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— change beyond +15 % for voltage and current, and

) . @ ' change of more than +10 % for travel speed
4 — change of preheating/interpass temperature beyond

+25°C
1G ROTATING - .
1a hoTATING :'x.l?‘ R change of post weld heat treatment parameters
HORIZONTAL Axis B 1000 Welding procedure qualification record, WPQR
1001 The parameters used during qualification welding,
; NDT-records and mechanical testing reports are to be pre-
@ sented in a WPQR for each qualification test. The WPQR
i is to contain sufficient references to establish where, when,
- how and by whom the test welding, NDT- and mechanical
N testing were performed.
' a5’ THROAT OF WELD msgrm
e 6G FIXED INCLINED PIPE -
Fig. 11
Pipe test positions
Type of joint

The range of approval for type of joint is given in Table BS.
In addition the following changes are to lead to a new qual-
ification:

— change from fillet weld to butt weld

— change of specified type of groove, root face and gap
which may significantly affect penetration, fusion and
delution of the weld.

Welding condition Note: One plate must be horizortal

The following changes are to lead to a new qualification:

OVERHEAD POSITION 4F
— any change of welding process Fie. 12
— change from spray arc to short arc or pulsed arc or vice 5 .
g pray p Positions of test plate for fillet welds
versa .
Table B4 Qualified principal positions for butt welds and fillet welds
Qualified positions 3)
Test weld Principal . B s -
Type of joint D2 incipal positions utt we “ Fillet welds
Plates Tubes Plates/tubes
2G+3G All All All
1G 1G 1G 1F
Butt welds on plates 2G 1G, 2G, 4G 1G, 2G 1F, 2F, 4F
3G 3G Not applicable 3F
4G ’ 1G, 4G 1G 1F, 4F
2G + 5G = 6G All All All
1G 1G 1G 1F
Butt welds on tubes G 1G, 2G, 4 1G, 2G 1F, 2F, 4F
5G Al 1G, 5G All
2F +3F ’ All
1F 1F
. 2F 1F, 2F, 4F
Fillet welds 3F ) 3F
4F 1F, 4F
SF ~ All
1) Tubes with OD > 500 mm are considered equivalent to plates (apply only to the can in tubular joints)
2) Tubular joints are to be qualified separately.
3) The vertical downwards position is to be qualified separately.
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Table BS Range of approval for type of joint :
’ ) Range of approval
Bunt welds on plate T butt welds on plate Buttwelds on pipe
Type of joint in approval test piece | Welded from one side | eldedfromboth 1wy iipq | Welded | Welded from one side
both
With No With No | From one [ From o With No
backing backing gouging gouging backing backing
With
i | welded | packing * - x x - x - -
] from one N
side o * - -
Butt weld backing * * * * *
on plate With
Welded | gouging - - * x x x - -
from both -
sides No - - - * - x - -
gouging
: With
Butt weld | Welded | backing x : X x ‘ X ) :
on pipe rom one =0
side backing X X X X X X X *
T butt Welded from one side - - - - * X - -
weld on | Welded from both ) N i :
plate sides B - B B
Key:
* indicates the WPS which is approved in the approval test
X indicates those welds for which the WPS is also approved
- indicates those welds for which the WPS is not approved

B 1100 WPQT for liquefied gas systems

1101 Welding shops which intend to build welded cargo
tanks, process pressure vessels and/or piping systems for k-
quefied gases are to carry out WPQT for all types of butt
welds in the construction.

1102 For butt welds in tanks and pressure vessels, the test
assemblies consist of two plates, each having a width of at
least 150 mm and a length sufficient for making all neces-
sary test specimens described in 1105. The test assemblies
are to be so prepared that the principal direction of rolling
is parallel to the direction of welding.

" Guidance note:
The test plates must be of such dimensions that the cooling
condition as far as possible will be the same as for the production
welding.

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

1103 For butt welds in piping systems the test assemblies
are made by welding together two approximately 150 mm
long pipes with the same diameter as the pipes used in the
system to be represented.

1104 The test assemblies are to be subjected to radiographic
testing after welding. X-rays, fine-grained film and lead
screens are to be used for this testing. The radiographs are
at least to meet the requirements in Pt.5 Ch.5 Sec.5 and Pt.5
Ch.5 Sec.6. Concerning magnetic particle, dye penetrant
and ultrasonic testing reference is made to Pt.5 Ch.5 Sec.5.

Hardness testing is to be performed on weld metal, heat af-
fected zone and parent material. The values are to be re-
ported for consideration.

The weld is to be etched through the whole cross-section and
is to show normal structure and penetration. The etching is
to be done in such a way that the fusion line is clearly seen.

1105 From each test assembly for plates the following spe-
cimens are to be taken: .

— one transverse weld tensile test specimen
— two side bend test specimens.

The test specimens are to be cut transverse to the longi-
tudinal axis of the weld. The thickness of the test speci-
men is to be 10 mm and width equal to the plate
thickness. If the plate thickness exceeds 40 mm the test
sample may be divided into two, each having a width of
at least 20 mm

_ five sets of Charpy V test specimens (each set consists
of 3 specimens) -

—_ macrosection, microsection and hardness survey may also
be required.

The Charpy V test specimens are to be cut with their longi-
tudinal axis transverse to the longitudinal axis of the weld.
When practicable, the test specimen is to be taken at a place
half the distance from the centre to the surface of the plate.
The notch is to be cut in a face of the test specimen ori-
ginally perpendicular to the rolled surface. The specimens
are to be taken at the following locations:

— 3 specimens with the notch in the centre line of the welds
— 3 specimens with the notch in the fusion line

— 3 specimens with the notch 1 mm from the fusion line
— 3 specimens with the notch 3 mm from the fusion line
— 3 specimens with the notch 5 mm from the fusion line.

For austenitic chromium-nickel steels, only 3 tests with the »

notch in the centre of the welds are required for design
temperature below —105°C.

1106 From each test assembly for tubes, the following test
specimens are to be taken:

— one transverse weld tensile test specimen

— two side bend test specimens.
The test specimens are to be cut transverse to the longi-
tudinal axis of the weld. The thickness of the test speci-
mens is .to be 10 mm and the width equal to the wall
thickness. If the wall thickness is less than 10 mm the
side bend test is to be replaced by root bend test

— five sets of Charpy V test specimens (each set consists
of 3 specimens). The test specimens are to be cut as
stipulated in 1105

— macrosection, microsection and hardness survey may also
be required.

DET NORSKE VERITAS
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For austenitic chromium-nickel steels, only 3 tests with the
notch in the centre of the welds are required if the design
temperature is below —105°C.

1107 The butt weld tensile test is to comply with the fol-
lowing requirements: :

Generally, the tensile strength is not to be less than the spe-
cified minimum tensile strength for the parent material. In
cases where the Society has approved the use of welding
consumables which give lower tensile strength in the weld
metal than that required for the parent material, the ap-
proved value for the welding consumable in question ap-
plies.” The position of fracture is to be reported.

1108 The bend test specimens are to be capable of with-
standing bending through an angle of 180° over a former
with diameter four times the thickness of the specimen. The
tests can be considered as complying with the requirements
if, after bending, no crack or other open defects exceeding
3 mm in dimension can be seen on the outer surface.

1109 Charpy V testing is to be conducted at the temperature
prescribed for the base material. See Pt.5 Ch.5 Sec.2.
When specimens of 10 x 10 mm cross-section are used, the
average value from 3 tests is not to be less than 27 J for weld
metal. One single test may give a value below the required
average but not lower than 19 J.

For fusion line and heat affected zone the requirement for
minimum average value is the same as for the base material.
Only one individual value may be below the specified aver-
age value provided it is not less than 70 % of that value. .

For testing of thin materials where it is impossible to use a
standard test specimen 10 x 10 mm, the larger of the fol-
lowing specimens is to be used:

10 x 7,5 mm, 10 x 5 mm, 10 x 2,5 mm.

The impact values are then reduced to respectively 5/6, 2/3
and 1/2 of the required values of the standard test specimen.

C. Welding Procedures, Aluminium

C 100 General

101 Requirements for liquefied gas systems are stated in
special Programmes in Certification Notes No, 2.1.

102 Qualified welding procedures are required for all im-
portant joints in hulls and structures which are to be classed
with Det Norske Veritas. The procedure tests are to be re-
presentative of the following:

— each base material/alloy and temper used in production

— the thickness and diameter range in question (see Tables
B2 and B3 -

— each type of consumable and welding process

— welding position (see Table C1)

— joint/groove design

— number of passes

— preheat (if any)

— volt-ampere characteristics

— shielding gas.

Table C1 Qualified principal positions for butt welds and fillet welds
Test weld Principal positi Qualified positions 1
Joint configuration rincipat postions Butt welds, plates Butt welds, tubes Fillet welds
Butt welds on plates 1G 1G 1F
2G 1G, 2G, 3G 1F, 2F, 3F
3G 1G, 2G, 3G 1F, 2F, 3F
4G All
Butt welds on tubes 1G 1G 1F
2G 1G, 2G, 3G - 2G 1F, 2F, 3F
5G All 1G, 5G All
Fillet welds 1F 1F
2F 1F, 2F, 3F
3F 1F, 2F, 3F
4F “All
SF All
1) The vertical downwards position is to be qualified separately.

C 200 WPQT for butt welds

201 Each test assembly consists of 2 plates with dimen-
sions 300 x 150 mm. The plates are to be joined with a
longitudinal butt weld. For extruded sections and pipes the
assembly is to consist of 2 sections each 150 mm long (see
Figs.13 and 14).

202 The welding is to be carried out in accordance with
the procedure to be used during production. Welding con-
sumables are those recommended in Table C2.

203 The joint configurations are to comply with those in-
tended to be applied for the production welding.

204 If back-sealing run is to be laid, this run is to be laid
in the same position as for the respective weld.

205 The welds are to be subjected to visual inspection, dye
penetrant testing and ultrasonic- or X-ray testing.

The requirements to quality level for imperfections are to
be as given in ISO 10042.2 level B.

206 Side-bend tests are to be carried out for thickness
ual to and above 10 mm. Two bend specimens are to be
taken from each of the welded assemblies.
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Table C2 Selection of suitable consumables for combinations of aluminium alloys

Base Metal Alloy NV-5052, NV-5754
‘ NV-5154, NV-5454

NV-5086

NV-5083
NV-5383

NV-6060, NV-6061
NV-6063, NV-6005A
NV-6082

NV-5052, NV-5754
NV-5154, NV-5454
NV-5086

~ 5356, 5556, 5183

5356, 5556, 5183 5356, 5556, 5183

NV-5083, NV-5383 5356, 5556, 5183

5183 D 5356, 5556, 5183

NV-6060, NV-6061
3 NV-6063, NV-6005A
NV-6082

5356, 5556, 5183

5356, 5556, 5183 5356, 5556, 5183

Note:

All consumables here are covered by the AWS specification. The prefix «ER~ is omitted.
1) Other consumables may be used if allowable stresses are reduced, see Table C4.

Dizcard 25 nwn
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= 1root and 1 face ot
2 side bend specimans

__________________

B
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- -
r - 1 Ares 2 for:
' - '
8l - r - Additions! ves1
k] 1 - f L]
[ = / spscimen f raquae
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£ = h
§ i = |
] - t
h---:—---l
=
=
=
=
-
-
-
=
=
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3
-
-

.........

= 1 macro tes! specimen

Fig. 13
Location of test specimens for a butt weld on plate

207 For thickness below 10 mm one face bend and one
root bend test specimens are to be taken. The width is to be
30 mm and the thickness equal to the plate thickness. The
diameter of the bending mandrel is to be as given in Table
C3.

Table C3 Former diameter for bend tests
Condition
Base metal alloy HI116, H32,
0, Hilll H321, H34 T4 T5, T6

NV-5052, NV-5754 4 4t ’
NV-5154, NV-5454 . } )
NV-5086, NV-5083, .

NV.5383 6 . 6t - -
NV-6060, NV-6061
NV-6063, NV-6005A - - 6t Tt

NV-6082

208 Requirement:

No cracks or open defects exceeding 3 mm measured on the
convex surface after bending are accepted. Smaller cracks
developing from the edges of the specimens are not normally
considered as significant, unless there is definite evidence
that they result from inclusions or other defects.

«Wrap around» bending as shown in Fig.15 is the preferred
bending method.

Top for fized pipe

T

|

Area 1 tor:

- Additional 1est
specimans if raquired

Aras 2 for:
= 1 tensile specimen

= 1rogtand 1 face or
2 side bend specunens

Aves 3 for:

= 1 macro test spacemen

Fig. 14
Location of test specimens for a butt weld in pipe

&
oS
‘\l

B=1/2A+T

Fig. 15
«Wrap around» bending

209 One tensile specimen is to be taken from each of the
welded assemblies. The test specimen, 25 mm wide and with
full plate thickness and orientated transverse to the weld, is
shown in Fig.16. :

T WELD I
e — -
, g a
b e -t
100 _|GAUGE LENGTH [ ~3xT} 00,

Fig. 16
Tensile test specimen
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210 The tensile strength of the test specimens is not to be
less than specified for the parent alloy in Table C4.

211 One macrosection is to be prepared from the test as-
sembly to reveal the weldment macro structure. The macro-
section is to be visually inspected using a magnification of
5 to 10X. The macrosection 1s to show-a regular weld profile
with a smooth transition to the base material without signif-
icant undercut or excessive reinforcement and show thor-
ough fusion between adjacent layers of weld metal and base
meta). There are to be no cracks, lack of fusion and in-
complete penetration.

C 300 WPQT for fillet welds

301 The two plates are assembled and positioned edgewise
so as to constitute a tee-assembly with no clearance. As far
as possible the plates are to be of a sufficient size to ensure
a reasonable heat distribution.

For fillet welds the test assembly is to be as defined in Fig.9.

For manual and semi-automatic welding the length of the
test piece is to be:

L pin. = 350 mm
For automatic welding the length is to be:
Linin. = 1000 mm
Weld and fit-up are to be as detailed in the WPS.

The test assembly is to be welded on one side only. For
manual and semi-automatic welding, the stop/restart position
is normally to be included in the test length and is to be
clearly marked for subsequent examination. :

The ends of the specimen are exempted from examination
over a length of 50 mm.

302 NDT is to be carried out in accordance with the spe-
cification given for the production welding in question. The
extent of the testing is to be as follows:

— 100 % visual inspection
— 100 % surface crack detection (dye penetrant).

The soundness of the weld is to comply with 1SO 10042.2
level B.

If the stop/restart spot is included in the test length, special
attention 1s to be J:aid to this position with respect to profile,
proper fusion and absence of crater defects.

303 The following tests are to be performed:
2 macrosection tests (metallographic examination).

One of the macrosections is to be taken at the marked posi-
tion of the stop/restart (for more details see B307).

C 400 Retesting

401 If any of the tests do not satisfy the specified require-
ments, new procedure tests in duplicate may be carried out.
The results of both retests are to meet the specified require-
ments, otherwise the test is to be rejected. :

C 500 HAZ softening adjacent to welds

501 The strength of a weldment is a function of the wel-
ding process, filler metal and the aluminium alloy in ques-
tion. For design purposes it is assumed that around each
weld there is a zone, the HAZ, in which the strength is re-
duced. The extent of the HAZ is assumed to have the same
width as the weldment plus the plate. thickness in each di-
rection of the weld as shown in Fig.17.

If the yield strength is to be measured for information this
is to be carried out on a gauge length 2 t + W of the weld
(approximately 3 t).

t | W

. /2 J

t = plate thickness
W = width of weld

Fig. 17
Extent of HAZ
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Table C4 Mechanical properties in the welded condition
- Alloy Temper Filler Tensile strength Yield strength
Ry, minimum in HAZ, Rpo,2 minimum
(N/mmz) (N/mmz.)
NV-5052 0,F, H111, 5356 170 65
H32, H34
NV-5754 0,F, H111, H24 5356-5183 190 80
NV-5154A 0, H111 5356-5183 215 85
* NV-5454 0,F, H111, H34, 5356-5183 215 85
I NV-5086 0,F, H111, 5356-5183 240 100
H116, H32, H34 ,
'NV-5083 0,F t< 6 mm 5183 270 125
0, F t> 6mm 5356-5183 270 115
H116, H321 5356 270 115
H116, H321 5183 270 125
NV-5383 0, H111, H116, 5183 290 140
H321
NV-6060 TS 5356-5183 95 65
NV-6061 T4 5356-5183 165 115
TS or T6 ) 165 115
NV-6063 TS 5356-5183 100 65
T6 100 65
NV-6005A TS or T6 5356-5183 165 115
NV-6082 T4 5356-5183 170 110
TS or T6 170 115

D. Welding procedures, Ferritic-Austenitic
Stainless Steel (Duplex)

D 100 General

101 Welding shops which intend to build welded cargo
tanks, parts of hull structure, process pressure vessels or
piping systems in Ferritic-Austenitic stainless steels are to
carry out WPQT for all types of butt welds and essential
fillet welds in the construction. See Ch.3 Sec.1.

102 The WPQT's are to cover all relevant dimensions,
positions and material combinations. Details regarding es-
sential variables, validity of the procedure and mechanical
testing are to be as described in B with additional require-
ments as listed in 200.

D 200 Additional testing

201 Butt welds and fillet welds are to be corrosion tested
according to ASTM G48-76 Method A. The test specimen
is to be in the as welded state after normal weld cleaning
operation. The test specimens are to be exposed to the sol-
ution at a constant temperature of 20°C for 24 hours.

Test requirements :

— no pitting attack is to be visible on the test face(s)
— general weight loss is not to exceed 20 mg.

Guidance note:
Welds between Ferritic-Austenitic steels and other grades of
stainless or C/Mn steels may not need to be corrosion tested.

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

202 Impact testing as described in B300.
Impact test temperature -20°C. The average value for ab-
sorbed energy is not to be less than 27 J.

203 Microstructural examination ’
The test samples are to comprise the weld metal, heat af-
fected zone and base metal. The microstructure is to be

suitably etched and examined at 400X magnification and is
to be free from grain boundary carbides and precipitates.

The ferrite content in the weld metal root and unreheated
weld cap is to be determined in accordance with ASTM E
562 and be in the range of 25-70%.

D 300 Validity of a qualified welding procedure

301 Reference is made to B90O and any change in the
following additional essential variables which are to lead to
a new qualification :

— variation in the heat input greater than +15%.

E. Approval of Welders

E 100 General

101 These requirements apply to the Society's approval
of welders for fusion welding of steel and non-ferrous me-
tals. The welding processes for which qualifications are re-
quired include those which are designated as manual or
partly mechanized welding. Welders are to pass an approval
testing in accordance with 200. Yards and workshops are
required to keep records of the welders' qualifications and,
when required, furnish copies of valid welders' certificates.

102 Welding operators using . fully mechanized or fully
automatic processes need generally not pass ‘an approval
testing. However, operators are to receive adequate training
in setting or programming and operating the equipment.
Appropriate records of training are to be maintained. Yards
and workshops may be required to furnish valid approval
test certificates.

E 200 Standards for approval testing

201 Welders are to be tested to a standard recognised by
the Society, e.g. EN 287, ISO 9606, ASME Section IX,
ANSI/AWS D1.1.
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