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Figure 1 — Radiographic films of specimens with identical occurrence of pores per volume unit

3.6
cross-sectional area
area to be considered after fracture or sectioning

3.7

smooth transition

even surface with no irregularities or sharpness at the transition between the weld bead and the parent
material and/or the adjacent welding bead(s)

3.8

fatigue class

FATx

classification reference to S-N curve

Note 1 to entry: x is the stress range in MPa at 2 - 10° cycles.
Note 2 to entry: Fatigue properties are described by S-N curves (stress-number of cycle-curves).

Note 3 to entry: See Annex B.

4 Symbols

a nominal throat thickness of the fillet weld (see also ISO 2553)

a, actual throat thickness (throat thickness of the finalized weld) (see ISO/TR 25901-1)

A area surrounding the gas pores

b width of weld reinforcement

d diameter of gas pore

dy diameter of area surrounding the gas pores

h height or width of imperfection

© 1S0 2023 - All rights reserved 3
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i penetration in fillet welds

l length of imperfection in longitudinal direction of the weld
L, length of projected or cross-sectional area

r radius of weld toe

s nominal butt weld thickness

t wall or plate thickness (nominal size)

Wy, width of the weld or width or height of the cross-sectional area
z leg length of a fillet weld (see also ISO 2553)

a angle of weld toe

B angle of angular misalignment

5 Assessment of imperfections
Limits for imperfections in accordance with ISO 6520-1 are given in Table 1.

If, for the detection of imperfections, macro-examination is used, only those imperfections shall be
considered which can be detected with a maximum of tenfold magnification. Excluded from this are
micro lack of fusion (see Table 1, 1.5) and microcracks (see Table 1, 2.2).

Systematic imperfections are only permitted in quality level D, provided the other requirements of
Table 1 are fulfilled.

A welded joint should usually be assessed separately for each individual type of imperfection (see
Table 1, 1.1 to 3.2).

Different types of imperfection occurring at any cross-section of the joint need special consideration
(see multiple imperfections in Table 1, 4.1).

The limits for multiple imperfections (see Table 1) are only applicable for cases where the requirements
for a single imperfection are not exceeded.

Any two adjacent imperfections separated by a distance smaller than the major dimension of the
smaller imperfection shall be considered as a single imperfection.

4 © IS0 2023 - All rights reserved
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Table 1 — Limits for imperfections

Reference . t Limits for imperfections for quality levels
N Imperfection
o. to designation Remarks
IS0 6520-1 g mm D c B
1 Surface imperfections
1.1 |100 Crack 20,5 Not permitted Not permitted Not permitted
1.2 |104 Crater crack >0,5 Not permitted Not permitted Not permitted
1.3 |2017 Surface pore On the weld face or the weld root 0,5to3 Butt welds Not permitted Not permitted
d<0,3
Maximum dimension of a single pore s
fillet welds
d<0,3a,
>3 Butt welds butt welds d < 0,2 s, | Not permitted
d <0,3 s, but max. |but max. 2 mm
3 mm fillet welds
fillet welds d<0,2a, butmax.
d<0,3 ay, but 2 mm
max.3 mm
1.4 2025 End crater pipe — butt welds 0,5to3 Butt welds Not permitted Not permitted
h<0,2s
d<0,3s
fillet welds
h<0,2ay,
d<0,3a,
— fillet welds >3 Butt welds Butt welds h < 0,1 s, | Not permitted
h<0,2s,but max. |but max. 1 mm
2
mm d<0,2 s, but max.
d<0,3s, butmax. |2 mm
3
mm fillet welds
fillet welds h<0,1a,, but max.
h<0,2ay, but 1 mm
.2
fmax. zmm d<0,2a,, but max.
d<0,3a, but 2 mm
max. 3 mm
1.5 |401 Lack of fusion (in- 20,5 Not permitted Not permitted Not permitted
complete fusion)
4014 Micro lack of Only detectable by micro examination (=50 x ) 20,5 Permitted Permitted Not permitted

fusion
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Table 1 (continued)

Limits for imperfections for quality levels

Reference Imperfection ¢
No. to deI;i nation Remarks
IS0 6520-1 g mm D c B
1.6 |4021 Incomplete root |Only for single side butt welds (full penetration) 20,5 Short Not permitted Not permitted
penetration imperfections:
h<0,2 tbut max.
W\ ANV 2 mm
ANNNNI=
)L
h
s?
1.7 |5011 Continuous un- Smooth transition is required. 0,5to3 Short Short Not permitted
dercut This is not regarded as a systematic imperfection. imperfections: imperfections:
h<0,2¢t h<0,1t
5012 Intermittent = >3 h<0,2t butmax. |[h<0,1¢t,butmax. |h<0,05¢ butmax.
undercut (short 1 mm 0,5 mm 0,5 mm
imperfection —
perieesen N7\
7
g .c
N
1.8 |5013 Shrinkage Smooth transition is required. 0,5to3 Short Short Not permitted
grooves imperfections: imperfections:
h<01t+02mm |h<0,1t
>3 Short Short Short
VA’\J‘X\ Y} — imperfections: imperfections: imperfections:
= h<0,2t butmax. |h<0,1¢ but h<0,05t, but max.
2 mm max.1 mm 0,5 mm
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Table 1 (continued)
Reference I . t Limits for imperfections for quality levels
mperfection
No. to designation Remarks
IS0 6520-1 g mm D c B
1.9 502 Excess weld Smooth transition is required between the capping run(s) and the plate >0,5 h<0,25b+1mm,|h<0,15b+1mm, |h<0,1b+1mm,
metal (butt weld) |surface and/or the adjacent welding bead(s) but max. 10 mm |butmax.7 mm but max. 5 mm
b
=
1.10 |503 Excessive convex- | Smooth transition is required between the cap of the weld and the plate >0,5 h<0,25b+1mm,|h<0,15b+1mm, |h<0,1b+1mm,
ity (fillet weld) surface and/or the adjacent welding bead(s) but max. 5 mm but max. 4 mm but max. 3 mm
1.11 |[504 Excessive pene- 0,5to 3 h<06b+1mm |h<0,3b+1mm h<0,1b+1mm

tration

>3

h<1,0b+1mm,
but max.5 mm

h<045b+1mm,
but max. 4 mm

h<0,2b+1mm,
but max. 3 mm
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Table 1 (continued)

Reference . t Limits for imperfections for quality levels
N Imperfection
0. to designation Remarks
IS0 6520-1 g mm D c B
1.12 {505 Incorrect weld — butt welds >0,5 a=90° a=110° a=150°
toe
Not applicable for the root
— fillet welds >0,5 a=90° a>100° a>110°
(V4%
S
a;zaanda, 2a
1.13 |506 Overlap b h 20,5 h<0,2b Not permitted Not permitted
1.14 |509 Sagging Smooth transition is required 0,5to3 Short Short Not permitted
imperfections: imperfections:
h<0,25¢t h<0,1t
t >3 Short Short Short
imperfections: imperfections: imperfections:
h ; h<0,25 t, but h<0,1t butmax. |h<0,05t butmax.
max. 2 mm 1mm 0,5 mm
SN
N\
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Table 1 (continued)
Reference I . t Limits for imperfections for quality levels
mperfection

No. to designation Remarks

IS0 6520-1 g mm D c B

511 Incompletely = * PR
filled groove ? ;/ /}\ 1{\ \}{ ~

1.15 |510 Burn through — 20,5 Not permitted Not permitted Not permitted
1.16 [512 Excessive asym- |In cases where an asymmetric fillet weld has not been prescribed. >0,5 h=<0,2a,+2mm |[h<015a,+2mm |h<0,15a,+1,5mm

metry of fillet
weld (excessive
unequal leg
length)

h=12, - 2|

h

s |-

Z3

v %

Z1 2%

Z3

Z 2
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Table 1 (continued)

Limits for imperfections for quality levels

Reference Imperfection ¢
No. to deI;i nation Remarks
IS0 6520-1 g mm D c B
1.17 |515 Root concavity Smooth transition is required. 0,5to3 h<0,1t+0,2mm |Short Not permitted
imperfections:
h<0,1t
>3 Short Short Short
V //}\ A \\} - imperfections: imperfections: imperfections:
= h<0,2t butmax. |h<0,1¢t butmax. |h<0,05¢ butmax.
t 2 mm 1mm 0,5 mm
<
h
(AN L~
<
1.18 |516 Root porosity Spongy formation at the root of a weld due to bubbling of the weld metalat |2 0,5 Acceptance Not permitted Not permitted
the moment of solidification (e.g. lack of gas backing) depends on
application, e.g.
material, corro-
sion protection
1.19 |517 Poor restart 20,5 Permitted Not permitted Not permitted
The limit depends
on the type of im-

==

perfection which
occurred due to
the restart
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Table 1 (continued)

Limits for imperfections for quality levels

Reference Imperfection ¢
No. to deI;i nation Remarks
IS0 6520-1 g mm D c B
1.20 |5213 Insufficient Not applicable to processes with proof of greater depth of penetration 0,5to3 Short Short Not permitted
throat thickness imperfections: imperfections:
h<0,1a+0,2mm|h<0,2mm
>3 Short Short Not permitted
y imperfections: imperfections:
\ h<0,1a+0,3mm, h<0,1a+0,3mm,
V W Q but max. 2 mm but max. 1 mm
\%/
1.21 |5214 Excessive throat |The actual throat thickness of the fillet weld is too large. >0,5 Permitted h<0,2a+1mm, h<0,15a+ 1 mm,
thickness but max. 4 mm but max. 3 mm
% %@ ®
\&
A
1.22 {601 Stray arc — >0,5 Permitted, if the |Notpermitted Not permitted
properties of the
parent metal are
not affected
1.23 | 602 Spatter — 20,5 Acceptance Acceptance Acceptance
depends on depends on depends on ap-
application, e.g. | application, e.g. plication, e.g. ma-
material, corro- |material, corrosion |terial, corrosion
sion protection protection protection
1.24 | 610 Temper colours — 20,5 Acceptance Acceptance Acceptance
(visible oxide depends on depends on depends on ap-
film) application, e.g. | application, e.g. plication, e.g. ma-
material, corro- |material, corrosion |terial, corrosion
sion protection |protection protection
2 Internal imperfections
2.1 |100 | Crack All types of cracks except microcracks and crater cracks 20,5 Not permitted Not permitted Not permitted

:L18S 0SI
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Table 1 (continued)

Reference . t Limits for imperfections for quality levels
N Imperfection
0. to designation Remarks
IS0 6520-1 g mm D c B
2.2 |1001 Microcrack A crack usually only visible under the microscope (250 x ) 20,5 Permitted Acceptance Acceptance
depends on type depends on type
of parent metal of parent metal
with particular with particular
reference to crack |reference to crack
sensitivity sensitivity
2.3 2011 Gas pore The following conditions and limits for imperfections shall be fulfilled. See
2012 Uniformly dis- also Annex A for information.
tributed porosity |al) Maximum dimension of the area of the imperfections (inclusive of 20,5 For single For single For single
systematic imperfection) related to the projected area. The porosity in the layer: <2,5% layer: < 1,5 % layer: <1 %
project area depends on the numbers of layers (volume of the weld). . . .
For multi- For multi- For multi-
layer: <5 % layer: <3 % layer: <2 %
a2) Maximum dimension of the cross-sectional area of the imperfections >0,5 <2,5% <1,5% <1%
(inclusive of systematic imperfection) related to the fracture area (only
applicable to test pieces: production test, welder or procedure qualification
tests)
b) Maximum dimension for a single pore for 20,5
— butt welds d<0,4s butmax. |d<0,3s butmax. [d<0,2s, but max.
. 5 mm 4 mm 3 mm
— fillet welds
d<0,4a, but d<0,3a, butmax. |d<0,2a, but
max. 5 mm 4 mm max. 3 mm
24 12013 Clustered (local- D 20,5 dy<25mm dy <20 mm dy<15mm
ized) porosity
or or or
d <w d <w d <w,/2
R A1 — > A ) A, max p A, max p A, max p
:
da dn
[F‘
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Table 1 (continued)
Reference I . t Limits for imperfections for quality levels
mperfection
No. to designation Remarks
1SO 6520-1 g mm D c B
dAc
D
¢/_
al A1 ~ 1 Y} A 2
= P
/
dar
LIV
ly

Reference length for /;is 100 mm.

The total gas pore area within the cluster is represented by a circle of diam-

eter d, surrounding all the gas pores.

The requirement for a single gas pore shall be met by all the gas pores with-

in this circle.

A permitted porous area shall be local. The possibility of the pore cluster

masking other imperfections shall be taken into consideration.

If D isless than d,q or d,,, whichever is smaller, then the total gas pore area

isrepresented by a circle of diameter d,¢, where dyc = dyq + dp, + D.

Systematic cluster porosity is not permitted.

d, corresponds to dyq, dy, or dyc, whichever is applicable.

2.5 |2014 Linear porosity |— butt welds >0,5 h<0,4s butmax. |h<0,3s,butmax. [h<0,2s, butmax.

4 mm 3 mm 2 mm
[ < s, but max. [ < s, but max. [ < s, but max.
75 mm 50 mm 25 mm

— fillet welds >0,5 h<0,4a butmax.|h<0,3ag butmax. |h<0,2a, butmax.

4 mm

[ < a, but max.
75 mm

3mm

[ < a, but max.
50 mm

2 mm

[ < a, but max.
25 mm
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Table 1 (continued)

Reference
to
IS0 6520-1

Imperfection
designation

Remarks

Limits for imperfections for quality levels

D

C

B

Case 1 (D>d,)

{
D
o O p O o
d,
d
[P
Case 2 (D <d,)
[
D

d4

b

Reference length for [, is 100 mm.
Forcasel:d;=h

Forcase2:d;+d,+D=h
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Table 1 (continued)
Reference 1 . t Limits for imperfections for quality levels
mperfection
No. to designation Remarks
1SO 6520-1 g mm D c B
2.6 |2015 Elongated cavity |— buttwelds >0,5 h<0,4s butmax. |h<0,3s,butmax. |h<0,2s butmax.
4 2
2016 Worm hole mm 3mm mm
[ < s, but max. [ < s, but max. [ < s, but max.
75 mm 50 mm 25 mm
— fillet welds >0,5 h<0,4a butmax.|h<0,3ag butmax. |h<0,2a, butmax.
4 mm 3mm 2 mm
[ < a, but max. [ < a, but max. [ < a, but max.
75 mm 50 mm 25 mm
2.7 1202 Shrinkage cavity — 20,5 Short Not permitted Not permitted
imperfections
permitted, but
not breaking of
the surfaces:
butt welds:
h<0,4s, but max.
4 mm
fillet welds:
h <0,4 a,but max.
4 mm
2.8 (2024 Crater pipe = 0,5t0 3 horl<0,2t Not permitted Not permitted
>3 horl<0,2tbut |Notpermitted Not permitted
- ‘i max. 2 mm
l
The larger value of h or I will be measured
29 (300 Solid inclusion — butt welds >0,5 h<0,4s butmax. |h<0,3s butmax. |h<0,2s butmax.
. . 4 mm 3 mm 2 mm
301 Slag inclusion
[ < s, but max. [ < s, but max. [ < s, but max.
75 mm 50 mm 25 mm
302 Flux inclusion — fillet welds >0,5 h<0,4a butmax.|h<0,3abutmax. |h<0,2a, but max.
S . 4 mm 3 mm 2 mm
303 Oxide inclusion

[ < a, but max.
75 mm

[ < a, but max.
50 mm

[ < a, but max.
25 mm

(A)€202Z:L18S 0SI
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= Table 1 (continued)
Reference . t Limits for imperfections for quality levels
N Imperfection
o. to designation Remarks
IS0 6520-1 g mm D c B
2.10 |304 Metallic inclusion |— butt welds >0,5 h<0,4s butmax. |h<0,3s butmax. |h<0,2s butmax.
other than copper 4 mm 3 mm 2 mm
— fillet welds >0,5 h<0,4a, butmax.|h<0,3abutmax. |h<0,2a, butmax.
4 mm 3 mm 2 mm
2.11 (3042 Copper inclusion — >0,5 Not permitted Not permitted Not permitted
2.12 401 Lack of fusion (in- 20,5 Short Not permitted Not permitted
complete fusion) \‘ imperfections
4011 Lack of side-wall permitted:
fusion \j butt welds:
h<0,4s, but max.

4012 Lack of inter-run 4mm
fusion fillet welds:
h <0,4 a but max.
4 mm

4013 Lack of root

Uud €Z02:LT8S OSI NI NS

>0,5 Short Not permitted Not permitted
imperfections:

h<0,2 a, but max.
2 mm

h
—
=
2.13 (4021 Incomplete root
penetration
%
vl

T-joint (fillet weld)




pasiasal sy [V — €20Z ANS @

SNV / licensed to 38384583 - CERN Organisation Européenne pour la Recherche Nucléaire / S106094 / 2024-03-28_12:23 / SN EN 1SO 5817:2023

paa1asal SIYSLI [V - £20Z 0SI @

L1

Table 1 (continued)
Reference I . t Limits for imperfections for quality levels
mperfection
No. to designation Remarks
IS0 6520-1 g mm D c B
402 Lack of penetra- 20,5 Short Short Not permitted
tion imperfections: imperfections:
h<0,2sor h<0,1sorh<0,1i
7‘/ A h<0,2ibutmax. |butmax. 1,5 mm
2mm
h
;
T-joint (partial penetration)
c| wn
B A4 e
e SN
N A -
=
Butt joint (partial penetration)
= 20,5 Short Not permitted Not permitted
—_— . imperfections:
VWA \§ [+~ h<0,2 t, but max.
~— 2mm

Butt joint (full penetration)
)L

h

NN
AN
VW\/k 4

T-joint (full penetration)

:L18S 0SI
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Table 1 (continued)
Reference . t Limits for imperfections for quality levels
N Imperfection
0. to designation Remarks
IS0 6520-1 g mm D c B
3 Imperfections in joint geometry
3.1 |507 Linear misalign- |The limits relate to deviations from the correct position. Unless otherwise
ment specified, the correct position is that when the centrelines coincide (see also
Clause 1). t refers to the smaller thickness.
5071 Linear misalign- 0,5to 3 h<0,25¢t+0,2mm|h<0,15¢t+0,2mm |h<0,1t+0,2mm
1
ment between NI INNEE >3 h<025t h<0,15t butmax. |h<0,1t, but max.
P N — but max. 5 mm 4 mm 3 mm
SENS
This applies for longitudinal welds in plates and hollow sections
5072 Linear misalign- = >0,5 h<0,5tbutmax. |h<0,5¢t butmax. |h<0,5¢ butmax.
ment between 4 mm 3mm 2 mm
tubes ~
“~
~~
N
L = S
This applies for circumferential welds in tubes and hollow sections
3.2 |617 Incorrect root gap | Gap between the parts to be joined. Gaps exceeding the appropriate limit 0,5to3 h<01a,+0,5mmfh<01a,+03mm h<01lay+
for fillet welds may, in certain cases, be compensated for by a corresponding increase in 0,2 mm
the throat thickness. >3 h<03a,+1mm,|h<02a,+0,5mm,|hs0,1a,+0,5mm,

but max. 4 mm

but max. 3 mm

but max. 2 mm
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Table 1 (continued)

Reference Imperfection t Limits for imperfections for quality levels
No. to deI;i nation Remarks
1S0 6520-1 8 mm D c B
4 Multiple imperfections
4.1 |None Multiple imper- |502 Excess weld metal 503 Excessive convexity 504 Excessive penetration, [0,5to 3 Not permitted Not permitted Not permitted
fections in any 505 Incorrect weld toe, 506 Overlap, 512 Excessive asymmetry of fillet weld . | X | . |
cross-section (excessive unequal leg length) and 5214 Excessive throat thickness are >3 Ma}xnmum tota Ma}xnmum tota M§x1mum tota
which reduce the |excluded height of height of height of
cross-section imperfections: imperfections: imperfections:
" Th<04t Yh<03tor<03a|Zh<0,2t
< or<0,4a or<0,2a

h3

Ilh2

hy+hy+h3+hy=%h
hy

2
q-é;\
q
3
v @7

hy+hy,+h;=%h
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Table 1 (continued)
Reference . t Limits for imperfections for quality levels
N Imperfection
0. to designation Remarks
IS0 6520-1 g mm D c B
4.2 |None Projected or Case1(D>13) 20,5 ThxI<16% ThxI<8% Thxl<4%

cross-sectional
area in longitudi-
nal direction

l l, ;3
g
S -
S1—53
D
b
hyx 1y + hyx I, + h3X Iy =Zhx1
Case2 (D<13)
l3
ly [,
g
al , -
> - 18 3
<
< y
{

hy + hy
hy X1y +hy X1, + 5 XD+ hyxl; =Xhxl

See also Annex A for information.

The sum of the areas X h x [ shall be calculated as a percentage to the evalua-
tion area I, x w, (case 1).

If D is smaller than the shorter length of one of the neighbouring imperfec-
tions, the full connection of the two imperfections shall be applied to the
sum of imperfections (case 2).
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