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This document (EN I1SO 17641-2:2005) has been prepared by Technical Committee CEN/TC 121 “Welding”,
the secretariat of which is held by DIN, in collaboration with Technical Committee 1ISO/TC 44 “Welding and
allied processes”.
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ISO 17641 consists of the following parts, under the general title Destructive tests on weld
erials — Hot cracking tests for weldments — Arc welding processes:

t 1: General
t 2: Self-restraint tests

it 3: Externally loaded tests'

pbrding to the CEN/CENELEC Internal Regulations, the national standards organizations of t
ntries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czec
mark, Estonia, Finland, France, Germany, Greece, Hungaty, Iceland, Ireland, Italy, Latvig
bmbourg, Malta, Netherlands, Norway, Poland, Portugal, ‘Slovakia, Slovenia, Spain, Sweden,
United Kingdom.
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, Lithuania,
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1 Part 3 will be published as a Technical Report with the same general title.
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This standard specifies the required specimens, the test piece dimensions and the procedures to be followed
to carry out self-restraint hot cracking tests.

The following tests are described:

T.jninf weld r‘rar‘l(ing test

—| Weld metal tensile test

—| Longitudinal bend test

The tests are designed to provide information about the hot cracking sensitivity,oftwweld metals. The tests are
no{ suitable for the assessment of parent materials.

The standard applies primarily to fully austenitic stainless steels; nickel,‘nickel base and nickel |copper weld
mdtals. The standard can also be used for other weld metals.

This standard describes only how to carry out the tests and report the results. It does not give any acceptance
criferia.

2 | Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
do¢ument (including any amendments) applies’

EN 876, Destructive tests on welds inrmetallic materials - Longitudinal tensile test on weld metal i fusion
welded joints

EN 910, Destructive tests on welds in metallic materials - Bend tests

EN 1597-1, Welding consumables - Test methods - Part 1: Test piece for all-weld metal test specimens in
steiel, nickel and nickel alloys

EN 10002-1, Metallic:materials - Tensile testing - Part 1: Method of test at ambient temperature

EN ISO 15614%1;- Specification and qualification of welding procedures for metallic materials - Welding
prdcedure tests Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys|(ISO 15614-
1:4004)

EN ISO"17641-1:2004, Destructive tests on welds in metallic materials - Hot cracking tests for weldments —
Art-welding-processes—Part1—Gonoral-1SO47644-1:2004)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN ISO 17641-1:2004 apply.

4 Symbols, designations and units

For the purposes of this European Standard, the symbols and units given in Table 1 apply.
© ISO 2005 — All rights reserved 1
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Table 1 - Symbols, designations and units
Symbol Designation Unit
T-joint weld cracking test
a1 Throat thickness of weld bead 1 mm
az Throat thickness of weld beat 2 mm
t Thickness of vertical plate, form C mm
t Thickness of horizontal plate, form C mm
\Weld-metal-tensile-test
d Specimen diameter mm
L Test length mm
Lo Measuring length on the test specimen mm
Le Measuring length on the test specimen after fracture @ mm
Ly Total length mm
Lvr Total crack length of all detected cracks > 0,1 mm mm
14 Length of an individual crack mm
MSI) Microcracks Sensitivity Indicator (Tensile test) P hm/mm?
Longitudinal bend test (LBT)

R Radius of the test specimen edges >1 mm
B Width of the test specimen mm
b1 Width of outside fusion line mm
I Length of an individual crack mm
Io Length of crack examination area before.bending mm
Lvr Total crack length of all detected eracks >0.1 mm
Ls Maximum width of the weld after machining mm
MSleT) Microcrack Sensitivity Indicator (Longitudinal Bend Test ) © mm/mm?
a8 X1+X2=L}, see Figure 4
bMSI =Lfel Loxdxm
CMSI = Lyl b x I,

5 Principle

Three testmethods are described which are designed to measure the sensitivity of weld metals to the types of

hot cracking described in clause 3. These test methods are described in Table 2.

In all cases the cracks are generated during the welding of the test pieces. The tensile test and longitudinal
bend test are subjected to additional straining, which does not generate any new cracks, but widens the
cracks formed during the welding, which enables them to be more easily detected and measured.
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Table 2 - Self-restraint hot cracking tests and applications

Type of Test Types of cracking Results Applications
Qualification of welding
_ioi consumables
ot Weld | soliication Qualitative
cracking tes Qualification test for welding
consumables
Solidification \I\Inlding Im'r\r*n:\rhm:\ nlllnlifir*nf n
Liquation Qualitative or quantitative if | Production weld coupontest
Weld metal Mi K Sensitivity Ind
tdnsile tests Icrocrack ensitivity Index | qualification of consimables
I MSlr) is used
Ductility dip Qualification test for welding
consumables
Solidification Welding, procedure qualification
Liquation Prodaction weld coupon test
Longitudinal Qualitative or quantitative if | qJglification of welfling
bend test MSIeT) is used tonsumables
Ductility dip o .
Qualification test for welfling
consumables
6 Description of the tests
6.1 T-joint weld cracking tests
6.1.1 [General
The tept procedure applies to a single pass_restrained fillet weld. It can be used with the manual [shielded
metal grc, gas metal arc and tungsten ar¢ welding processes. It is not suitable for high current procesges such
as submerged arc.
The tept method only provides a ‘qualitative assessment (cracks or no cracks) and has a comparatijvely low

sensitiyity.

6.1.2 |Dimension of thé-test pieces

Three fypes of test (A, B and C) are specified. Type A is the standard test piece. Types B and C are more

highly

estrainedand are used to simulate more severe conditions.

The dimensiens of the test pieces shall be as shown in Figure 1.

s [T TR (- 41 4 P 4 IR T T ! . (i
The te U PICLES STidll DT TIauc 1TTOUTTT Uic pdareriv Tratcrial TON WL e CUTISUTTIaulc 15 UTSIyiicu (LUl

approval test) or that which is to be used in a fabrication (procedure qualification test).

sumable

Type B requires the use of a 40 mm thick horizontal plate. If this is not available, then Type C, which uses 10
mm thick stiffeners welded on the horizontal plate, may be used. The thickness of the horizontal and vertical

plate and/or the stiffeners can be modified.
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Figure 1 a) Type A
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a Throat thickness (6 mm)
A Vertical plane

B Tack welds

C Weld bead 1

D Weld bead 2

E Horizontal plate

F Measuring points

Figure 1 b) Type B
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A Vertical plane

B Tadk welds

C Weld bead 1

D Weld bead 2

E Honzontal plate

F Megsuring points

G Stiffeners

a Varfable, depending on t

NOTH ti; t» It is recommended to use the thickness which is available or requested.

Figure 1 c) Type C

Figure 1 — T-joint weld cracking test type A, B and C

6.1.3 Preparation of the test pieces

Any gap between the vertical and horizontal plates will increase the risk of cracking in the test welds. It is,
therefore, important to obtain consistent contact between the two. Grinding or machining the contact faces
prior to welding may achieve this.

The test plates in the areas to be welded shall be clean and free from any grease, cutting fluids, paint or rust,
which could affect the test results.
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6.1.4 Welding of the test pieces

A sound tack weld shall be made on both end surfaces (see Figure 1) to fix the horizontal and vertical plates
at the correct 90 angle.

The test welds shall be made in accordance with a written welding procedure specification (WPS). This shall
be as specified in EN ISO 15614-1 or unless otherwise specified. The welding conditions and parameters
shall be appropriate to the parent materials and the welding consumables being used, and shall be designed
to achieve the minimum specified dimensions of the weld beads. Run-on and run-off plates may be used in
order to achieve a consistent weld profile along the overall specimen length.

The first weld bead (a4) shall be made as a continuous run in the horizontal vertical position PB with a throat

thickness qf not less than 5 mm. The second weld bead (a,) shall be started at an interval not exceeding|20 s
after completion of the first weld bead.
On completion of welding the slag (if any) of both fillet welds shall be removed. If hammering or grinding is

used to help slag removal, care should be taken to ensure that the surfaces of the weldsaré not damaged to

the extent

6.1.5 Ex3mination of the test piece

Prior to ex4
measuring
addition, th
120%. Fail

The fillet v
magpnificati
first weld b

Any cracks
crack shall

6.1.6 Test report

The test re
a suitable t

6.2 Wel

6.2.1

The test pfocedure applies to a multi-pass weld metal. It is suitable for all arc welding processes. The

method pr
(MSI(TT) ) is

General

hat any cracking is obscured.

points specified in Figure 1. Both welds shall satisfy the minimuth dimensions given in 6.1.4 a
e throat thickness of weld bead a, shall not exceed that ¢f the second bead (a,) by more
ire to meet the weld bead dimensional requirements shall:inyalidate the test.

eld of a valid test piece shall be examined for cracks. This shall be carried out visually
bn not exceeding x5. Liquid dye penetrant testing ‘'may be used as an aid to crack detection.
bad a4 shall be crack free.

found in the second weld bead a, shall be reported. The position, orientation and length of
be noted on a test report (see Annex A).

Sults may be reported in any-agreed form and shall make reference to this standard. An examp
bst report for T-joint weld(Cracking tests is given in Annex A.

H metal tensile test

bvides>qualitative assessment and quantitative assessments if the Microcrack Sensitivity |
used.

mining the test welds for cracks, the throat thickness of the welds a+’and a, shall be checked gt the

nd in
than

at a
The

pach

le of

test
hdex

Applying a load to rupture to a cylindrical all-weld metal test specimen taken from a butt weld opens cracks
initiated during welding.

6.2.2 Test specimen

6.2.2.1

Test weld

The test specimen shall be taken from any suitable butt weld large enough to accommodate the test specimen.
The butt weld may be that used for other tests, e.g. standard mechanical tests. It shall be made in accordance
with a written welding procedure specification (WPS). Unless otherwise specified, this shall be as specified in
EN ISO 15614-1.
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6.2.2.2 Test specimen

A 10 mm diameter standard tensile specimen in accordance with EN 10002-1 and EN 876 shall be machined
from the test weld (Figures 2 and 3). The parallel gauge length of the specimen shall consist entirely of weld
metal. The test plate cross sections can be macro-etched to ensure that only weld metal is tested. The

specimen shall be clearly identified using a method and in a position which will not affect the test results.

[N [N [
-— . |
e |
|
a) All-weld metal test piece according to EN 1597-1 b)\Butt weld test piece
Key
t Plafe thickness
Figure 2 — Extraction of weld metal tensile.test specimens from test pieces
A v
4 )
LO
LC
Ly
NOTE d =10 mm
Lo =50 mm
Lc=55mm
Ly >75 mm
Figure 3 - Weld metal tensile specimen
6.2.21.3— Testing

Unless otherwise specified, the tensile test shall be carried out in accordance with EN 876.

6.2.3 Examination of the test specimen

The examination shall be carried out in the area of the extended gauge length L, as shown in Figure 4 (This
region was the original L, prior to the test). It shall be carried out using suitable magnifying equipment, which
shall be sufficient to resolve cracks with a length of at least 0,1mm. The position, length and orientation of

such

cracks shall be noted on a test report (see Annex B).

© ISO 2005 — All rights reserved
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The Microcrack Sensitivity Indicator (Tensile Test) (MSlr)) may be used to provide a quantitative measure of
cracking sensitivity. The MSIr) is calculated as follows:

MSI(TT) = LMF/LO x 107
where
Lyr is the total length of all cracks of length 0,1mm or greater

L, is the measuring length on the test specimen

- _/
_..._{///WV////
Ry

X X,

NOTE L{=X1+X
Fiigure 4 - Area of examination L in a tested weld metal tensile specimen
6.2.4 Testreport

The test rg¢sults may be reported in any form and shall make reference to this standard. An example|of a
suitable te$t report for weld metal tensile test is given in Arnex B.

6.3 Longitudinal bend test

6.3.1 Geperal

The test pfocedure applies to a multicpass weld metal. It is suitable for all arc welding processes. Thg test
method prpvides qualitative assessmgents and quantitative assessments if the Microcrack Sensitivity Index
(MSI(LBT) ) s used.

Bending a|test specimen taken longitudinally from a butt weld opens up cracks initiated during welding| The
bending is|carried out in a\manner, which places one surface of the test specimen in tension.

6.3.2 Testweld

The test specimen shall be taken from a suitable butt weld large enough to accommodate the test specimen.
The butt wgld_may be that used for other tests, e.g. standard mechanical tests. The butt weld shall be made in
accordance with a written welding procedure specification (WPS). Unless otherwise specified, this shall be
according to EN I1ISO 15614-1.

6.3.3 Test specimen

The specimen having dimensions shown in Figure 4 shall be machined from the test weld (Figures 5 and 6) in
accordance with the requirements of EN 910 unless otherwise specified. The specimen shall be clearly
identified using a method and in a position which will not affect the test results.

8 © 1SO 2005 - All rights reserved
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Dimensions in millimetres,
surface roughness values in micrometres

Key

1  Direction of grinding

2 Ground

3 Area of hot cracks examination
4  Surface

NOTE1 For specimen bending: Bending mandrel @ = 20 mm, bending angle > 120°
NOTE|2 For specimen investigation: Under stereomicroscope 10 fold to 25 fold

Figure 5 - Longitudinal bend specimen

Dimensions in millimetres

IV
|

Key
b Butt weld test piece

Figure 6 - Extraction of longitudinal end test specimens from test piece
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6.3.4 Surface preparation

The specimen surface shall be prepared by machining and grinding in the longitudinal direction to a finish of
6,3 p or better. Surface marks perpendicular to the direction of welding, which might initiate spurious cracks,
shall be avoided. Corners shall be radiused as shown in Figure 4.

Light etchin

g may be used to reveal the weld area.

6.3.5 Testing

The bend t
shall be 20

6.3.6 Examination of the test specimen

The examinpation for cracks shall be carried out in the specified test area as shown in Figure 4*(This region is

defined by
equipment
cracks with
length and

The Microd
measure of

The MS'(LB'\

MS| e

Where

Lve is
(u

6.3.7 Testt report

The test re
a suitable t

the original L, prior to the test). The examination shall be carried out using ‘suitable magnifying
at a magnification range of x 10 to x 25. The magnification chosen shall be ‘sufficient to redolve
a length of at least 0,1mm. The magnification should be included in the test report. The position,
prientation of such cracks shall be noted on a test report (see Annex C):

rack Sensitivity Index (longitudinal bend test) MSlgr) may be used to provide a quantitative
cracking sensitivity.

y is calculated as follows:

y = LMF/b X Io

the total length of all cracks of 0,4mm or greater and b is the initial width of the specimen
ndeformed) = 40 mm and Iy is the initial length of the test area (undeformed) = 30 mm.

sults may be reported in“any agreed form and shall make reference to this standard. An exampje of
pst report for the longitudinal bend test is given in Annex C.
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Annex A
(informative)

Test report for T-joint weld cracking test

Accor ing 1o \WPS No-

Manufacturer:

Purpoge of examination:
Parenf metal:

Filler metal:

Magnification used:

Table A.1 — T-joint weld cracking test

Test
Spdcimen Dimensions Cracks
No}/form
Plates Fillet welds Number Length, Ls Positions
ts to ais ap
(mm) (mm) | (mm)\])(mm)

Examiner or examining body: Verified by:
(name, date and signature) (name, date and signature)
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