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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. 1ISO collaborates closely with the International Electrotechnical

Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodieg for voting.

Publication as

Attention is d
patent rights.

an International Standard requires approval by at least 75 % of the membethadies casting a vote.

awn to the possibility that some of the elements of this International Standard may be the subject of
SO shall not be held responsible for identifying any or all such patent.rights.

International $tandard 1SO 5173 was prepared by Technical Committee 1SQ/TC 44, Welding and allied [processes,

Subcommitte¢ SC 5, Testing and inspection of welds.

This second €

dition cancels and replaces the first edition (ISO 5173;1981), which has been technically re¢vised.
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Destructive tests on welds in metallic materials — Bend tests

1 Scope

This Inter

specimens|taken from butt welds, butt welds with cladding (subdivided into welds in clad plates-an
and cladding without butt welds in order to assess ductility and/or absence of imperfections- on

surface of

In addition
used insteq
significant

This Intern
fusion arc v

2 Term
For the pur|

2.1

face bend
specimen f
which the v

See Figure)
2.2

root bend
specimen f
applicable

See Figure)

2.3
transverse

tional Standard specifies a method for making transverse root, face and side bend

he joint. It also gives the dimensions of the test specimen.

d of transverse bend tests for heterogeneous assemblies when base materials and/or filler
lifference in their physical and mechanical properties in relation to bending.

ptional Standard applies to metallic materials in all forms of product with welded joints

s and definitions

poses of this International Standard, the followipgsterms and definitions apply.

test specimen for a butt weld, FBB

pr which the surface in tension is the side which contains the greater width of the weld or

elding arc was first applied, applicable to both transverse and longitudinal butt weld specin

5 1 and 3.

fest specimen for a’butt weld, RBB
or which the surface™in tension is the side opposite to that of the face butt weld bend t
0 both transverse and longitudinal butt weld specimens

5 1 and 3¢

side bend test specimen for a butt weld, SBB

tests on test
d clad welds)
r near to the

this International Standard specifies a method for making longitudinal reot-and face bend tests to be

metal have a

made by any

velding process. Side bend tests may be carried out when theywall thickness is greater thap 12 mm.

the side from
nens

bSt specimen,

specimen f

bryvzhich tha cirirfaca in tancinn ic 2 ~racc.cactinn nf tha wwald
SH—WHHeHtHEe-StHace- eSS a-EFESS-SecHo - Orte et

See Figure

2.4
face bend

2.

test specimen for cladding without a butt weld, FBC

specimen for which the cladding is in tension, applicable to both transverse and longitudinal specimens

See Figure
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2.5

side bend test specimen for cladding without a butt weld, SBC
specimen for which the cross-section of the cladding overlay is in tension, applicable to both transverse and
longitudinal specimens

See Figure 5.

2.6

face or side bend test specimen for cladding with a butt weld, FBCB or SBCB
specimen for which the cladding is in tension or for which the cross-section of the cladding overlay is in tension and
which contains a butt weld

See Figures §

3 Princip
Submitting a
bending it, wi
welded joint is

Unless othery

The test shall

and 7.

le

test specimen, taken transversely or longitudinally from a welded joint; to’ plastic defd
hout reversing the bending direction, in such a way that one of the surfaees or cross-sec
in tension.

ise specified, the test shall be carried out at ambient temperaturg. (23 £ 5) °C.

be made in accordance with one of the methods describedin clause 6.

rmation by
tions of the
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4 Symbols and abbreviations

4.1 Symbols

See Table 1 and Figures 1 to 17.

Table 1 — Symbols and designhations

Symbol Designation Unit
b Width of the test specimen mm
by Width of outside fusion line mm
d Diameter of the former mm
D Outside diameter of the pipe @ mm
I Distance between the rollers mm
Lf Initial distance between contact of the roller and the centre.ine of the weld mm
Lo Original gauge length mm
Ls Maximum width of the weld after machining mm
L¢ Total length of the test specimen mm
r Radius of the test specimen edges mm
R Radius of the rollers mm
t Thickness of the test piece mm
te Thickness of the cladding mm
ts Thickness of the test specimen mm
tw Thickness of the welded joint or base material under cladding mm
o Bending angle °
a2  Tlhe term "pipe", alone or in combination, is used to mean "pipe", "tube" or "hollow section (without redtangular
cross{ section)".

4.2 Abbfeviations

FBB Face bend test specimen for a butt weld

RBB Rootbendtest specimernfora buttwetd

SBB Transverse side bend test specimen for a butt weld

FBC Face bend test specimen for cladding without a butt weld

SBC Side bend test specimen for cladding without a butt weld

FBCB Face bend test specimen for cladding with a butt weld

SBCB Side bend test specimen for cladding with a butt weld

© I1SO 2000 — All rights reserved 3
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4.3 Figures corresponding to the abbreviations
Figures 1 to 7 represent bend test specimens for butt welds and cladding.

The edges shall be rounded to a radius, r, on the side where the surface is in tension.

w .

I
o

idure 1 — Transverse root and face bend test specimenfor a butt weld (RBB and FBB

Ly

Figure 2 — Transverse side bend test specimen for a butt weld (SBB)

4 © 1SO 2000 — All rights reserved
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a
S
Ly
m_b;g
Figure 3 — Longitudinal bend test specimen for a butttweld (RBB and FBB)
Ly b
Figure 4 — Face bend test specimen for cladding without a butt weld (FBC)

© I1SO 2000 — All rights reserved 5
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Figure 5 — Side bend test specimen for cladding without a butt weld (SBC)

Figure 6 — Face bend test specimen for cladding with a butt weld (FBCB)

6 © 1SO 2000 — All rights reserved
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b=t+t

5 Prep
51 Gen
Specimens
weld metal

5.2 Location

For transvs

Figure 7 — Side bend test specimen for cladding mith a butt weld (SBCB)

Aration of test specimens

oral

shall be prepared in such a mannerthat the preparation does not affect either the base material or the

rse bend testing of putt.welds the test specimen shall be taken transversely from the welded joint of the

manufactufled product or from‘the welded test piece in such a way that after machining the weld axis|will remain in

the centre

For longitu
the manufg

The locatio

bf the test specimen or at a suitable position for testing.

Hinal bend.testing of butt welds the test specimen shall be taken longitudinally from the welded joint of
ctured product or from the welded test piece.

h and orientation of bend test specimens of cladding shall be specified by the application gtandard or by

agreement

between the contracting parties

5.3 Marking

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

If required by the relevant application standard, the direction of working (e.g. rolling or extrusion) shall be marked.

Each test s

pecimen shall be marked to identify its exact location in the test piece from which it has been removed.

When removed from the test piece, each test specimen shall be marked.

© 1SO 2000 -
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5.4 Heat treatment and/or ageing
No heat treatment shall be applied to the welded joint or to the test specimen unless it is specified or permitted by
the relevant application standard dealing with the welded joint to be tested. Details of any heat treatment shall be

recorded in the test report. If natural ageing of aluminium alloys takes place, the time between welding and testing
shall be recorded.

5.5 Extraction

5.5.1 General

The mechanjal or thermal processes used to extract the test specimen shall not change the propertieg of the test
specimen in gny way.

5.5.2 Steel
Shearing shall not be used for thicknesses > 8 mm. If thermal cutting or other cutting méthods which ¢ould affect
the cut surfages are used to extract the test specimen from the welded plate, or from'the test piece, the cuts shall

be made at a|distance > 8 mm from the test specimen but in any case sufficient (depending on the prdcess used)
not to introdu¢e metallurgical effects which could affect the test results.

5.5.3 Other|metallic materials

Shearing and|thermal cutting are not permitted; only machining (e.g. sawing or milling) shall be used.
5.6 Size of specimens

5.6.1 Trans)erse root and face bend tests of a butt weld (RBB and FBB)
See Figure 8.

For transverse root and face bend tests the test'specimen thickness, ts, shall be equal to the thickness pf the base
material adjagent to the welded joint.

When a relevpant application standard fequires testing of a full thickness > 30 mm, several test specimgns may be
taken in orden to cover the full thickness of the joint.

In such casegq, the location of thejtest specimen in the welded joint thickness shall be identified.

5.6.2 Transperse side behd tests of a butt weld (SBB)

See Figure 9.

For side bend tests the test specimen width, b, shall be equal to the thickness of the base material of the welded
joint. The specimen shall have a thickness, tg, of at least (10 £ 0,5) mm and, in addition, shall be such that
b>15t.

The ratio between the thickness, ts, and the diameter of the former, d, shall conform to the requirements of the
relevant application standard.

When the joint thickness exceeds 40 mm, it is permissible to take several specimens from the welded joint, instead

of one only, provided the width, b, of each test specimen is in the range from 20 mm to 40 mm. In these cases the
location of the test specimen in the welded joint thickness shall be identified.

8 © 1SO 2000 — All rights reserved
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5.6.3 Longitudinal bend tests of a butt weld (RBB and FBB)

See Figure

10.

173:2000(E)

For longitudinal bend tests the test specimen thickness, ts, shall be equal to the thickness of the base material near
the welded joint. If the test piece thickness, t, is greater than 12 mm, the test specimen thickness, ts, shall be equal
to (12 £ 0,5) mm and the face or root of the weld shall be in tension.

5.6.4 Fac

See Figure

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

11.

For face bg¢nd tests the test specimen thickness, tg, shall be equal to the thickness of the base maLeriaI plus the
thickness df the cladding up to a maximum of 30 mm.

When the
the base m
as agreed

5.6.5 Sid
See Figure|
For side b

thickness
(10£0,5)

hickness of the base material plus cladding exceeds 30 mm, it is permissible’to-remove
aterial in order to produce a test specimen thickness, ts, in accordance with the applicatid
between the contracting parties.

e bend tests of cladding without a butt weld (SBC)

12.

bf the cladding up to a maximum of 30 mm. The specimen shall have a thickness, f
nm and, in addition, shall be such thatb > 1,5 t,.

When the thickness of the base material plus cladding exceeds 30 mm, it is permissible to remove

the base n
between th

aterial to produce a test specimen width, b, \in"accordance with the application standard
e contracting parties.

5.6.6 Trahsverse face bend tests of cladding-with a butt weld (FBCB)

See Figure|

For transvd
thickness @

In such a ¢
testing.

When the t
of the joint

13.

f the base material plusthe thickness of the cladding.

ase, the location @fithe weld shall remain in the middle of the test specimen or at a suitab

st concerns the complete joint incorporating both the butt joint and the cladding and when
pxceeds-30 mm, several specimens may be taken as described in 5.6.1 and Figure 1.

material from
n standard or

bnd tests the test specimen width, b, shall be equal to)the thickness of the base material plus the

s, of at least

material from
or as agreed

rse face bend tests of cladding with a butt weld the test specimen thickness, tg, shall b¢ equal to the

le position for

the thickness

When the |

urpose of the test is to examine the cladding only and when the thickness of the specime

n, ts, exceeds

30 mm, no

turther tests on the base maiterial are required.

Figures 8 to 13 represent the location of bend test specimens for butt welds and cladding.

© 1SO 2000 -
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Figure 8 — Root and face bend test specimens for a butt weld (RBB and, FBB)

b - b/fs ~
/]

Figure 9 — Side bend test specimens for a butt weld (SBB)

1) o W S

b
t =12 mm
fs
~~ -~
\ | "
b
t>12 mm t>12 mm

Position of the test specimen if the face is in tension Position of the test specimen if the root is in tension

Figure 10 — Longitudinal bend test specimens for a butt weld (RBB and FBB)

10 © 1SO 2000 — All rights reserved
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fS
b
Fo= F+ 1,
fs
b
= f > 30 mm
b> t
f¢ =30 mm
Figure 11 — Face bend,test specimens for cladding without a butt weld (FBC)

© 1SO 2000 — All rights reserved
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b
/ |
fS
b=1"1+1F

b
/-S

t# fo> 30 mm

b =30 mm
Figure 12 — Side bend test specimens for cladding without a butt weld (SBC)

12 © 1SO 2000 — All rights reserved
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A\

fS
~
b
Q
Ly
to=F+ 1t
fo = 30 mm
NOTE ft+t. >30 mm, see Figure 8.

Figure 13 — Transverse bend test specimens for cladding with a butt weld (FBCB

5.6.7 Dimensions

5.6.7.1 L ength

The length|L; of test specimens shall be L; > | + 2R and at least be such that the requirements of the appropriate

application|standards.are fulfilled.

5.6.7.2 Thickness

For the thickressts-see-5-6-1t0-5-6-6-

5.6.7.3  Width

a) Transverse root or face bend tests
1) For plates

— for steel, the width b of the test specimen shall not be less than 1,5 x tg, with @ minimum of 20 mm;

— for aluminium, copper and their alloys, the width b of the test specimen should be not less than 2ts,

with a minimum of 20 mm.

© 1SO 2000 — All rights reserved
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2) For pipes, the width b of the test specimen shall be a minimum of:

— for pipe diameters < 50 mm: t + 0,1 D (with a minimum of 8 mm);

— for pipe diameters > 50 mm: t + 0,05 D (with a minimum of 8 mm and a maximum of 40 mm).

NOTE For an outside diameter, D, > 25 x the wall thickness of the pipe, the specimen may be taken as required for the flat
plates.

b) Transverse side bend tests:

The width b gfthetestspetmmen shattgeneratty teequattothethickmessof thebase materiat rear the welded
joint.

c) Longitudinal bend tests:

The width b of the test specimen shall be:

b= LS - 2b1
Table 2 — Width of longitudinal bend specimhen
Dimensions in millimetrg¢s
Material ts b

(see Figure 3)

Steel <20 Ls+2x 10
> 20 Lg+2x 15

Aldminium, copper and their £ 20 Ls+2x15
allpys > 20 Lg+2x 25
NQTE The width of the specimen for other metallic materials is by agreement between theg
contracting parties.

5.6.7.4  Edpes

The edges of| the test specimen/on the face in tension shall be rounded by mechanical means to a radius r not
exceeding 0,4tg to a maximum’of 3 mm (see Figure 14).

5.6.8 Surfage preparation

The final stages-of preparatlon shall be obtamed by machmlng or grmdmg, smtable precautrons being taken to
avoid superficia g 14 to 16),
the surface shall be free from scratches or notches transverse to the test specimen direction except for undercut
which shall not be removed unless required by the relevant application standard and/or by agreement between the
contracting parties.

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.

14 © 1SO 2000 — All rights reserved
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itions of testing

6.1 Etching

173:2000(E)

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

6.2 Test

ing

6.2.1 Testing with aformer

See Figure)

The test sh
shall be at
loading gr3

former (thr¢e-point bending) perpendicularly to the test specimen surface.

5 14 to 16.

all be carried out by placing the test specimen on two supports consisting of parallel roll
the mid-point between the rollers, except for longitudinal bend tests. The test specimen sh
dually and continuously in the middle of the span, on the axis of the weld;»with a load

ers. The weld
all be bent by
applied by a

© 1SO 2000 -

All rights reserved
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d+2ts <l <d+4 3t

Figure 14 — Transverse face or root bend test

16 © 1SO 2000 — All rights reserved
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d+2tg <l <d+3tg

d>13Lg-tg

© 1SO 2000 — All rights reserved

Figure 15 — Transverse side bend test
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d+2ts <l <d+3tg

Figure 16 — Longitudinal bend test

18 © 1SO 2000 — All rights reserved
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