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Table E1
Tensile test Impact test
KV, J,
Grade Rm, 'R.‘H’ As, Z Temperature .. J
2 minimum, .. oC minimum
N/mm Nimm minimum, % % average
I 20
Il 400—560 305 0
I —20
1Y 20
JY | O
mhy 490—660 375 L2 —20 A7
VY —60
II Y40 0
IIT Y40 510—690 400 —20
IV Y40 —40
1) Reduction of area to be reported for information.

Chemical analysis:

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.

203 Butt-weld tests are to be performed as follows:

Preparation of test assembly:

Butt-weld test assemblies as shown in Fig.2 are to be pre-
pared for each welding position (downhand, horizontal-ver-
tical, vertical and overhead) for which the wire is
recommended. . :

One test assembly is to be prepared in the downhand posi-
tion, using a 1,2 mm diameter wire for the first run or a wire
of the smallest size manufactured and using a 2,4 mm di-
ameter, or of the largest size manufactured for the remaining
runs.

In the case where the wire is intended for downhand position
only, an additional test assembly is to be prepared by the
same welding procedure using wires of different diameter.

The other test assemblies are to be prepared in the vertical,
horizontal-vertical and overhead positions using for the first
run a wire of 1,2 mm diameter or of the smallest size man-
ufactured and using for the remaining runs the largest size
of wire recommended by the manufacturer for the position
concerned.

Test specimens:

One transverse tensile, two bend (one face and one root
bend) and three impact test specimens 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 test results are all to comply with the requirements given
in Table E2. The position of fracture in the transverse tensile
test specimen is to be reported. The bend test specimens can
be considered as complying with the requirements if, after
bending, no crack or defect having any dimensions exceed-
ing 3 mm can be seen on the outer surface of the test spec-
imen.

Table E2
Tensile test Impact test — KV, J, minimum average
Grade R, Tem ture °C Downhand, horizontal- Vertical (upward and
minimum, N/mm? peratu vertical and overhead downward)
I 20
11 400 0
11 —20
1Y 20 34
1y 0
'y 490 - —20 47
VY —40
VY —60
11 Y40 0
Il Y40 510 —20 41
IV Y40 —40
E 300 Automatic multi-run welding The preparation of the assembly is to be as described in

Where approval for use with automatic multi-run welding is
requested, all-weld-metal and butt-weld tests are to be car-
ried out as specified in 301 and 302.

301 All-weld-metal tests are to be performed as follows:

Preparation of test assembly:
One all-weld-metal test assembly is to be welded in the
downhand position as shown in Fig.7.

C201, except that the thickness of each layer is not to be less
than 3 mm. ‘ .

Test specimens: ] )
Two longitudinal tensile and three impact test specimens are
to be taken from the test assembly as shown in Fig.7.

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 E3.
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Table E3 : ~
Tensile test Impact test
KV, J,
Grade minl}r:;azn mirltzi;nn;tm As, % ; Tempoeéature minimum
! ! minimum, ‘
Nimm N/mm? um average
1 20
11 400—560 305 0
1 —20
1Y 20
ny 0 34
my; 490—660 375 D —20
VYy —40
VY —60
II Y40 .0
Il Y40 510—690 400 —20 41
IV Y40 —40
1) Reduction of area to be reported for information.

Chemical analysis:
The chemical analysis of the deposited weld metal is to be
supplied by the manufaturer and is to include all significant
alloying elements.

302 Butt-weld tests are to be performed as follows:

Preparation of test assembly:
One butt-weld test assembly is to be welded in the downhand
position as shown in Fig.8.

The test assembly is to be prepared in accordance with that
prescribed in C202.

Test specimens:

Two transverse tensile, four bend (two face and two root
bend) and three impact test specimens are to be taken from
the test assembly as shown in Fig.8.

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 E4. The position of fracture in the transverse tensile
test specimen is to be reported. The bend test specimens can
be considered as complying with the requirements if, after
bending, no crack or defect having any dimensions exceed-
ing 3 mm can be seen on the outer surface of the test spec-
imen.

Table E4
Tensile test Impact test
’ KV, J
Grad Ren, '
rade min x: Tmpféalure minimum
N/mm average
I 20
II 400 0
11 —20
1Y 20 34
ny 0
my 490 —20
VY —40
\'A 4 —60
I1 Y40 0
III Y40 510 —20 41
IV Y40 —40

E 400 Two-run welding

401 When approval for use with two-run technique is re-
quested, two butt-weld test assemblies are to be prepared.

For wires to be approved for use with the two-run technique
only, no deposited metal test is required. In this case ap-

proval tests are limited to the butt weld tests described her-
eafter.

Preparation of test assemblies:

Two butt-weld test assemblies are to be prepared as specified
in C300, except that one test assembly is to be 12—15 mm
thick and the other is to be 20 mm thick.

If approval is required for welding of plates thicker than 20
mm, one assembly is to be prepared using a plate of 20 mm
in thickness and the other using a plate of the greatest
thickness for which approval is required.

The diameter of wire to be used for the test assemblies is to
be in accordance with the manufacturer's recommendation
and is to be reported for information.

The edge preparation of the test assemblies is to be as shown
in Fig.13. Small deviations in the edge preparation may be
allowed, if requested by the manufacturer. For assemblies -
using plate over 20 mm in thickness, the edge preparation
used is to be reported for information.

12—15 mm

< —!
L V—H
=
VY

60°

20 mm
S

Fig. 13
Typ:cal edge preparation of two-run technique for wires

Test specimens:

Two transverse tensile, two bend (one from each side
welded) and three impact test specimens are to be taken from
each test assembly as shown in Fig.9.

When approval is reqmred for two-run technique only, one
longitudinal tensile test specimen is also to be machined
from the thicker plate tested as shown in Fig.9.

This tensile specimen is to be cut with the longitudinal axis
coinciding with the centre of the weld about 7 mm below the
plate surface on the side from which the second run is made.

DET NORSKE VERITAS
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The impact test specﬁnens are to be machined from each
welded assembly from the posmons and with the orientations
shown in Fig.11.

The test specimens are to be prepared accordmg to A700.

Test requirements:

The test results are all to comply with the requirements given
in Table E3 for the longitudinal tensile test specimens and
Table E4 for the transverse tensile and impact test speci-
mens. The bend test specimens can be considered as com-
plying with the requirements if, after bending, no crack or
defect having any dimensions exceeding 3 mm can be seen
on the outer surface of the test specimen.

E 500 Annual tests

501 Wires approved are to be subjected to at least the fol-
lowing tests:

Semi-automatic welding only:
One all-weld-metal test — one longitudinal tensile and three
impact tests.

Automatic muiti-run welding only:
One all-weld-metal test — one longltudmal tensile and three
impact tests.

Automatic two-run welding only:

One butt-weld test with 20 mm minimum plate thickness —
one transverse tensile, two bend and three impact tests. One
longitudinal tensile test is also to be prepared for wire/gas
combinations approved solely for the two-run technique.

Wires approved for both semi-automatic and automatic
multi-run welding: One all-weld-metal test in semi-automatic
technique — one tensile and three impact tests.

502 The test assemblies and specimens are to be prepared
and tested in accordance with the same procedures as those
for the initial approval tests using wire which is of about the
medium size manufactured, except in the case of the two-run
technique where the size of wire is to be according to the
initial testing procedure.

503 The test results are to comply with the requirements
for the initial approval tests.

E 600 Upgrading

601 An approved wire may be granted a higher grade than
that initially granted, provided that impact testing is carried
out with satisfactory results at the temperature specified for
the higher grade. However, for upgrading from grade
I(T/M) to grade III(T/M) or from any grade to grade II
Y(T/M) to V Y(T/M) and II Y40(T/M) to IV Y40(T/M),
impact tests are to be carried out on specimens taken from
butt weld test assemblies in addition to the normal require-
ments for annual testing.

F. Combinations for Use in Electro-slag and
Electro-gas Welding Processes

F 100 General

101 Consumables intended for these welding processes
will be divided into the following grades:

— for normal strength steels: I and II
— for high stren fth steels with minimum yield strength up
to 355 N'mm=: I Y, II'Y
— for high stren ;th steels with minimum yield strength up
to 390 N/mm?: II Y40.

Approval will be considered subject to compliance with the
specified tests and requirements in 200. -

F 200 Initial tests

201 The following information is to be reported for the
Society's consideration:

— joint designation, wire diameter, type of consumable
" nozzle, shielding gas if used, welding parameters, weld
direction relative to final rollmg direction of plates, ten-
sile strength and chemical composition including applied
grain refining elements for the base material.

, Preparation of test assemblies:

Two test assemblies, one assembly with 20 mm plate thick-
ness and one with 35 mm thickness, are to be made as
shown in Fig.14. s

Test specimens:

Two longitudinal and two transverse tensile test specimens,
two side bend (alternatively one root bend and one face
bend) and six impact (three with the notch located in the
centre of the weld and three with the notch located at the
fusion boundaty) test specimens are to be taken from each
test assembly as shown in Fig.14.

the weld.

TENSKE TEST
SOECIMEN

|
f BEND TEST
; SPECIMEN

LONGITUDINAL TENSILE
TEST SPECIMEN

ONGITUDINAL AND

TRANSVERSE
LPHOTOMACROGRN’“S

2:3 IMPACT TEST
SPECIMENS
CHARPYY .

LONGITUDINAL TENSILE
TEST SPECIMEN

1
I
!
1
|
!

L SPECIMEN
b TENSILE TEST
. H SPECIMEN

Fig. 14

|
t BEND TEST:
t
|

’ Electro-slag and electro-gas weldmg test assembly and location

of specimens

Test requirements:
The test resulits are all to comply with the requirements given
in Table F1.
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Table F1
- Tensile test Impact test
G’ ade / Ran, _R,'H' As, Temperature KV' 7/
2 minimum, - ° minimum
Nimm Nt minimum, % C average
& 400—560 305 2
34
1y 490—660 375 2 2
11 Y40 510—690 400 0 41
&

Chemical analysis: .
Chemical analysis of the deposited weld metal is to be sup-
plied by the manufacturer and is to include the content of
all signmificant alloying elements. :

Photomacrographs: .

Two photomacrographs, approximately 2X magnification,
one transverse and one longitudinal with respect to the weld
are rftao be taken. The latter section is to be parallel to the plate
surface.

F 300 Annual tests

301 Combinations approved are to be subjected to at least
the following tests: -

One test assembly, using 20 mm plate thickness is to be
prepared.

Two longitudinal, two bend and three impact test specimens

are to be taken. The notch of the impact specimens is to be
located in the centre of the weld.

One transverse photomacrograph is also to be taken from the
test assembly. :

302 The preparation of the test assemblies and the me-
chanical properties are to be in accordance with the re-

quirements for the initial approval tests.

G. Welding Consumables for Welding of Steel
Grades NV 2-4, NV 2-4L, NV 44 and NV 44L
for Low-Temperature Applications

G 100 General

101 These welding consumables will be granted the fol-
lowing grades:

— for NV 2-4 and NV 24L: 5 (manual welding) and V
(semi-automatic and automatic welding)

— for NV 4-4 and NV 4-4L: 5 Y (manual welding) and V
Y (semi-automatic and automatic welding)

Approval will be considered subject to compliance with the
specified tests and requirements in 200.

102 Covered electrodes are to satisfy the re%gj:ements for
low hydrogen electrodes, and will have the suffix H15, H10
or HS added to the grade mark.

Flux cored or flux coated wires may also, at manufacturer's
option, be submitted for hydrogen testing, and will have the
suffix (H15), (H10) or (HS5) added to the grade mark.

103 Testing is to be carried out as specified in B (covered 1

electrodes), C (wire/flux combinations) or E (wire/gas
combinations) with the additional requirements’ specified in
200. -

G 200 Additional requirements

201 The base metal to be used for the butt weld tests is to
be the same as that for which the welding consumable is
intended.

Impact tests:
The specimens are to be broken at —60°C. Both single va-
lues and average values are to be reported.

Welding consumables intended for NV 2-4 and NV 4-4
only, may be impact tested at —55°C.

Test requirements:
The butt-weld test results are all to comply with the re-
quirements given in Table G1. -

202 One additional butt-weld test is to be performed as
follows:

Preparation of test assembly:

One butt-weld test is to be made in the downhand position.
This test assembly is to be subjected to stress-relieving at
550 to 600°C prior to mechanical testing.

Test specimens: . : :
One transverse tensile and three impact test specimens are
to be taken from each test assembly.

Test requirements:
The test results are all to comply with the requirements given
in Table G1.

G 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 B900, |
C400 or E600, respectively. Impact testing, however, is to -

be carried out according to 200.

Table G1
Tensile test Impact test — KV, J
Grade , o Kv,J, KV, J,
minimum, N/mm? Temperature °C average minimum single value

—55 41 27

5V 400 —60 34 2

—55 41 27

. SY/IVY 490 —60 34 7
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H. Welding Consumables for Low-Alloy, Heat-
Resisting Steels NV 0,3Mo, NV 1Cr 0,5Mo and
' NV 2,25Cr 1Mo)

H 100 General

101 The all-weld-metal and butt-weld tests are all to. be
carried out as specified in B (covered electrodes), C
(wire/flux combinations) or E (wire/gas combinations) with
the additional requirements specified in 200.

102 Cmﬁered electrodes are to satisfy our requirements for

low hydrogen electrodes, and will have the suffix H15, H10
or H5 added to the grade mark.

Flux cored or flux coated wires may also, at manufacturer's

The finished test plates are to be uniformly heated to the
annealing temperature, kept at this temperature for approxi-
mately 30 minutes and cooled in still air.

Tensile tests:

One specimen from each assembly is to be tested at room
temperature (approximately 20°C), while the other is to be
tested at 400 + 5°C. The elevated test temperature is to be
properly controlled (e.g. by thermocouples).

Test requirements:
The test results are all to comply with the requirements given
in Table H2. :

: . SMALLEST POSSIBLE
option, be submitted for hydrogen testing, and will have the § BEAD REINFORCEMENT
suffix (H15), (H10) or (H5) added to the grade mark.

H 200 Additional requirements
201 The base metal to be used for the butt-weld tests is to
be the same as that for which the welding consumable is
intended.
Steel grades A, B or D may, however, be used for the all-
weld-metal tests when this is found to be convenient.
202 The all-weld-metal test is to be performed as follows:
“Two longitudinal tensile test specimens are to be taken from
each test assembly as shown in Fig.15.
Pre- and post-heating:
The temperature ranges to be used for pre-heating, inter-pas
temperature and annealing is shown in Table HI.
Table H1
Consumables for Pre-heat and inter- Annealing
welding steel grade pass tenotperature tempemture
C e
NV 0,3Mo 100—200 660—700
NV 1Cr 0,5Meo 200—300 680—720 Fig. 15
NV 2,25Cr 1Mo 200—300 720770 All-weld-metal test
Table H2
Tensile test
Consumables for Test temperature Rnm Ren/ RpO,2 Ag Z
welding steel grade °C minimum .
Nimm2 m;\'ll/lr'n”:z'zn' minimum, % - %
NV 0,3Mo X2 - 450
20 470
NV 1Cr 0,5Mo 400 ) 305 18 b
20 480
NV 2,25Cr 1Mo 400 )
1) These values are to be reported for information.
203 Butt-weld tests are to be performed as follows: Table H3
The transverse tensile and bend tests are to be tested at room Consumables for welding steel . Rp, )
temperature. grade minimum, N/mm
. NV 0,3Mo 440
Test requirements: 50
The tensile test results are to comply with the requirements NV 1Cr 0,5Mo i
given in Table H3. NV 2,25Cr 1Mo 480
H 300 Chemical composition

301 The test specimen for chemical analysis of the depos-
ited metal is to be made on a steel plate as shown in Fig.16.
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Preparation of test assembly:

One such test specimen is to be made for each dimension
of welding consumable to be approved. Chips for chemical
analysis are to be machined, so that the distance between the
ﬁm]td cut and the plate corresponds to at least 4 layers of
weld.

APPROX. 1S mm

>4
HE
. 71 s[4 :
CHIPS TO BE TAKEN 744
FAOM THIS SECTION Z
: rd
MIN. - 4 &
4 LAYERS — 74 C>
X -——
&
°

MIN. 50 mm

302 Each test specimen is to be analysed separately.

Test requirements:
The test results are to comply with the requirements given
in Table H4.

H 400 Annual tests

401 Consumables approved are to be subjected to at least
the following tests:

Chemical analysis of the deposited metal of two different
dimensions of the approved combinations are to be carried
out.

402 The preparation of the test assemblies and the test re-
quirements are to be in accordance with the requirements for
the initial approval tests specified in 300.

Fig. 16 )
Test specimen for chemical analysis
Table H4
Consumables C ) Si Mn Cr Mo P S
Jor welding maximum maximum maximum maximum
steel grade % % % % % % %
NV 0,3Mo ) 0,6—1,6 = 0,3—-0,7
NV 1Cr
0,5Mo 0,12 0,8 0,4—1,0 07—14 | 04-07 0,04 0,03
NV 2,25Cr
Mg 0,4—1,0 2,0—2,6 0,9—1,2

I. Welding Consumables for Welding of Steel
Grades NV 1,5Ni, NV 3,5Ni, NV 5Ni and NV
: 9Ni

I 100 General -

101 The all-weld-metal and butt-weld tests are all to be
carried out as specified in B (covered electrodes), C
(wire/flux combinations) or E (wire/gas combinations) with
the additional requirements specified in 200.

102 Covered electrodes are to satisfy the requirements for
low hydrogen electrodes, and will have the suffix H15, H10
or H5 added to the grade mark.

Flux cored or flux coated wires may also, at manufacturer's
option, be hydrogen tested, and have the -suffix (H15),
(H10) or (H5) added to the grade mark.

103 The plate thickness for the butt-weld tests is normally
to be between 11 mm and 20 mm. If plates with thickness
less than 11 mm are used, the requirement regarding ab-
sorbed energy is to be agreed upon with the Society in each
case.

104 Welding consumables approved for welding of a
higher grade within this group may also be used for the
lower grades.

I 200 Additional requirements

201 The all-weld-metal tests are to be performed as fol-
lows:

Test specimens:
One longitudinal tensile and at least three impact test speci-
mens are to be machined from each test assembly.

Test requirements:

The longitudinal tensile and impact test results are to satisfy
the requirements given in Table I1.

202 The butt-weld tests are to be performed as follows:

Bend tests:

If the composition and mechanical properties of the depos-
ited metal differ markedly from the composition and prop-
erties of the base metal, the two transverse bend tests may
be replaced by longitudinal bend tests. If this is done, one
face bend and one root bend test are to be carried out.

The dimensions of the longitudinal bend specimens are to
be as follows:

Length, minimum 150 mm
Width 38 mm
Thickness 10 mm

The weld reinforcements are to be removed, and the
root/face side of the specimens is to be machined so that the
required thickness is obtained. The edges of the specimens
may be rounded to a radius not exceeding 2 mm.

Charpy V-notch impact tests:

At least three impact test specimens are to be machined from

each test assembly. .

Test requirements: -

The test results are all to comply with the requirements given
in Table I1. The position of fracture in the transverse tensile
test specimen is to be reported. The bend test specimens can
be considered as complying with the requirements if, after
bending through an angle of 180° over a former with a di-
ameter of 40 mm, no cracks or defects can be seen on the
outer surface of the test specimen. The reduction of area is
to be reported for information. .
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I 300 Annual test

301 Depending on whether it concerns electrodes,
wire/flux combination of 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 I1.

I 400 Other welding consumables

401 Welding consumables with yield stress and/or tensile
strength less than that specified under 300, may be approved
for welding of steel grade NV 9 Ni. Approval testing is to
be carried out according to the programme specified above.

The maximum permissible stress in welded vessels is, how-
ever, in such cases to be based on the mechanical properties
obtained from the approval tests.

J. Welding Consumables for Welding of Extra
High Strength Steels

J 100 General

101 Depending on the impact test temperature, welding
consumables for extra high strength steels are divided into
the following grades:

— Grade 3/IiI, test temperature - 20°C
— Grade 4/1V, test temperature - 40°C
— Grade 5/V, test temperature - 60°C.

The following symbols are added to the grade mark to indi-
cate yield strength of the base metal for which the welding
consumable is intended:

Symbols added to grade mark -Base material designation
Y42 - NV 420
Y46 NV 460
Y50 : NV 500
Y55 NV 550
Y62 NV 620
Y69 NV 690

Each higher quality grade includes the one (or those) below.
Grade A.. and D.. steels according to Pt.2 Ch.2 Sec.1 are
to be welded using welding consumables of at least quality
grade 3/II1, grade E.. steels using at least quality grade 4/IV
and grade F.. steels using at least quality grade 5/V as
shown in the following table :

Consumable grade

/Y. 4/IVY.. S/VY..

Steel grades covered

D..and A.. E..,,D..and A..
F..,E..,D.. and A..

Welding consumables approved with grades ..Y42, ..Y46
and ..Y50 are also considered suitable for welding steels in
the two strength levels below that for which they have been
approved. Welding consumables approved with grades

Table I1 .
' Tensile test Impact test
Consumables for All-weld-metal Butt weld KV J
weizirn:; .;teel Rm, Ray, D As, Ra, Temp:(rjature mini;nu;n
NV 1,5 Ni 420 275 420 —95
NV 3,5 Ni 440 345 440 —115 34
NV § Ni 570 390 570 —140
NV 9 Ni 640 490 - 660 —196
1) In cagg of no marked yield point, the proof stress at 0,2% elongation (Rgo,2) is to be reported.

..Y55, ..Y62 and ..Y69 are also considered suitable for
welding steels in the strength level below that for which they
have been approved.

The Society may, in individual cases, restrict the range of
application in (up to) such a way, that approval for any one
strength level does not justify approval for any other
strength level.

102 The all-weld-metal and butt-weld tests are all to be
carried out as specified in. B (covered electrodes), C
(wire/flux combinations) or E (wire/gas combination) with
the additional requirements specified n 200.

103 Covered electrodes in yield strength group Y50 and
below are to satisfy the hydrogen test requirements for at
least the suffix H10. Electrodes in yield strength group
ranging from Y55 up to and including Y69 are to satisfy the
hydrogen test requirements for the suffix H5.

Flux cored or flux coated wires may also, at manufacturer's
option, be hydrogen tested, and have the suffix (H10) or
(HS) added to the grade mark.

104 The plate thickness for the butt-weld tests is normally
to be between 11 mm and 20 mm. If plates with thickness
less than 11 mm are used, the requirement regarding ab-
sorbed energy is to be agreed upon with the Society in each
ca

Se.

J 200 Additional requirements

201 The all-weld-metal tests are to be performed as fol-
lows:

Test specimens:
One longitudinal and at least three impact test specimens are
to be machined from each test assembly.

Test requirements:
The longitudinal tensile and impact test results are to satisfy
the requirements given in Table J1.

202 The butt-weld tests are to be performed as follows:

Test specimens :

One transverse tensile, two transverse bend tests (face and
root bend) and at least three impact test specimens are to be
machined from each assembly.

If the composition and mechanical properties of the depos-
ited metal differ markedly from the composition and prop-
erties of the base metal, the two transverse bend tests may
be replaced by longitudinal bend tests. If this is done, one
face bend and one root bend test are to be carried out.

The dimensions of the longitudinal bend specimens are to
be as follows:

Length, minimum 150 mm
Width 38 mm
Thickness 10 mm

The weld reinforcements are to be removed, and the
root/face side of the specimens is to be machined so that the
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