Table J2. The position of fracture in the transverse tensile

test specimen is to be reported. The bend test specimens are
to be bent through an angle of 120° over a former having a
diameter which relates to the thickness of the test specimen
as given in Table J2. The bend test specimens can be con-
sidered as complying with the requirements if, after bend-
ing, no crack or other open defect exceeding 3 mm in
dimensions can be seen on the outer surface.

Table J1 All-weld-metal test requirements
. Tensile test Impact test
) KV, J,
Grade R, ) Rd* As, Temperature L.
: minimum, . oC minimum
N/mm Nimm minimum, % average 1)
3/111 Y42 —20 47
4/IV Y42 530—680 420 20 —40 47
5/V Y42 . —60 47
3/I11 Y46 . - —20 47
4/IV Y46 570—720 460 20 —40 47
5/V Y46 —60 47
3/111 YS0 —20 47
4/IV Y50 610—770 500 18 —40 47
5/V Y50 . —60 47
3/111 Y55 - —20 55
4/IV YS5 670—830 550 18 —40 55
S/V YS5 —60 55
3/1I1 Y62 —20 62
4/IV Y62 720—890 620 18 —40 62
5/V Y62 —60 62
3/11 Y69 ) —20 69
4/IV Y69 770940 690 - 17 —40 69
5/V Y69 -—60 69
1) For requirements regarding minimum individual values and retests, see A700 and A900, respectively.
Table J2 Butt weld test requirements
Tensile test Impact test Bend ratio
Grade v
Nl/ar;lnr;tz Temperature °C. minimlim, :{rerage DAV
3/111 Y42 -20 - 47
4/IV Y42 530-680 -40 47 4
SIV Y42 -60 47
3/111 Y46 -20 47
4/IV Y46 570-720 -40 " 47 4
5/V Y46 -60 47
3/11 Y50 -20 50 :
4/IV Y50 610-770 -40 50 4
5/V Y50 -60 50
3/11 Y55 : -20 55
4/IV YSS 670-830 . -40 55 5
5/V Y55 -60 55
3/11 Y62 : -20 62
4/IV Y62 720-890 -40 62 5
5IV Y62 -60 62
311 Y69 -20 69
4/IV Y69 770-940 -40 69 5
5/V Y69 ) -60 69
1) D = mandrel diameter, t = specimen thickness.

The chemical analysis of the deposited weld metal in each
test assembly is to be supplied by the manufacturer and is
to include the content of all significant alloying elements.

J 300 Annual tests

301 Depending on whether it concerns electrodes,
wire/flux combination or wire/gas combinations, the testing
is to be carried out according to that prescribed in B90O,
C400 or E600, respectively. The test results are, however,
to comply with the requirements given in Table J1.

K. Welding Consumables for Welding of Aus-
tenitic Stainless Steels ‘

K 100 General .

101 Approval of welding consumables for austenitic stain-
less steels will be considered subject to compliance with the
specified tests and requirements in 200 to 500.
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102 Parent plate material should preferably have a com-
position matching that of the electrode to be tested. Mild
steel plates may, however, be applied provided that the
groove faces are clad with at least two runs by the welding
consumable which is to be tested.

K 200 All-weld-metal test
201 Preparation of test assemblies:

Two all-weld-metal test assemblies are to be prepared as
shown in Fig.17, one using a 2,4—3,25 mm @ electrode and
the other uging the largest size manufactured.

For wire/gas combinations the wire size is to be 1,2 mm @& -

and the largest size manufactured.

For flux cored wire combinations the wire size is to be 1,2
or 1,6 mm O and the largest size manufactured.

For wire/flux combinations the smallest and largest size
manufactured are to be tested.

The weld metal is to be deposited in accordance with normal
welding practice. The direction of deposition is to be re-
versed between subsequent layers, each bead not being
wider than 4 times the core wire diameter and not exceeding
4 mm in thickness. Between each run, the assembly is to be
left in still air until it has cooled below 100°C, the temper-
ature being checked in the middle of the weld bead surface.

Test specimens:
Depending on the service temperature, the number of test
specimens taken according to Fig.17 are as follows:

— service temperature below —103°C; two longitudinal
tensile and three impact test specimens are to be taken.

— service temperature above —103°C; two longitudinal
tensile test specimens only are to be taken. '

The test specimens are to be prepared according to A700.

Test requirements:

The test results are all to comply with the requirements given
in Table K1. Welding consumables intended for low tem-
perature service are to be impact tested at —196°C (or other
temperatures below —103°C). The average impact value for
the three specimens is not to be less than 34J.

K 300 Chemical composition

301 Chemical analysis is to be carried out for all dimen-
sions of welding consumables manufactured. The analysis
is to be carried out as stipulated in H300 and is to be re-
ported for approval.

302 The chemical composition of .the core wire is also to
. be reported.

Test requirements:
The chemical composition of the weld metal is to be in the
range given in Table K2.
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Test assemblies (all measures in mm)

K 400 Possible additional tests

401 Normally, butt weld tests are not required. Butt weld

tests may, however, be required if a welding consumable is
to be approved for welding positions or materials for which
it is not mainly intended.

402 The manufacturer is to inform about the welding po-
sition and materials for which the welding consumable is to
be applied.

K 500 Annual tests

501 Annual testing for welding consumables which are not
intended for low temperature service, comprises chemical
analysis only. Welding consumables of two different di-
mensions are to be tested.

502 Annual testing for welding consumables which are
intended for low temperature service at —103°C or lower,
comprises impact testing at the respective temperature, in
addition to chemical analysis. Welding consumables of two
different dimensions are to be tested.
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Table K1 1)
Yield stress, Tensile strength, ,
Electrode grade minim, 2 minim o B Elo."s.'m"' As
N/mm ’ Nimm ' minimum, %
NV 308 Mo 290 550 25
NV 308 290 550 25
NV 308 L 270 520 25
NV 309 290 550 25
¥ NV309L 270 520 - 25
» NV 309 Nb 290 550 2
NV 309 Mo 290 550 25
'NV 309 MoL 270 520 25
NV 310 290 550 2
NV 310 Nb 290 550 18
NV 310 Mo 290 550 2
NV 312 350 660 16
NV 316 290 550 22
NV 316 L 270 520 2
NV 317 290 550 2
NV 317L 270 520 2
NV 318 290 550 18
NV 330 270 520 18
NV 347 290 550 2
NV 349 360 690 18
1) The values for reduction of area to be reported for information.
Table K2 D
C Mn Si P S
Electrode maxi- Cr Ni Mo Nb-Ta maxi- maxi- maxi- maxi- w
grade mum % % % % mum mum mum mum %
% % % % %
NV | o008 |18,0-21,0 [ 90-11,0 | 20-3,0 — 2,5 0% | 004 | 0,03 -
NV 308 | 0,08 |18,0—21,0| 9,0—11,0 _ — 2,5 0,9 | 0,04 0,03 —
NV308L | 0,03 |18,0-21,0| 9,0—11,0 _ = 2,5 090 | 0,04 0,03 —
NV 309 | 0,15 |22,0-250 | 12,0—14,0 = _ 2,5 090 | 0,04 0,03 -
NV39L | 0,03 |22,0-250]12,0—14,0 — — 25 0,9 | 0,04 003 | —
NV309Nb | 0,12 |22,0—25,0 | 12,0—14,0 _ 0,7—1,0 | 25 0,9 | 0,04 0,03 —
N‘;‘iog 0,12 |22,0—25,0 | 12,0—14,0 | 2,0-3,0 - 25 09 | 0,04 0,03 —
Mol | 003 |22,0-250 [ 12,0-140] 2,0-3,0 - 2,5 09 | 004 0,03 -
NV 310 | 0,20 |25,0-280|200—225 _ _ 2,5 0,75 0,04 0,03 —
NV310Nb | 0,12 |25,0—28,0 | 20,0—22,0 = 07—1,0 | 25 0,75 004 | 0,03 _
N\;dilo 0,12 |250—28,0|20,0-22,0| 2,0—-3,0 - 2,5 0,75 0,04 0,03 -
NV312 | 0,15 |280-32,0]| 80-10,5 = . 2.5 090 | 004 | 0,03 —
NV 316 | 0,08 |17,0-20,0 | 11,0—14,0 | 2,0-3.0 . 25 090 | 0,04 0,03 —
NV3I6L | 0,03 |17,0-20,0 | 11,0—14,0 | 2,0-3,0 — 2,5 09 | 0,04 | 003 _
NV 317 | 0,08 |18,0—21,0|12,0—14,0]| 3,0—4,0 — 25 09 | 0,04 0,03 —
NV317L | 0,03 |18,0-21,0] 12,0—14,0] 3,0—4,0 — 2,5 090 | 0,04 0,03 —
NV 318 | 0,08 |17,0-20,0|11,0—14,0| 2,0-3,0 | 6xC—1,0 | 2,5 090 | 0,04 0,03 —
NV 330 | 0,25 |14,0—17,0 | 33,0—37,0 _ _ 25 090 | 0,04 0,03 .
NV 347 | 0,08 |18,0—21,0| 9,0—11,0 8xC—1,0 | 25 09 | 0,04 0,03 —
NV 349 | 0,13 |18,0-21,0| 8,0—10,5 | 0,35—0,65| 0,75—1,2 | 2,5 09 | 004 | 003 |1,25-1,75

1) Chromium % minimum 1,9 x % Ni. Tantalum % maximum 0,10%. Titanium % maximum 0,15%.

DET NORSKE VERITAS




MMAGET 1996.). FE2BHIABE3IY BWITH
®K1" ,
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TEEEL _E _ME BME
N/mm'’ N/mm’ %
NV 308 Mo 290 550 25
Nv 308 290 : 550 25
Nv308L 270 520 25
NV 309 290 ' 550 25
3 NV309L 270 520 25
& NV 309Nb 290 -550 22
NV 309 Mo 290 550 25
J . NV 309 MoL 270 520 25
; NV 310 ) : 290 550 . 22
NV 310 Nb ’ 290 ' , 550 18
NV 310 Mo 1 - 290 " 550 ] 22
| NV3I12 350 660 16
NV 316 290 550 2
NV 316 L : 270 520 ' 22
NV 317 290 550 2
NV317L : 270 520 - 22
NV 318 290 550 .18
NV 330 270 . 520 - 18
NV 347 290 550 22
NV 349 360 690 : 18
1) WA ARSHEE.
xK2"Y
C Cr Ni MO Nb-Ta Mn Si P S W
waesm | BAH % ¥ % % A _AH BAH AL %
% % % % %
NV 308 0.08 180-21.0 | 9.0-11.0 2.0-3.0 - 2.5 0.90 0.04 0.03 -7
Mo )
Nv308 | 008 180210 | 9.0-11.0 - - - 25 0.90 0.04 0.03 -
Nv308L 0.03 18.0-21.0 | 9.0-11.0 - - 25 0.90 0.04 0.03 -
NV 309 0.15 220250 | 120-140 | = - - 2.5 0.90 0.04 0.03 -
NV 309L 0.03 22.0-25.0 | 12.0-140 - - 2.5 0.90 0.04 0.03 -
NV 309 Nb 012 22.0-250 | 12.0-140 - 0.7-1.0 25 0.90 0.04 0.03 -
NV 309 0.12 220250 | 12.0-140 2.0-3.0 - 25 0.90 0.04 0.03 -
Mo
NV 309 0.03 220250 | 12.0-140 | 2.0-30 - 25 0.90 0.04 0.03 -
MoL
NV 310 0.20 25.0-280 | 20.0-225 - - 2.5 0.75 0.04 0.03 -
NV 310 Nb 0.12 25.0-28.0 | 20.0-22.0 - 0.7-1.0 2.5 0.75 0.04 0.03 -
NV 310 0.12 25.0-28.0 | 20.0-22.0 2.0-3.0 - 2.5 0.75 0.04 0.03 -
Mo
NV 312 0.15 28.0-320 | 8.0-105 - - 25 . 0.90 0.04 0.03 -
NV 316 0.08 17.0-200 | 11.0-140 2.0-30 - 25 0.90 0.04 0.03 -
NV316L 0.03 17.0-200 | 11.0-140 2.03.0 - 2.5 0.90 0.04 003 -
NV 317 0.08 18.0-21.0 | 120-140 3.0-4.0 - 2.5 0.90 0.04 0.03 -
NV317L 0.03 18.0-210 | 120-140 | 3.040 - 25 090 0.04 0.03 -
NV 318 0.08 17.0-200 | 11.0-14.0 2030 6xC-1.0 25 . 0.90 0.04 0.03 -
NV 330 0.25 14.0-170 | 33.0-370 - - 25 0.90 0.04 0.03 -
NV 347 0.08 18.0-21.0 | 9.0-11.0 8xC-1.0 2.5 0.90 0.04 003 -
NV 349 0.13 18.0-21.0 | 8.0-105 | 035-065 | 07512 25 0.90 0.04 0.03 1.25-1.75
1) B%BAMEN19x% Ni. @% BRKAMN 010%. &% BN 015 %,
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L. Welding Consumables for Welding of Ferri-
tic-Austenitic Stainless Steels (Duplex Steels)

L 100 General

101 Approval of welding consumables for ferritic austeni-
tic stainless steels (duplex steels) will be considered subject
to compliance with the specified tests and requirements be-
low.

102 Parent plate material should preferably have a com-
position matching that of the electrode to be tested.
1 %

L 200 Test assemblis

201 All-weld-metal tests

Two all-weld-metal test assemblies are to be prepared as
shown in Fig.17, one using a 2,4—3,5 mm O electrode and
the other using the largest size manufactured.

For wire/gas combinations the wire size is to be 1,2mm and
the largest size manufactured.

For flux cored wire/gas combination the wire size is to be
1,2 or 1,6 mm and the largest size manufactured.

For wire/flux combinations the smallest and largest size
manufactured are to be tested.

The weld metal is to be deposited in accordance with normal
welding practice. The direction of deposition is to be re-
versed between subsequent layers, each bead being not
wider than 4 times the core wire diameter and not exceeding
4 mm in thickness. Between each run, the assembly is to be
left in still air until it has cooled below 150°C, the temper-
ature being checked in the middle of the weld bead surface.

Test specimens:
Two longitudinal tensile and three impact test specimens are
to be taken from each test assembly as shown in Fig.17.

The test specimens are to be prepared according to A700.

Test requirements:

The tensile strength, yield point and elongation are to be
reported. For information, the value for reduction of area is
also to be reported. The results of the tensile tests are not
to be less than that specified for the base material, for which
the consumable is intended.

The impact test specimens are to be tested at —20°C and
minimum average impact energy is to be 27 J for full size
test specimens.

202 Butt weld tests

Butt-weld test assemblies as shown in Fig.2 are to be pre-
pared for each welding position for which the wire is re-
commended. :

The test assemblies are to be prepared using wire or elec-
trode of one of the smaller sizes manufactured and for the
remaining runs wires or electrodes of the largest size for the
position concerned.

Test specimens:

One transverse tensile, two bend and three impact test spe-
cimens are to be taken from each test assembly as shown in
Fig.2

The test specimens are to be prepared according to A700.

Test requirements:

The result of the transverse tensile test is not to be less than
that specified for the base metal, for which the consumable
is intended.

The impact test specimens are to be tested at -20°C and
minimum average impact energy is to be 27 J for full size
test specimens.

The bend test specimens can be considered as complying
with the requirements if, after bending, no crack or defect

having any dimension exceeding 3 mm can be seen on the
outer surface of the test specimen.

L 300 Chemical composition

301 Chemical analysis is to be carried out for all dimen-
sions of welding consumables manufactured. The analysis
is to be carried out as stipulated in H300 and is to be re-
ported for approval.

302 The chemical composition of the core wire is also to
be reported.

L 400 Microstructural examination

401 The ferrite/austenite-ratio of the weld is to be deter-
mined. The ferrite content in dverage is to be in the range
of 25 to 70%.

L 500 Corrosion test

501 For the determination of pitting and crevice corrosion
resistance, one test according to ASTM G48, Method A is
required. The test specimen 1s to be exposed to the solution
at a temperature of 20°C for 24 hours. No pitting attack
shall be visible on the test faces, and the general weight loss
is to be less than 20 mg.

L 600 Annual tests

601 Annual test for welding consumables comprises
chemical analysis only. Welding consumables of two differ-
ent dimensions are to be tested.

M. Welding Consumables for Welding of Alu-
minium Alloys for General and Low-Tempera-
ture Service

M 100 General

101 Approval of welding consumables for aluminium al-
loys will be considered subject to compliance with the spe-
cified tests and requirements in 200 to 400.

M 200 Test assemblios

201 The welding consumables are to have a suitable hard-
ness and smooth surface free from slivers, depressions,
scratches or foreign matters that would adversely affect the
welding properties when operating the welding equipment.

202 Tolerances for dimensions are to be kept within the
limits guaranteed in the manufacturers specifications.

203 The recommended and used composition for the
shielding gases is to be reported.

Preparation of test assemblies: ‘
Two test assemblies with dimensions as shown in Fig.18 are
to be welded in the flat position, one using the smallest wire
size manufactured and the other using the largest size man-
ufactured.

Application of backing strips is optional, i.e. the joint may
be welded without backing strip with the root of weld
chipped out to sound metal and re-welded from the second
side. The metal for the backing strip is to be the same as that
for the test plates. The test assemblies are neither to be pre-
heated nor postheat treated. The welding is to be carried out
at ambient temperature.

M 300 Testing

301 Non-destructive examination:
Prior to testing the backing strip is to be chipped off. The
radiographic test will be considered as passed, provided the
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- 30-40° requirements in’' ASME Boiler and Pressure Vessel Code.
i Sec. VIII, Div. 2, A1-511 are satisfied.

vi Mechanical testing:
/ One longitudinal and one transverse tensile test specimen

and two side bend test specimen («wrap around» bending)
are to be taken as shown in Fig.18.

The test specimens are to be prepared according to A700.

Mechanical test requirements:
The tensile strength, yield point and elongation are to be
reported for the Society's consideration. The tensile- and
yield strength for both weld metal and welded joint are not
to be less than that specified for the parent material (in soft
. condition), for which the consumable is intended. For ma-
T’ l l . J terials in deformation hardened or aged condition, the choiee
| [ I DISCARD of consumable and requirements to mechanical properties

(U L S — v ted in icular case.
| SIDE_BEND TEST SPECIMEN are to be evalua cach part %
—

3
SOomm FAPPROX__! ls

t1:5-10 mm
Tz 25mmMIN

The bend test specimens can be considered as complying
with the requirements if, after bending through an angle of
,T"l' 180° over a former with diameter four times the thickness
of the specimen, no crack or defect having any dimensions
exceeding 3 mm can be seen on the outer surface of the test

I I LONGITUDINAL
TEST SPECIMEN specimen.
— o ——
M 400 Annual tests
401 One test assembly is to be welded in the flat position.
: " Testing of this assembly is to be carried out as prescribed

—— _______I_L_I_ e above for the initial testing.
SIDE BEND TEST SPECIMEN

| TRANSVERSE TENSILE SPECIMEN

500 mm APPROX

300mm _APPROX

ig. 18
Tst assembly and location of specimens
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SECTION 4
WELDING OF CLAD STEEL PLATES

Contents

A. General

A 100 Scope

B. Welding

B 100 Welding methods — deposited metal
B 200 Groove preparation

B 300 Welding procedure

A. General

A 100 Scope

101 The requirements in this Section specify welding of
steel plates with austenitic stainless steel cladding.

B. Welding

B 100 Welding methods — deposited metal
101 For welding of steel plates with austenitic stainless

steel cladding, only electrodes approved by the Society are .

to be used, and welding is to be carried out only by certified
welders.

102 The welding may be carried out by means of shielded
metal-arc welding, automatic or semi-automatic arc welding
under inert gas and/or flux or a combination of these meth-
ods:

103 The weld joint is to have the same resistance to cor-
rosion as the cladding metal, and the corrosion-resistant de-
posited metal is to have at least the same thickness as the
cladding metal.

104 The chemical composition of the weld metal in the top
layer on the clad side is to correspond to the composition
of the cladding metal. The cladding deposited by welding is
to have at least the same thickness as the cladding on the
original plate.

B 200 Groove preparation

201 Proper groove shape in connection with correct wel-
ding sequence is to be employed. The edges are to be pre-
pared with a cutting tool or by grinding.-

202 Clad steel may be flame-cut provided this is done
from the base plated side. It is recommended that the cutting
face is removed in a depth of about 2 mm. When shearing
is used, the cladding side must face upwards.

203 If there are alignment difficulties or if the welded
connection is highly stressed, an edge preparation involving
the removal of the cladding, adjacent to the weld is recom-
mended.

B 300 Welding procedure

301 When welding clad materials, mixing of base metal
and weld deposit, as well as mixing of the two types of high
alloyed weld deposit is to be held at a minimum. Low wel-
ding current and small welding consumable dimensions are

to be used. The degree of dilution is preferably to be kept
below 30%. The degree of dilution is defined as the amount
of base metal in the weld metal.

302 The use of low-alloyed or non-alloyed consumables
on the cladding is not allowed.

303 At least two layers of the alloyed weld metal are to
be deposited when welding the backing from the clad steel
side, even if it is necessary to chip or grind off part of the
first stainless bead to make room for the second pass. At
least, the first bead is to be made with an over-alloyed con-
sumable (e.g. NV 309).

304 The mild steel backing is as far as possible to be
welded before the stainless cladding and is to be welded with
suitable mild steel consumable. Care must be taken to pre-
vent the root bead from penetrating into the cladding. Tack
welds are-to be of sufficient size, have full penetration and
an even surface, so that they may be covered by the first
weld bead without removal. :

Guidance note:

For the top layer on the backing only extensively dried, extra-
low hydrogen type of electrodes with grade-suffix HH are to be
used.

-—e-n-d--—-0-f-—G-u-i-d-a-n-c-e-—-n-o-t-e---

305 When welding pipes where there is access only from
the outside, the entire cross-section is to be built up by al-
loyed weld metal corresponding to the cladding. The sides
of the groove are preferably to be covered with an over-al-
loyed consumable (buttering) before joining.

1420
2-25)

Fig. 1 .
Examples on most commonly used grooves
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clad plate stainless steel plate
@@\\

16 > 4 I 2> ' Butt weld between clad plate and stainless steel plate:
= The groove edge on the clad plate is buttered with an over-

1 alloyed consumable, the joint may then be welded with a
3 consumable matching the stainless steel.

Weld groiir'e face to be ground smooth.

clad plate \;\“’{' mild steel plate
’//////;%/////////

>

. ) | ‘clad clate E mild stee! plate
Root bead (1) of mild steel is not to penetrate the cladding.

< ' Butt weld between clad plate and mild steel plate; the clad-
g ding is welded with an over-alloyed type of consumable.
3! 7 '
7/
The root bead is back-gauged or ground. .\5:"

. LA L Ll
%l ' clad plate

First bead on the clad side to be welded with an over-alloyed. Only to be used in assemblies subjected to low stresses;
consumable (309- , top layer to match the composifion consumable to match the cladding.
of the cladding (308-type).

RECOMMENDED TYPES OF JOINTS

clad plate

To be used in assemblies subject to high stresses: consum-
able to be of over-alloyed type to compensate for the mixing
with mild steel backing.

@ tobe welded with an over-alloyed consumable.
@ to be welded with a consumable matching the
composition of the cladding.

4-38

clad plate

Jo

Backing to be ground back enough to give room for at least Assembly subjected to high stresses; root beads can be

two high-alloyed layers. welded with over-alloyed consumables and the top layer
with ordinary stainless steel consumable, or root bead is
welded with a mild steel consumable and the top layer with
over-alloyed consumable.

Fig. 2

Examples on welding sequence
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