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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Destructive tests on welds in metallic materials — Bend
tests
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This document specifies a method for maklng transverse root, face and side bend tests on test

speci
clad

the td
dimet

In adq

for W
diffen

This

weldi
2 N
Therg

3 1
For th

ISOa

q

et

]

31

trans
TFBH
trans

Note 1

elds) and claddlng w1thout butt welds in order to reveal 1mperfect10ns on or nedr t
st specimen which is under tension during bend testing and/or assess ductility: It g
sions of the test specimen.

lition, this document specifies methods to be used instead of transverse/bend tests v
elded joints when base materials, heat affected zones and/or weld metal have
ence in their physical and mechanical properties in relation to bending.

locument applies to metallic materials in all forms of product\with welded joints
hg process.

ormative references

are no normative references in this document.

erms and definitions

e purposes of this document, the following terms and definitions apply.

$0 Online browsing platform:\available at https://www.iso.org/obp

C Electropedia: availableat https://www.electropedia.org/

verse face bend-test specimen for a butt weld

verse butt weld specimen where the face is in tension

to entry=See Figure 1.

3>

d plates and
he surface of
Iso gives the

vith a former
a significant

made by any

1d [EC maintain terminology databases for use in standardization at the following addresses:
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Dimensions in millimetres
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Note 1 to entr]

width of the test specimen
th of the test specimen

the test specimen edges
of the test piece
of the test specimen

Figure 1 — Transverse face bend test specimen for a butt weld (TFBB)

oot bend test specimen for a butt'weld
itt weld specimen where the rootis in tension

y: See Figure 2.
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b  width of the test specimen

L. tqtal length of the test specimen

r  rddius of the test specimen edges

t t:[ickness of the test piece

t, thickness of the test specimen

Figure 2 — Transverse root bend test specimen for a butt weld (TRBB)
3.3

trangverse side bend test specimen for a butt'weld

TSBB

specimen where the surface in tension is @cross-section of the weld

Note 1

to entry: See Figure 3.
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width of the test specimen

total length of the test specimen
radius of the test specimen edges
thickness of the test specimen

Figure 3 — Transverse side bend test specimen for a butt weld (TSBB)
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3.4

longitudinal face bend test specimen for a butt weld

LFBB

specimen where the direction is parallel to the butt weld direction and where the face is in tension

Note 1 to entr

y: See Figure 4
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Figure

3.5
longitudina
LRBB
specimen wh

Note 1 to entr]

3.6

face bend te
FBC
specimen for

y: See Figure 4.

e test specimen

width after machining
th of the test specimen
the test specimen edges
of the test piece

of the test specimen
utside fusion line

| root bend test specimienfor a butt weld

st specimen for cladding without a butt weld

i — Longitudinal face/root bend test specimen for a butt weld (LFBB and LRBB))

ere the direction isparallel to the butt weld direction and where the root is in tensio

which the cladding is in tension, applicable to both transverse and longitudinal spec

mens

Note 1 to entry: See Figure 5.
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Dimensions in millimetres
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thickness of the cladding

=t

Figure 5 — Face bend test specimenfor cladding without a butt weld (FB(

3.7
side bend test specimen for claddingwithout a butt weld

SBC
specimen for which the cross-section-of the cladding overlay is in tension, applicable to both transverse
and lgngitudinal specimens

Note 1 to entry: See Figure 6,
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Dimensions in millimetres
r

fe

fu

fs

width of the test specimen

total leng
radius of
thickness
thickness
thickness
thickness

face bend te
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Note 1 to entr]

th of the test specimen

the test specimen edges

of the test piece

of the test specimen

of parent material under cladding
of the cladding

st specimen for cladding with a butt weld
n1taining a butt weld where the cladding isin tension

y: See Figure 7.

igure 6 — Side bend test specimen for cladding without a butt weld (SBC)
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b  width of the test specimen

L. tqtal length of the test specimen

r  rddius of the test specimen edges

t  thickness of the test piece

t, thickness of the test specimen

t. thickness of the cladding

Figure 7 — Face bend test specimen for cladding with a butt weld (FBCB}

39

side bend test specimen for cladding with a butt weld

SBCB

specifnen containing a butt weldwhere the cross-section of the cladding is in tension

Note 1

to entry: See Figure 8.
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Figure 8 — Side bend test specimen for cladding with a butt weld (SBCB)
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4 Symbols and abbreviated terms

Table 1 — Symbols

Symbol Designation Unit

A minimum percentage elongation after fracture required by the parent material %
specification

b width of the test specimen mm

b, width of outside fusion line mm

d diameter of the former or the inner roller mm

D outside diameter of the pipe? mIIn

1 distance between the rollers mlln

Ly length of additional backing plate mrln

Le initial distance between contact of the roller and the centre line of the weld mlin

L, original gauge length mrin

L, maximum width of the weld after machining mrln

L, total length of the test specimen mlln

r radius of the test specimen edges mrln

rp plunger radius mlin

I die radius mrin

R radius of the rollers mrln

t thickness of the test piece mlln

t. thickness of the cladding mrln

ty thickness of additional backing plate mlin

t, thickness of the test specimen mrin

tw thickness of parent material underCladding min
a bending angle °

a Th;: term {pipe”, alone or in combination, is used to mean “pipe”, “tube” or “hollow section (without rectangulai cross
section)”.

5 Princiy

Submitting
deformation
surfaces or ¢

e

The temperjtnure atwhich the tests are carried out shall be recorded (see Clause 9).
The testing

eed should be constant and recorded when known (see Clause 9)

W test specimén) taken transversely or longitudinally from a welded joint, to pglastic
by bending\it; without reversing the bending direction, in such a way that one ¢f the
ross-sections of the welded joint is in tension.

The test shall be made in accordance with one of the methods described in Clause 7.

6 Preparation of test specimens

6.1 General

Specimens shall be prepared in such a manner that the preparation does not affect either the parent
material or the weld metal.

© IS0 2023 - All rights reserved
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6.2 Location

For transverse bend testing of butt welds, the test specimen shall be taken transversely from the welded
joint of the manufactured product or from the welded test piece in such a way that after machining the
weld axis will remain in the centre of the test specimen or at a suitable position for testing.

For longitudinal bend testing of butt welds, the test specimen shall be taken longitudinally from the
welded joint of the manufactured product or from the welded test piece.

The location and orientation of bend test specimens of cladding material shall be specified by the
application standard or by agreement between the contracting parties.

6.3 [Marking

Each fest piece shall be marked to identify its exact location in the manufactured product ¢r in the joint
from which it has been removed.

If reqpired by the relevant application standard, the direction of working (e.g/volling or ex{rusion) shall
be marked.

Each test specimen shall be marked to identify its exact location in thetest piece from whigh it has been
removyed.

6.4 |Heat treatment and/or ageing

No hdat treatment shall be applied to the welded joint oy to the test specimen unless it i specified or
permjtted by the relevant application standard dealingwith the welded joint to be tested. Details of any
heat §reatment shall be recorded in the test reporflf natural ageing of aluminium alloyg takes place,
the time between welding and testing shall be recerded.

6.5 |Extraction

The mechanical or thermal processestused to extract the test specimen shall not change the properties
of thq test specimen in any way. Any-material that is affected by thermal cutting or shearing shall be
mechpnically removed.

6.6 [Specimen size

6.6.1| TransverseToot and face bend tests of a butt weld (TRBB and TFBB)

For tifansverse-rqot and face bend tests, the test specimen thickness, t,, shall be equal to the thickness
of thq parent\inaterial adjacent to the welded joint up to a maximum thickness of 30 mm. If the test
piecelthickiess, t, is greater than 10 mm, the test specimen thickness, t,, may be machined jor otherwise
mechpnically finished from one side to a thickness equal to (10 + 0,5) mm as indicated in Figures 1 and

2 Th facaorraotaofthawoald chall hain tancion vwhaon tho cnaciman 1c hant
L. eTace-6++0-6 —HE-WertStar B e te RSO - W htne-SpeeHieni5obeht

When a relevant application standard requires testing of a full thickness > 10 mm, several test
specimens may be taken in order to cover the full thickness of the joint as indicated in Figure 9.

In such cases, the location of the test specimen in the welded joint thickness shall be identified.

6.6.2 Transverse side bend tests of a butt weld (TSBB)

For side bend tests, the test specimen width, b, shall be equal to the thickness of the parent material of
the welded joint. The specimen shall have a thickness, t,, equal to (10 + 0,5) mm as indicated in Figure 3,
unless otherwise specified in the relevant application standard.

©1S0 2023 - All rights reserved 9
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When the joint thickness exceeds 40 mm, the specimen may be split in the plane of the test piece
thickness as shown in Figure 10. In these cases, the location of the test specimen in the welded joint
thickness shall be identified

6.6.3 Longitudinal bend tests of a butt weld (LFBB and LRBB)

For longitudinal bend tests, the test specimen thickness, ¢, shall be equal to the thickness of the parent
material near the welded joint, but should not exceed 10 mm. If the test piece thickness, t, is greater
than 10 mm, the test specimen thickness, t,, may be machined or otherwise mechanically finished from
one side to a thickness equal to (10 + 0,5) mm as indicated in Figure 4. The face or root of the weld shall

be in tension

When a rele
specimens nj

6.6.4 Face

when the specimen is bent.

ay be taken in order to cover the full thickness of the joint as indicated in Figure 9

bend tests of cladding material without a butt weld (FBC)

For face bend tests, the test specimen thickness, t,, shall be equal to the thicknesS of the base ma

t,, plus the t
is greater th
finished fron

When the th
removed to ¢

6.6.5 Side

For side ben|
plus the thic
equal to (10
standard.

When the th
removed to d

6.6.6 Tran

For transver
equal to the
exceed 10 m
be equal to (

In such a cag
position for

hickness of the cladding, t., but should not exceed 10 mm. If thé-test piece thickn

1 the base metal to a thickness equal to (10 = 0,5) mm as indicated in Figure 5.

btain a test specimen thickness, t..

bend tests of cladding material without a butttweld (SBC)

t+ 0,5) mm as indicated in Figure 6, unléss otherwise specified in the relevant appli

btain a test specimen thickness; ¢,

sverse face bend tests\of cladding material with a butt weld (FBCB)

se face bend tests‘of cladding with a butt weld, the test specimen thickness, ¢, sh|
thickness of the-parent material, tw, plus the thickness of the cladding, ¢, but shou
m. If the testpiece thickness, ¢, is greater than 10 mm, the test specimen thickness, t
[0 + 0,5) mm-as indicated in Figure 7, if cladding thickness permits.

Festing. When the test concerns the complete joint incorporating both the butt joir

the cladding

and when the thickness of the joint is greater than ¢,, several specimens may be tal

vant application standard requires testing of a full thickness > 10 mm, seyera

an 10 mm, the test specimen thickness, t,, may be machined ox 6therwise mechar

ickness of the parent material plus cladding is greater_than ¢, parent material m

d tests, the test specimen width, b, shall be;equal to the thickness of the base mg
kness of the cladding, up to a maximum of40 mm. The specimen shall have a thickng

ickness of the parent material\plus cladding exceeds 40 mm, parent material m|

| test

terial,
Ess, t,
ically

ay be

terial
Ss, t,
ration

ay be

all be

d not
, may

e, the location of the weld shall remain in the middle of the test specimen or at a sulitable

t and
fen as

described in

6.6.1 and Figure 9.

When the purpose of the test is to examine the cladding only and when the thickness of the parent
material plus cladding is greater than ¢, no further tests on the parent material are required.

10
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~_ " )
fs

~_"" )
f
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Figure 9 — Root and face bend test specimens for a butt weld (TFBB, TRBB, LFBB, [LRBB and
FBCB)

fs

fs 'Q&
] ) L) .

AN

Q

Figure 10 — Side bend test speciniens for a butt weld (TSBB and SBCB)

6.6.7| Side bend tests of cladding material with a butt weld (SBCB)

For side bend tests of cladding with a butt weld, the test specimen width, b, shall be equpl to the test
piecelthickness, t (thickness of theparent material, ¢,, plus cladding, ¢ ), up to a maximum of 40 mm. The
specinen shall have a thickness;’t,, equal to (10 £ 0,5) mm as indicated in Figure 8, unless otherwise
specified in the relevant application standard.

Wher] the test piece thickness, t, exceeds 40 mm, the specimen may be split in the plane of the test piece
thickhess as describedin 6.6.2 and Figure 10.

6.6.8| Dimensions

6.6.8]1 ““Length

The total length, L,, of test specimens shall conform to the value obtained with Formula (1):

L.21+2R (@8]

6.6.8.2 Thickness

The thickness of test specimens, t, shall be in accordance with 6.6.1 to 6.6.7.

©1S0 2023 - All rights reserved 11
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6.6.8.3 Width
a) Transverse root or face bend tests:

1) for plates: the width, b, of the test specimen shall be 4¢, or greater, unless otherwise specified
in the relevant application standard;

2) for pipes, the width, b, of the test specimen shall be:

— for pipes with diameter less than 25 mm, the width of the bend specimens may be that
obtained by cutting the pipe into half or preferably quarter sections. These specimens are
not required to have one surface machined flat as shown in Figures 1 and 2;

or outside pipe diameter from 25 mm to 50 mm: b =t + 0,1 D (minimum width 8 mmi);

or outside pipe diameter > 50 mm: b = t + 0,05 D (minimum width 8 mm, but,shou|d not
xceed 40 mm).

tside diameter, D, > 25 times the wall thickness of the pipe, the specimen may be taken as
for the flat plates.

se side bend tests: the width, b, of the test specimen should he‘equal to the thickness of
t material near the welded joint, unless otherwise specified in the relevant appli¢ation
and/or by agreement between the contracting parties.

b) Transve

inal bend tests: the width, b, of the test specimen shallbe b = L, + 2 by, where, b;= 15 mm,
unless ofherwise specified in the relevant application standard and/or by agreement betwe¢n the
contractjing parties.

6.6.8.4 Edpges

The edges offthe test specimen on the face in tensiofishall be rounded by mechanical means to a radius,
r, not exceedjng 0,2 t, to a maximum of 3 mm (see Figure 1 to Figure 8).

The rounding shall be made so that no transverse burrs, scratches or marks are formed which might
adversely afflect the test results.

However, tesfing a test piece, the edges of which have not been rounded, is acceptable, provided thiat the
result is satigfactory.

6.6.9 Surface preparation

The final stages of preparation shall be obtained by machining or grinding, taking suitable precaytions
to avoid superficial \styain hardening or excessive heating of the material. Within the length, |/ (see
Figure 11 td Figuze. 13), the surface shall be free from scratches or notches transverse to the test
specimen difection, except for undercuts, which shall not be removed unless required by the re1evant
application standard

The surfaces of the test specimen shall be machined in such a way that, unless otherwise specified in
the relevant application standard and/or by agreement between the contracting parties, all excess weld
metal is removed. Unless otherwise specified, the penetration bead may be left intact inside pipes of
small diameter on the opposite side of the former.

7 Conditions of testing

7.1 Etching

Before starting the bend test, the shape and the position of the fusion zone or fusion line may be
established by lightly macro etching the surface of the test specimen to be tested in tension.

12 © IS0 2023 - All rights reserved
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Testing

General

Testing of bend test specimens can be carried out in general with a former (see 7.2.2) or with a roller
(see 7.2.3).

In case of welded joints, for which the parent materials, heat affected zones and/or weld metal have
significant difference in their physical and mechanical properties in relation to bending, transverse
and side bend testing of specimen TFBB, TRBB, TSBB, FBCB and SBCB with a former could result in
non-uniform bending of the bend specimen. Thus, a localization of strains occurs and may result in

prem

To av
testin

rture faiture; without the presence of any wetd faiture:

pid this phenomenon, alternative test methods like bend testing with a roller~(see
g with backing plate (see 7.2.4) or longitudinal bend testing are recommended.!

The material dependent diameter of former or roller is defined in 7.3. All other.geometric

of tes

7.2.2
The t

I methods are defined in 7.2.2 to 7.2.4 and 7.4.

Testing with a former

st shall be carried out by placing the test specimen on twe-supports consisting of pg

(see H

The 4
for lo
the m

perpe
Ther

Iy

Iy

igure 11 to Figure 13) or U-type jig (see Figure 14).

xis of weld shall be at the mid-point between the rollers respectively supporting p
hgitudinal bend tests. The test specimen shall bedent by loading gradually and co}
iddle of the span, on the axis of the weld, with*a\load applied by a former (three-pq
ndicular to the test specimen surface.

hdius of the plunger and die for the U-typejig shall be equal to the Formulae (2) and |
=d/2

=rp+itg+2

7.2.3), bend

al conditions

irallel rollers

oints, except
htinuously in
int bending)
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Figure 12 — Transverse side bend test
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Figure 13 — Longitudinal bend test
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Dimensions in millimetres
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Figure 14 — Example of shape of U-type jig for bend test

7.2.3| Testing with a rolter

See Flgure 15. For Figarg15, the requirement 0,7 d < Ly < 0,9 d applies.

The test shall be carried out by firmly clamping one end of the test specimen in a testing device having
a roller the axis,of which is parallel to a former. The test specimen shall be bent by loading, gradually
and cpntinueusly, by means of the rotation of the outer roller through an arc centred on the axis of the
formqr.
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rigure 1o — Method ol bend testing using a roller

7.2.4 Bend testing with backing plate

The test shall be carried out with an additional backing plate located between the test specimen and
the parallel rollers, see Figure 16:
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Figure 16 — Bending test with backing plate

Dimensions of additional backing plate should be comparable to that of the bend specimen, see
Figure 17. The length of the backing plate, L, should be > L,.

Backing plates should have the same or comparable mechanical properties as the parent material.
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7.3 Diamg¢
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100

d=—

A
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For a parent
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specified in {

For minimun
to achieve th
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For combina

7.4 Distance between and radius of parallel rollers

The distance
with Formul

pter of former and roller

I of the former or the inner roller, d, shall be equal to 4 ¢, for parent metal with min
longation after fracture A = 20 %. For parent metal with elongation A < 20 %, Formu

Figure 17 — Backing plate geometry

, hickel and nickel alloys

ed unless otherwise specified in the relevant application stahdard:

s ¢
s

ions of different parent materials, the lowest valde of A shall be used.

hinium and its alloys

metal with minimum percentage elongation after fracture A > 5 %, the diameter
e inner roller shall be according te the value obtained with Formula (4) unless othe
he relevant application standards

h percentage elongation after'fracture < 5 %, annealing shall be carried out before t
e lowest-strength condition for the alloy. The former diameter shall be calculated
annealed condition.

ions of different’parent materials, the lowest value of A shall be used.

between'rollers, I, in Figure 11, Figure 12 and Figure 13 shall be equal to the value obt

n (59:

imum

la (4)

(4)

bf the
rwise

bsting
yith A

ained

d+2t, +

== a+ 3,58,

(5)

The distance between rollers, [, in Figure 16 shall be equal to the value obtained with Formula (6):

d+2(t, +

ty) +1<l<d+35(,+t)

The radius of rollers, R, in Figures 11, Figure 12, Figure 13 and Figure 16 shall be 20 mm or more.

20

(6)
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