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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
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Introduction

This document has been derived from the main results given in Reference [28] which was previously
published as XIII-2510-13. It constitutes the considered judgment of experts on fatigue in welded joints
assuming thicker plates in steel. For further or more detailed information, see Reference [28].

This document is applicable where fatigue assessment is assumed to be based on either the nominal
stress approach or structural stress approach as defined by References [1] and [2]. More refined
fatigue assessment methods based on notch stress concepts or fracture mechanics already included
the-abili i i i i nd are not

specifically covered by this document.

It is assumed that the user has a working knowledge of the basics of fatigue and fractdtre-me¢hanics. In
soe cases, working knowledge of finite element analysis is also needed. The recommendations and
gujdelines are considered to reflect the fatigue strength of the welded joint itself with a defineld survival
probability but without environmental effects. They are thus applicable to many industrial [sectors. It
is assumed that the user will apply good principals of limit state structuraldesign. Appropriate partial
safety factors for load and resistance are to be applied depending on theindustry. This document does
not define the partial safety factors for load or resistance to be used in{fatigue assessment.

© IS0 2017 - All rights reserved v
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Guidelines on weld quality in relationship to fatigue
strength

Thiis document is applicable to fusion (arc and/or beam welding) welded steel platé-type 3
ying a thickness of >3 mm, which are subjected to cyclic loading.

Due to lack of experimental data for aluminium welds and ultra-high strength steels, t
stilength (or S-N) curves apply only to structural steel up to a maximumespecified yield s

96
Th

D MPa.

 acceptance criteria in this document may be applied to higher strength steels, stainless

cefftain concepts to 5000 and 6000 series of aluminium alloys which are commonly used

st
sp

2
Th

Fo

ecial testing.

Normative references

re are no normative references in this document:

Terms and definitions

" the purposes of this document, thefollowing terms and definitions apply.

ISQ and IEC maintain terminological’databases for use in standardization at the following ad

3.1
co
mi

[SO Online browsing platferm: available at http://www.iso.org/obp

IEC Electropedia: ayailable at http://www.electropedia.org/

dlap
rro lack of fusion

region of non~fused overlap (3.7) between the weld metal and base plate which resultsinanim

pa
3.3

Fallel te-thie base plate

elation to

tructures

he fatigue
‘rength of

steels and
in welded

uctures. In the absence of relevant published data, it is recommended that this be quantified by

lresses:

berfection

ef

cfivanotch ctrocc
CTIve IOttt 5STtroy

elastic notch stress calculated for a notch with a certain assumed notch radius

3.3
improved welds
welds for which the weld toe is treated after welding by a grinding, re-melting or peening operation

No

te 1 to entry: IIW guidelines for select post-weld treatment methods have been published.

3.4

inclusion

slag inclusion

non-metallic material entrapped in molten metal during solidification

©lI
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3.5

high quality weld
weld with a lower level of imperfections such that it has fatigue strength greater than that defined in
the [IW guidelines and recommendations with respect to nominal stress, hot spot stress (3.9) or effective
notch stress (3.2)

Note 1 to entry: The improvement in fatigue strength is normally two FAT classes.

Note 2 to entry: Used in some standards.

3.6

normal gpality weld

weld for which the level of imperfections is such that it satisfies the fatigue strength requirement

defined inf the IIW guidelines and recommendations with respect to nominal stress, hot spot stress (3.9)

or effective notch stress (3.2)

3.7

overlap

protrusion of weld metal beyond the weld toe or weld root

Note 1 to eptry: An overlap may be fused or non-fused. A toe overlap without fusion’between the weld metal and

base plate |s the same as a cold lap (3.1).

3.8

porosity

cavities of pores caused by gas entrapment in molten metal during solidification

39

structurgl stress

geometrig stress

hot spot gtress

stress in 4 component, resolved to take into account the effects of a structural discontinuity on the

surface atja hot spot, consisting of membrane and-shell bending stress components

3.10

undercut

unfilled groove along the fusion line hetween weld metal and base plate

4 Symbols and abbreviated terms

Symbo Designation

FAT All fatiguedresistance data at 2 million cycles. The FAT classes are given as characteristic valups,
whichare assumed to represent a survival probability of atleast 95 %, calculated from mean value
on the'basis of a two-sided 75 % tolerance limits of the mean. Other existing definitions as e.g. a
supvival probability of 95 % on the basis of 95 % one-side limit of the mean or means minus tyo
standard deviations corresponding to a survival probability of 97,7 % are practically equal for
engineering applications.
Levels are arranged in steps.

km stress magnification factor for misalignment

Nt cycles to failure

ASor Ao nominal stress range, acting on a structure

AScor Ao. |characteristic nominal (resistance) stress range in MPa (see FAT above), but is a continuous vari-
able when FAT are given in steps

I weld penetration

R weld toe radius

ai initial crack dimensions

t thickness of plate

2 © IS0 2017 - All rights reserved
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Symbol Designation
eorm misalignment between plates
u undercut at weld toe
a angle of weld
a throat size of weld
s s-measure from plate surface to butt joint weld penetration
5 Background
5.1 General
Typical fabricated structures may have hundreds or even thousands of meters-6f-weld. Thus, many
potential fatigue cracking locations are present which should be considered during.design deyelopment
anfl production. The challenge is to optimize a design so that the welds have stifficient fatigu¢ strength
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 fabrication quality to withstand the loads during the economic life,6f)the structure d
hipment. Quality systems for welds are described in so-called weld class systems, such as IS
Reference [50]. In these systems, acceptance limits are given for different weld geometry ff
perfections. Based on these limits, a weld is associated with a quality level, e.g. B, C or D. In
h quality level, B, is assumed to perform better during service than a weld witha C or D qu
e problem with the existing weld quality systems is that they were initially developed as

‘sood workmanship” with respect to fabrication, i.e. as’a‘measure of the skill of the ind
chine performing the operation. As such, they have been incorporated into a number (
1 education programs for welders and weld inspe€tors. However, numerous studies h3
it the link between the existing weld quality clas§és and fatigue performance is not cons

luence on fatigue strength. For features which'do influence fatigue strength, the acceptan

ighly affected by the local geometric features and imperfections of the weld, systems likg
ld have been a good tool for qualitysneasures regarding fatigue.

signers of welded structures, dnjthe other hand, think of weld quality in terms of per
en called “design for purpose”. In this realm, quality would mean that a weld is able t
required function during-the economic life of the component or structure. The require
y be a major like resistance to fatigue failure, sufficient strength with respect to extrg
‘meability or corrosien resistance or the required function could be a minor functional prd
dness, resistance to-abrasion, visual appearance or surface finish. This way of thinking is

wi
0]
co
th
m

th modern designyguidelines for structures which are based on limit state design consi
important feature of limit state design is the existence of clearly identified conditions or
stitute failufe or feasibility for a structure. For a designer, any discussion of quality sha
definition of weld quality with the limit state(s) that quantify failure. Fatigue strength is
st dentanding limit state design criteria for welded structures.

r piece of
0 5817[12]
batures or
fuitively, a
hlity level.
h measure
ividual or
f training
ve shown
istent.[16]

[33] Some acceptance criteria for some weld fedtures or imperfections are found to have little or no

Ce criteria

fween quality classes, do not result in uniform changes in the fatigue strength. Realizing that fatigue

ISO 5817

formance,
b perform
1 function
me loads,
perty like
ronsistent

derations.

imits that
uld relate
one of the

ign for purpose

The characteristic of the predominant load on the component is a major guiding consideration when
formulating quality guidelines for load-carrying structures. For predominantly statically loaded welds,
design calculations are based on the average stress in the weld net area. For this reason, ductility of the
heat-affected zone (HAZ) and weld metal and sufficient weld throat thickness are the most important
features. Imperfections like porosity, undercuts or cold laps have very little influence on the static
capacity as long as the weld is ductile and the imperfections are small enough so as not to significantly
reduce the weld cross-sectional area. Thus, ISO 5817 includes many acceptance criteria which are
not relevant for static loaded joints. Throat thickness is by far the most significant geometric feature
of a weld subjected to predominantly static loading. Weld type (butt, fillet, V-weld, K-weld), does not
significantly influence strength for equal throat thickness.

©lI
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Ductility and throat thickness are ensured by pre-production tests to validate the welding procedure
specification (WPS). The same specification should ensure that crack-like imperfections are not formed
during welding. For welded structures in high strength steel, matching or overmatching of the weld
metal strength may be difficult to achieve. In this case, insufficient static strength of the filler material
can be compensated by adding filler material. Loss of ductility, however, cannot always be compensated
for by adding material so this is considered to be the most important basic requirement of welding.
Joint ductility is assumed in all types of structural durability assessment. The WPS provides a guideline
which ensures the deformation capacity and strength of the joint. Thus, when defining the welding
parameters, it is important to prioritize those parameters that produce required quality. Following
this, aspects which improve productivity can be considered. Some structures will naturally have only

very low [oad carrying requirements and in these cases, optimization of production costs can pr
significanf savings for fabrication. One example of this type of weld may be, for example, long\fix
welds in sgatically loaded structures.

For predo

inantly fatigue loaded structures, the demands of ductility and sufficient throat thickn

are to be maintained. But, because fatigue strength is significantly influenced by the localcharacterist
of the joint, extra requirements with respect to weld geometry and imperfections,are imposed.
addition tp throat thickness and ductility, Reference [23], for example, identifies«seven additional w

features

toe trans
that in so
micro lacl
the defini
consisten
a*, is defi
fillet weld
Porosity i
cluster. W
strength,
meeting |

a throat

hich strongly influence fatigue strength: penetration, cold lap size, inner lack of fusion, w|
ion radius, undercut size, joint misalignment and porosity (seeEiglre 1). It can be no
ne technical literature, the cold lap imperfection in Figure 1 i§ sometimes referred to a
x of fusion or a non-fused overlap. In technical literature, there is some inconsistency as
Fion of throat thickness, g, for partially penetrated weldsn‘this document, the definitior
with the Eurocodes, i.e. weld throat thickness also includés the penetration. The fillet si
hed as being measured from the intersection of the plates as shown in Figure 1. Thus,
s with no penetration, a = a*, and for fillet welds with.penetration, a, approximately a* + i/
5 categorized based on pore location, diameter.attd whether the pores occur singly or a
eld angle can have an influence on fatigue strength. However, for fillet welds with high fatig
weld angle is less important than weld toesradius. For welds which have fatigue streng
W Recommendations, a = 120° is sufficient.

ng
ng

PSS
ics
In
eld
eld
ed
S a
to
I iS
ze,
for
/2.
S a
ue
rth

thickness

a* fillet size

ap coldlap length

a weld angle

i weld penetration

r weldt
u depth

oe radius
of undercut

Figure 1 — Fillet weld geometry features which significantly influence fatigue strength
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Root side fatigue can be the result of poor design or improper WPS. If a full penetration weld is not
designated, lack of penetration may serve as a large initial defect. The greater defect, the shorter the
expected life so the root side fatigue strength can vary from near zero to a value far exceeding the
fatigue strength of the weld toe or plate edge. Designing against fatigue is thus strongly dependent
on the weld penetration. The needed value of “i” is determined by analysis using the effective notch
method, fracture mechanics or other suitable method. It is suggested that root side penetration should
be specified on the production drawing and that the quality requirement is simply that penetration is
equal to or greater than this value.

Based on the type of loading, differentiation is to be made between various joint categories. Design

lodds and structural geometry together establish the joint function. This is basically the
the concept called “Design for Purpose”. The simple welded T-joints presented in Figure 2
numerous functions based on the applied forces, F1 to F4.

If ghe joint is loaded by the force component F1, the weld is a shear-loaded longitudinal wel
flapge welds in plate girders are typical examples of this type of weld. In suc¢hcases, the 4
criteria related to the weld toe are rarely significant but failure from the wéld root can occur

For the longitudinal weld loaded by F2, weld start and stop positions become critical and the
of [the fusion line can have strong influence on fatigue strength. If-the joint is loaded by

t. Applied
bssence of
can have

1. Web-to-
cceptance

waviness
the force

component F3, the weld is a non-load carrying accessory weld and-the weld toe geometry at the base

plgte to weld fusion line becomes crucial, i.e. by cold lap size, weld toe transition radius and
. Welds loaded by F3 can also be considered as moderatéely demanding with respect to g
A non-loaded accessory weld will never be critical in staticloading cases but will often lead
failure.

Fo
fus
mi
of

de
fah

" load-carrying fillet welds subjected to F4, the weld toe geometry at the attachme
ion line is critical. Cold lap size, inner lack offusion, weld toe transition radius, undercut
calignment porosity and weld penetration allpotentially have strong influence on the fatigu
'he joint. For a weld loaded with force F4, aroot side fatigue crack can also develop depend
bree of penetration. Welds loaded by F4“are the most demanding both with respect to d
rication because both the weld toe side and root side is to be considered.

5.3 Fatigue assessment procedures

Numerous fatigue assessment methods have been introduced to assess the durability
strijuctures under cyclicloading. Finite element (FE) modelling is an integral part of most d
an
an

de

1 computers haveincreased in speed and memory capacity. Fatigue assessment places two ¢
mands on thed@nalysts. The fatigue damage process itself is highly local, thus requiring
sh. On the other hand, welded structures are frequently large and geometrically complex,
merous load input locations and they have boundary conditions which may be difficult
ese demands are best satisfied with a large FE model. Because of this conflict, fatigue ass
quently the slowest link in the design process of welded structures.

fre

undercut
brication.
to fatigue

ht-to-weld
size, joint
e strength
ing on the
esign and

of metal
esign and

hlysis work and metheds have evolved as the analysis possibilities have become more sophisticated

onflicting
a fine FE
they have
to define.
essment is

The
analys

SHe—¥e A A atiete o A A atigte-testing or
is using the nominal stress method, the hot spot method, the notch stress/strain metho

d or crack

growth simulations based on linear elastic fracture mechanics. The different assessment methods are

described in detail in the [IW recommendations on fatiguelll and will not be repeated here.
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a) Longitudinal shear loaded fillet weld b) Longitudinal normal loaded fillet weld

c) Transyerse normal non-load carrying fillet weld-1d) Transverse normal load-carrying fillet
weld, toe cracking

Fa

-
-
ﬁ} —

\/

e) Transverse load-carrying fillet weld, root cracking

NOTE Dofted lines indicate fatigue critical points.

Figure 2 — Joint classification determination based on joint loading/function

5.4 Classification of weld imperfections and features

The designation and the classification of weld imperfections and features depends on both the material
being joined (e.g. steel or aluminium) and the joining process (e.g. fusion welding, pressure welding, etc.).

A general designation system for imperfections of welding and allied process is contained in
ISO/TS 17845[2], which covers both metallic and non-metallic materials. A classification of geometric
imperfections in metallic materials is given for fusion welding in ISO 6520-1[10] and for welds made
with in ISO 6520-2[11]. Neither standard includes classifications for metallurgical imperfections.

6 © IS0 2017 - All rights reserved
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The geometric weld imperfections for fusion welding in ISO 6520-1 are relevant for arc and beam
welding processes covering metallic materials: steel, nickel, titanium, aluminium and their alloys. The

document contains the relevant classification of geometric imperfections for these welding
but no information about the relevant quality level or limits are provided.

processes

Acceptance limits for the imperfections defined in ISO 6520-1 are given in order to define quality
levels. For arc-welded joints (excluding beam welding) in steel, nickel, titanium and their alloys, quality
levels are defined in ISO 5817[12] and for aluminium and its alloys, the quality levels are defined in
ISO 10042[13]. For electron and laser beam welded joints in steel, quality levels are defined in
ISO 13919-1[14] and for aluminium and its alloys, in ISO 13919-2[15]. For laser-arc hybrid welding of

ad1202320171

1 . | 1 1 . | 1 11 =l AN 1 1 £ - £ don . 1C
Stt CL5, HNICRTT AITU TTIICRTT AITU Y S LIITT T dI'T ULy ITVCIS TUT TTITPTTICTULIUILS I TOoU 1470 41=+1.

In
arg

these International Standards, which define quality levels and limits, the followingrqual
P used:

quality class B refers to high quality requirements;
quality class C refers to middle quality requirements;
quality class D refers to low quality requirements.

Ho
thi

wever, these acceptance limits have weak relation to fatigue as stated above. For more
s, see Reference [28].

6 | Weld quality levels for fatigue loaded structures

6.1 Assessment of weld quality

Th
introduced codes. One standard for weld quality is ISO 5817, an adoption of DIN 8563,
esfablished as a standard for communication between the welders and the inspectors. The cla
criterion was the difficulty, the expenses or the efforts to fabricate or to inspect by NDT. So
IS) 5817 has limits in direct application to fatigue problems; it is inconsistent in respect
properties and needs application guidance. In the 2014 version, an additional Annex C is pres¢
solne requirements are given in relation to fatigue. Most dedicated design codes specify
quplity level according to IS0,5817 and give additional regulations. In this situation, the II
defign recommendations(have extended the scope of usual fatigue design codes by desc
fatigue properties of joifits'containing weld imperfections on a scientific basis.

ty classes

details on

imperfections and their classification intoiquality groups are mostly done by the guidance of

vhich was
ssification
by nature,
to fatigue
bnt, where
a general
W fatigue
ribing the

After inspection and,'detection of a weld imperfection, the first step of the assessment prxcedure is

to |[determine thé type and the effect of the imperfection by categorization as given in T
weld imperfection cannot be clearly associated to a type or an effect of imperfections as lj
it 1s recomtmended that it is assumed to be crack-like. The interpretation of additive imp
is that theyrare adding their impact on fatigue, e.g. an undercut and a small toe radius. Cd
imperfections are not influencing each other and so will compete in being the most critical g
innérpore and a small toe radius.

le 1. If a
sted here,
erfections
mpetitive
ne, e.g. an

Table 1 — Categorization and assessment procedure for weld imperfections

Effect of imperfection Type of imperfection Assessment

Formulae for effective stress

Rise of general stress level Misalignment :
concentration
Local Additive Weld shape imperfections, undercut Tables given
notch . Porosity and inclusions not near the .
effect Competitive surface Tables given

Cracks, lack of fusion and penetration,
all types of imperfections other than
given here

Crack-like imperfection Fracture mechanics
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6.2 Requirements for a production standard weld quality

6.2.1 General

In as-welded joints, the fatigue resistance is given by a so called FAT class (MPa). This is the stress
range at 2 x 106 cycles for a certain survival probability, see FAT in nomenclature above. The spacing of
the grid of resistance S-N-curves corresponds to a factor of 2910 =1,122 and so they are arranged in
certain defined steps. The other fatigue resistance values in this document also give the data in the
same way for 2 x 106 cycles.

6.2.2 Effect of toe geometry

Several agsessment procedures do not consider the important effects of toe geometry, These are the
nominal stress and the structural hot spot procedures, which reflect the toe geometriesiof the specimé¢ns
which haye been tested for the establishing of the codes or recommendations.<'he consequence is a
wide scatfer in the experimental results. There are two assessment procedures, by which the effects

ing parameters for fatigue properties failing from the weld to€are the toe radius, r, the weld

Various aftempts have been made to derive the fatigue properties directly from the shape of the weld
toe transifion. For those calculations, three geometrical parameters have been used, such as weld foe

The mos
Referenc

y used formulae for the stress raising noteh effect of the toe have been developed |by

[18], [19] and [20]. When calculating a;dotch factor, K, it has to be considered that the
from K; to Kris dependent of the stress.gradient in thickness direction, and so also from the
ess, where K; is the geometric stress concentration factor and Kt is the stress concentratjon
factor which is effective for fatigue.

Since the eld toe radii (r) mainly depend oh the welding procedure in shop and are independent frpm
the wall thickness, the ratio of radius'to wall thickness (r/t) varies, which in consequence leads tp a
dependente of fatigue properties of wall thickness, the so called thickness effect. Nominal and structujral
hot spot sfress methods do not consider the geometric parameters of the weld toe. They need an exfra
compensation for the effect of wall thickness. Notch stress and fracture mechanics include this effect.

The fatigye resistance values for the effective notch stress method (with model radius of, for examjple,
1 mm) hgve been directly derived from re-calculation of experimental data and so the effect| of
the transjtion from 'Ky to K is implicitly considered. Using fracture mechanics crack propagatjon
calculatiops, the decline of stress in thickness direction reduces the crack growth rate accordingly qnd
thus cons]ders the effect of the stress gradient.

6.2.2.2 e

P
m
P
[
=
H
ot
B
&
&
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4
P
e
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¢ ]

The effect of the toe radius is directly covered by the effective notch and fracture mechanics method.
This effect is not covered in the nominal and structural hot spot stress method and thus their effects
might be estimated by the use of Table 2 and Table 3.

The assessment of the toe radius may be done after Reference [29]. The used exponent for the effect of
radius, r, was taken as 0,125 and that on wall thickness, ¢, as 0,2.

Table 2 shows the relative factor on fatigue resistance at different wall thicknesses and transition radii,
where the basic FAT value of 90 corresponds to 100 % or a factor 1,00 for a thickness of 25 mm, taken
from the thickness effect. Table 2 is applicable for the nominal stress approach and translated data
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to FAT is given in Table 3; note that r/t > 0,02 (see Reference [29]). The tables also have assumed a
“thinness” effect although this needs to be verified by tests.

0,125 0,2
Aaoc(%] andAGoc(zTS)

For more details about the thickness effect, see Reference [36].

Table 2 — Maximal usable factor on fatigue resistance at different wall thickness, t, and
transition radinc' L, for butt welds

Tr:;ldsii;ison Wall thickness
r t
mm mm
6 12 25 50
0,2 1,19 1,03 1,00 0,87
0,3 1,25 1,09 1,00 0,87
0,5 1,33 1,16 1,00 0,87
1 1,45 1,26 1,09 0,95
2 1,58 1,38 119 1,04
3 1,66 1,45 1,25 1,09

Table 3 — Maximal usable FAT levels on fatiguemresistance at different wall thickness, £, and
transition radius; 7, for butt welds

Tr::dsiil:ison Wall thickness
r t
mm mm
6 12 25 50
0,2 100 90 90 71
0,3 112 90 90 71
0,5 112 100 90 71
1 125 112 90 80
2 140 112 100 90
3 140 125 112 90
NOTE  FAT values always take the next lower level when the calculated
value is in between the steps.

6.2.2:3 Toe radius in fillet welds

The effect of the toe radius is directly covered by the effective notch and fracture mechanics method.
This effect is not covered in the nominal and structural hot spot stress method, and thus should be
assessed by the use of Table 4. The IIW fatigue resistance is FAT 63, 71 or 80 depending on the type
of fillet joint. Table 4 shows the relative factor on fatigue resistance at different wall thicknesses and
transition radii, where the basic FAT value corresponds to 100 % or a factor 1,00 for a thickness of
25 mm, taken from the thickness effect. The table is applicable for the nominal stress approach and
translated data to a basic FAT 80 is given in Table 5, note that r/t > 0,02 see Reference [29]. The tables
also have assumed a “thinness” effect although this needs to be verified by tests.

© IS0 2017 - All rights reserved 9
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The assessment of the toe radius may be done after Reference [29]. The used exponent for the effect of
radius, r, was taken as 0,125 mm and that on wall thickness, ¢, as 0,3 (see Table 4 and Table 5):

0,125 0,3
AGX[%) andAO'oc(zt—Sj

Table 4 — Maximal usable factor on fatigue resistance at different wall thickness, t, and
transition radius, r, for fillet welds

Transition
. Wall thickness
radius
r t
mm mm
6 12 25 50
0,2 1,37 1,11 1,00 0,81
0,3 1,44 1,17 1,00 0,81
0,5 1,53 1,25 1,00 0,81
1 1,67 1,36 1,09 0,89
2 1,82 1,48 1,19 0,97
3 1,92 1,56 1,25 1,02
NOTE  FAT values always take the next lower level when the calculated
value is in between the steps.

Table 5 — Maximal usable FAT levels (using a basic FAT<80 fillet joint) on fatigue resistance at
different wall thickness, t, and transition radius, r, for fillet welds

Tr:;dsiil:ison Wall thickness
r t
mm mm
6 12 25 50
0,2 100 80 80 63
0,3 112 90 80 63
0,5 112 100 80 63
1 125 100 80 71
2 140 112 90 71
3 140 125 100 80
NOTE  FAT values always take the next lower level when the calculated
value is in between the steps.

The factorsigiven in the Table 4 and Table 5 are theoretical values. The usable fatigue strength may|be
limited by theeffectof variouswetdimperfections- Thistsappticabteespeciatty for tiimmwatt thickmesses
and in relation to the weld width (see also References [1] and [36]).

6.2.3 Effect of misalignment

6.2.3.1 General

Misalignment in axially loaded joints leads to an increase of stress in the welded joint due to the
occurrence of secondary shell bending stresses. The resulting stress is calculated by stress analysis or
by using the formulae for the stress magnification factor kp,. It can easily be seen that misalignment is a
very important factor in fatigue.
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Some allowance for misalignment is already included in the tables of classified structural details
(Table 6). In particular, the data for transverse butt welds already include a misalignment of up to 10 %
of wall thickness dependent of the execution of the weld, which results in an increase of stress up to
30 %. For cruciform joints, a misalignment of up to 15 % of wall thickness is included, which leads to an
increase of stress up to 45 %. Only exceeding misalignments need to be considered. The effective stress

m

Fo

For angular misalignment, there is also a straightening effect. See more in Reference [28].

agnification factor km,eff becomes:

k m,calculated

k m,eff =
m,alreadycovered

km :1+(km,axial —1)+(km,angular _1)

Fjoints containing both linear and angular misalignment, both stress magnification fact¢rs should
belapplied using the formula:

Table 6 — Consideration of stress magnification factors due'to misalignment[1]
Type of ky, Nominal stress Structural hot spot; effective notch approach and linear
analysis approach fracture mechanics
. . km already covered in| kp, already covered in Default value of effective ky,
ype of welded joint FAT class S-N curves to be considered ip stress

BL ttjoint .m_ade in shop 115 105 1,102
infflat position
Other butt joints 1,30 1,05 1,252
crjiciform joints 1,45 1,05 1,40a
Fillet welds on one 1,25 1,05 1,20b
plate surface

a

b

lodded plate.

But not more than (1 + 2,5 x enpax/t), where emax is the permissible misalignment and t is the wall t

But not more than (1 + 0,2 x tyef/t), where tref is the reference wall thickness of fatigue resistance curves.

hickness of

6.

The effects of misalignment may be assessed by the use of Table 6. A certain amount of misal

2.3.2 Misalignment in-butt welds

gnment is

already covered in the-eatalogue of structural details; for butt joints, it is ky, = 1,3 which is equivalent to

a

should be checkéd?For more results, see References [1], [28] and [36].

In

FAl (MRa) on an as-welded butt weld allowing up to 10 % misalignment, thus already inclu

ta

©

isalignment e< 10 % of the thickness, t. A possible higher misalignment at smaller wall t}

Table 73the effect of axial misalignment, e, is given by a factor to the basic fatigue

Ble Note that the table is applicable for the nominal stress method only.

icknesses

resistance
ded in the
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Table 7 — Maximal usable factor on fatigue resistance at different wall thicknesses and
misalignments for butt welds

Usable factor Wall thickness
e t
mm mm
6 12 25 50
0,5 1,04 1,16 1,23 1,26
1 0,87 1,04 1,16 1,23
U,65 0,87 T,05 T,16
— 0,58 0,81 1,00
10 — — 0,59 0,81

6.2.3.3 Misalignment in fillet welds

The effecys of misalignment in a transverse loaded cruciform joint may be assessed by the use of the
Table 6. A certain amount of misalignment is already covered in the catalogue of structural detajls;
for load cprrying fillet joints, it is ky = 1,45 which is equivalent to a misalignment e < 15 % of the
thickness|t. A possible higher misalignment at smaller wall thicknesses should be checked.

In Table 8] the effect of axial misalignment, e, is given by a factor to the'basic fatigue resistance FAT|on
an as-weldled cruciform joint, where the catalogue of structural details allows a misalignment of up to
15 % of primary plate thickness, thus already included in the table>Note that the table is applicable ffor
the nomiral stress method only. Note also that in non-load carrying joints, a linear misalignment has a
minor influence, however, angular misalignment do. See more,data in References [1], [28] and [36].

Table¢ 8 — Maximal usable factor on fatigue resistance at different wall thicknesses and
misalignment forfillet welds

Usable factor Wall thickness
e t
mm mm
6 12 25 50
0,5 1,16 1,29 1,37 1,41
0,97 1,16 1,29 1,37
0,73 0,97 1,17 1,29
— 0,64 091 1,12
10 — — 0,66 091

6.2.4 Effect ofundercut

6.2.4.1 [Géneral

The basis for the assessment of undercut is the ratio u/t, i.e. depth of undercut to plate thickness.
Though undercut is an additive notch, it is already considered to a limited extent in the tables of fatigue
resistance of classified structural details. Undercut does not reduce fatigue resistance of welds which
are only loaded parallel to the weld seam. Experimental results and data from literature lead eventually
to the acceptance levels in Table 9. See Reference [1].
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The effect of undercut can be assessed directly by the\use of the effective notch stress o

meg

6.2

6.2

When the welding process is not corréct, a so-called “cold lap” might be the result. It occurs

mg
tog
ing
sy

Sty
wi
thg

Tal
we
aft

.2.4.2 Undercut in butt welds

.2.4.3 Undercut in fillet welds

Allowable undercut
Fatigue class u/t
Butt welds Fillet welds
100 0,025 Not applicable
90 0,05 Not applicable
80 0,075 0,05
++ 8,16 0075
63 0,10 0,10
56 and lower 0,10 0,10
NOTE 1 Undercut deeper than 1 mm assessed like a crack.
NOTE 2 This table is valid for plate thicknesses from 10 mm to 20 mm.

e effect of undercut can be assessed directly by the use of the. effective notch stress o
chanics method. A rapid assessment may be done using Table 9,

chanics method. A rapid assessment may be done using Table 9.
.5 Effect of cold laps

.5.1 General

. In the worst case, the coldi\lap is all along the weld, but sometimes the cold lap is very
tance, when caused by spatter. This is a defect oriented in parallel to the plate surface,
all (microscopic), but sgmetimes bigger for instance when overflow of weld material occur

jdies made on this ¢raek-like defect reveals that the growth direction, at least for a weld und
1 quickly changefrom being in parallel to the plate at the start to a direction being perpen
plate.

ble 10 gives(FAT values for cold laps; see Reference [28] where analysis of a non-load carfy
Id and.axtwo-sided welded butt joint have been carried out. Note that a well-done blasting
er wélding probably will prevent the small cold laps (<0,1 mm to 0,3 mm) to grow to failur

r fracture

Ir fracture

when the

Ited weld material do not fully inerge with the plate material, leaving a non-fused zone af the weld

r local, for
bften very
S.

br tension,
dicular to

ying fillet
operation

a)

Table 10— Acceptance timmits for weld toecold tapsimsteet

Allowable cold lap sizes
Fatigue class mm
Butt welds Fillet welds
63 1,0 10
71 1,0 0,1
80 1,0 0,1
90 1,0 Not applicable
100 0,1 Not applicable

© IS0 2017 - All rights reserved
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6.2.5.2 Cold laps in butt welds

The cold lap is conservatively assumed to be continuous along the fusion line and is described as being
in parallel with the ground plate line. The allowable FAT-levels are described above, see Table 10. It is
assumed that a blasting operation after welding will prevent a lot of cold laps to develop into failures.

6.2.5.3 Cold laps in fillet welds

The cold lap is conservatively assumed to be continuous along the fusion line and is described as being

in parallel with the gr

assumed {t

a Vel

oW DTEVe d 10U O

Old 1dp O develop

ound plate line. The allowable FAT-levels are described above, see Table 10. It is

Embedded volumetric discontinuities, such as porosity and inclusions, are considered as competitfve
weld impérfections which can provide alternative sites for fatigue crack initiation than those covered
by the fatigue resistance tables of classified details. The difference between(the allowable size at ps-
welded arld thermally stress relieved components is attributed to the effusion’ of hydrogen in annealed
welds.[24][25] New Japanese investigations suggest that at least at thick-walled structures, higher
allowable|sizes at as-welded joints could be possible.

Before asgessing the imperfections with respect to fatigue, it sheuld be verified that the conditigns
apply for gompetitive notches, i.e. that the anticipated sites of crack initiation in the fatigue resistance
tables do hot coincide with the porosity and inclusions to be assessed and no interaction is expected. It
is importgnt to ensure that there is no interaction between multiple weld imperfections, be it from the
same or different type. Evaluations of fatigue test results containing different types of inclusions gnd
porosity result in Table 11.

Table 11 — Acceptance levels for, porosity and inclusions in welds in steel

Maximunrlength of an inclusion

Fatigue class

mm

Limits of
porositya b

As-welded Stress relievedc
112 — — 3
100 1,5 7,5 3
90 2,5 19 3
80 4 58 3
71 10 No limit 5
63 35 No limit 5
56 and lower No limit No limit 5

a

b

C

Area of radiograph.

Max pore diameter or width of inclusion < 1/4 thickness or 6 mm.

Stress relieved by post weld heat treatment.

Surface breaking pores and blowholes are usually detected by visual inspection and repaired. Thus, no
specific recommendations are given here.

6.2.6.2 Inclusions and porosity in butt welds

The effect of inclusions and porosity may be assessed using Table 11.

14
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6.2.6.3 Inclusions and porosity in fillet welds

The effect of inclusions and porosity may be assessed using Table 11.

6.2.7 Effect of cracks and crack-like imperfections

Planar discontinuities, cracks or crack-like defects are identified by non-destructive testing and
inspection. NDT indications are idealized as elliptical cracks for which the stress intensity factor is
calculated. A simplified procedure has been developed which is based on the integration of the crack
propagatlon law from an 1n1t1a1 defect size al to defect size of 75 % of wall thlckness ThlS cracked

' ) ' pw fatigue
14, ithe stress
classified

The real problem in non-destructive testing is the determination of the dimensiens.of a crack pr a crack-
likp imperfection. These dimensions are used as the initial flaw size and aré heeded for dalculative
asgessment. It is hoped that in the near future, imaging procedures willb€available, by which these
dithensions are directly visible. This point is important because all fracture mechanics procedures are
semsitive to the location and dimensions of the initial flaw.

A tapid and conservative assessment may be done by the use of(kable 12. Different crack geometries
haye been used to calculate the fatigue life of the joint. The tables give the fatigue resistance|at 2 x 106
cy¢les in MPa for different initial crack dimensions, aj, and different wall thicknesses, t. The djmensions
of the crack are derived from the circumscribing ellipse, see*Figure 3 and Figure 4.

(o (o

S y—

'a

:
f
|

-
- -

Figure 3 — Dimensions of a surface crack, b = distance to nearest edge
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b
t
M\j '<\

P
Figure 4 — Dimensions of a crack, tb = distance to nearest surface ({/\(b
V
Table 12(— Computed stress ranges at 2 x 106 cycles, characteristic values@c?surface cracks|at
butt weld toes O
\O‘> Dimensions in M[Pa

aj Long surface crack near plate edge, butt welds, a/c = 0,1 <& ~
250 [lo [ ol oo o|lof[o]o|]o|]oAw] | ool a4]|7]1
20,0 0 0 0 0 0 0 0 0 0 &‘ 0 4 6 8 11 20
16,0 0 0 0 0 0 0 0 0 0 w0 4 7 9 11 15 2B
120 [J[o [ o o | o] o] o] o] o |w] 6 |9 |12]14]16]20]2f
10,0 0 0 0 0 0 0 0 On\$ 5 9 12 15 18 20 23 AY
80 [[o ol ol oo o 4|3 9 |13|17|19]|22]23]26] 3
6,0 0 0 0 0 0 6 9 \‘ 12 15 18 | 22 | 25 26 | 28 | 30 3b
5,0 0 0 0 0 6 10 \@" 16 18 22 25 28 29 31 33 38
4,0 0 0 0 5 10 14() 1 21 23 26 29 31 33 34 36 40
3,0 0 0 7 11 16 w&zl 24 27 29 31 34 36 37 38 | 40 48
20 |5 | 11| 16 | 20 | 26)[ 30 | 32 | 34 | 36 | 38 | 40 | 42 | 43 | 44 | 45 | 4B
10 [[2 | 2933|3640 | 43|45 | 46 |47 [ 49 | 51| 52| 52| 53| 53] s
05 |[[41] 45 | 48 | 581 53 | 55 | 57 | 58 | 58 | 59 | 60 | 60 | 60 | 60 | 60 | 5p
0,2 61 64 6@40?8 69 70 70 70 70 70 70 70 69 69 68 64

T 3 4 @}/ 6 8 10 12 14 16 20 25 30 35 40 50 | 140
aj Long sur; crack apart from edge, butt welds, a/c = 0,1
25,0 0 @ 0 0 0 0 0 0 0 0 0 0 8 13 2B
200 [[oN'0o [ o] oo oo ]ofo]o|of| 7 |11]13]17]2
16,0 =16 o 0 o 0 o o o 0 9 12 15 18 2+ 2D
12,0 0 0 0 0 0 0 0 0 0 11 15 18 | 21 | 23 26 33
10,0 0 0 0 0 0 0 0 0 10 15 19 22 25 | 27 | 29 36
8,0 0 0 0 0 0 0 8 12 15 | 20 | 24 | 27 | 29 | 31 33 39
6,0 0 0 0 0 0 12 16 19 22 26 30 32 34 35 37 43
5,0 0 0 0 0 11 17 20 24 26 30 33 35 37 38 | 40 45
4,0 0 0 0 9 17 22 26 29 31 34 37 39 41 42 44 48
3,0 0 0 13 18 | 25 | 29 | 32 35 37 | 40 | 42 | 44 | 45 | 46 | 48 51
2,0 11 19 25 | 29 | 35 38 | 41 | 43 | 45 | 47 | 49 | 50 51 52 53 55
1,0 33 39 43 46 50 53 54 56 57 59 60 61 61 61 62 61
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05 |52 |56 |59 |61 64]|66|67]68]68]| 69| 69]69]|69]69]68] 66
02 |74 |77 178798 |81]81[80 |8 |8 |79|78|77] 7] 75] 70
T 3| 4|5 | 6|8 ]10]12]14]16]20]25]30]35]40] 50/ 100
ai Short surface crack apart from edge, butt welds, a/c = 0,5
250 | 0 | 0 | o | o o] o] oo o]fo o | o |17 ] 23] 36
200 | o] o] ool o]of]o|o|o]o 15 | 21 | 24 | 29 | 40
160 | 0ol o] o] o] o o] oo o o/ 18]|23]27]30]34] 43
120 | o | o [ oo o] oo o] o |2t]27]32]|3]374h| 4
0,0 | o | o | o o] o] of o] o]2]27|33][37]39]4y]hks]5s0
80 | o [ o] o | o o] o [18]024]|28]|34][39]42] 440 %6 | 8| 52
60 | 0] o | o] o] o |23[30]34]37]42]| 46|48 |50 ]51]|F3]| 56
5,0 ol ol o | o |22]31]36]39]42] 47|50/ 520053 | 54 | p6 | 57
4,0 0 | 0| o |20 |32|38|43[46 |48 | 52|54 456 |57 |58/ p9 | 60
3,0 0| o[ 26334247 |51 |53]55]58]| 596161 62] 2] 62
20 |22 |36 |43 |48 |54 |58 | 60| 62|63 65|66 |67 |67]|67]p7] 65
10 |54 |61 |65 |68 |70 |73 | 74|74 |75 75075 75| 74| 74| f3] 69
05 | 76 |80 |82 |83 |84 |84 |84)|84 84486 |82[81]8 |79]Ff7]|7n
02 | 98] 98|98 ]98] 97 |95/ 9493|9290 |8 |86 85 |83]|p1| 74
T 3 | 4| 5| 6| 8 |10]12] 1456 |20]25]30]35]40] o100
%]
Taple 13 — Computed stress ranges at 2 x 106 é§aes, characteristic values for embeddgd cracks
\.\\@ Dimensjons in MPa
a; Embedded long crack near plate edge, a/c= 0,1
50 | oo ofofofse]o]o|o]o]o o | 4 |7 | 17
00 | 0l o oo ofo]o|o|o]o]o 5 | 7 | 11| 20
60 | 0l oo ]oflo]o|o|o]o]o]4 9 | 11 | 14| 24
20 | o oo | pofofo|o|o|5s5|[8]11]14]16]po] 28
00 | o [ o | o fCo[ o] o|o|of 4|8 |12|15]17]19]123]31
8,0 oo |0 o]o]o]|3 |68 |12|16|]19]|2]24]¢27]3s
60 | 0 | 0430 | o | o | 5 | 9 [12] 14|18 22|25 |27 |29 B2] 40
50 | o [ 60 0| o |5 | 9 |12]15]18] 22|26 28|31 ]32] 5| 43
4,0 0O%0 | 0| 4] 9 | 14|17 |20 ]|23|26]30]|33]|35][37]% |47
30 |0/ o | 6 | 10| 16 | 20| 24|27 | 2932|3638/ 40| 42 | §5 | 52
2,0 Y4 | 10 | 15| 19 | 25 [ 30 | 33 | 36 | 38 | 41 | 44 | 46 | 48 | 50 | 52 | 59
1 22 | 29 | 33|37 | 42|46 | 49 | 51 | 53 |56 |59 | 61| 63| 64 | 67 | 73
05 |42 | 47 | 52 | 55|60 | 63 |66 | 68|69 | 72| 75] 77| 79| 80 | 82 | 88
02 |68 |73 77|80 |84 |87 |90 92| 93] 96] 98] 100]101]103]105] 110
T 3| 4|5 | 6| 8 |10|12|14 | 16| 20| 25| 30 | 35 | 40 | 50 | 100
a; Embedded long crack apart from plate edge, a/c = 0,1
250 | o | ol o] o] o] o] o] ol]o o | o] 13| 19] 30
200 | 0ol ol o] oo o] o] o]o 12 | 17 | 20 | 24 | 33
160 | o lo |l o] o] o] o] o] o]o 14 | 19 | 22 | 25 | 29 | 37
120 | 0 | ol o] oo o] o] o ]| o |17|22]26]|20]|31]34] 41
100 | ol o] o] o] o] oo o /|16]22]27]30]33]35]37] 44
8,0 olo| oo o] o|14]|19|23]28]|32]35]37]39] 41| 48
© IS0 2017 - All rights reserved 17
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Table 13 (continued)

6,0 0 0 0 19 | 24 | 28 | 31 | 35 | 38 | 41 42 44 | 46 53
5,0 0 0 0 0 18 | 25 | 29 | 33 | 35 | 39 | 42 | 44 46 47 49 56
4,0 0 0 15 | 26 | 31 | 35 | 38 | 40 | 43 | 46 | 48 50 51 54 59
3,0 0 0 21 | 27 | 35 | 39 | 42 | 45 | 46 | 49 | 52 54 56 57 59 64

2,0 17 | 29 | 35 | 40 | 45 | 49 | 51 | 53 | 55 | 58 | 60 | 62 64 | 65 67 71
1,0 44 | 51 | 55 | 58 | 62 | 65 | 67 | 69 | 70 | 73 | 75 | 77 78 79 | 80 | 84
0,5 65 | 69 | 73 | 75 | 79 | 82 | 84 | 85 | 86 | 88 | 90 | 91 92 93 94 | 97
0,2 91 | 95 | 98 | 100 | 103 | 105 | 106 | 107 | 108 | 110 | 111 | 112 | 112 | 113 | 114 |11
T 3 4 5 6 8 10 | 12 | 14 | 16 | 20 | 25 | 30 35 | 40 SfQ 1d0
aj Hmbedded short crack apart from plate edge, a/c = 0,5 4

~N

250 [[o o[ oo oflo]o|lof[o|of[o] ofo]z20}27]4
200 [Jlo [ o] o] o] o|ofof[o] o] o] o] 17|24 |28]34]24p
16,0 0 0 0 0 0 0 0 0 0 0 20 27 ;’(ZOJ 35 40 5P
12,0 0 0 0 0 0 0 0 0 0 24 | 32 37 1| 43 47 5b
10,0 0 0 0 0 0 0 0 0 23 | 32 | 38 '4@ 45 48 51 58
8,0 0 0 0 0 0 0 20 | 28 | 33 | 40 | 45 6?8 51 53 56 6p
6,0 0 0 0 0 0 27 | 35 | 40 | 43 | 48 @~§< 56 58 59 62 6y
5,0 0 0 0 0 26 | 36 | 42 | 46 | 49 54\‘237 60 62 63 66 71
4,0 0 0 0 23 | 37 | 44 | 49 | 53 | 56 ;g@\ 63 65 67 68 70 7b
3,0 0 0 31 | 39 | 49 | 54 | 58 | 61 | 64 () 57 | 70 71 73 74 76 8p
2,0 26 | 42 | 50 | 55 | 62 | 67 | 70 | 72 \\ﬁ} 76 | 79 | 80 81 82 84 8y
1,0 62 70 75 78 | 83 86 | 88 | 89 91 92 | 94 95 96 97 98 | 1Q0
0,5 88 | 93 | 96 | 99 | 102 | 104 | 105 (;k%‘ 107 | 108 | 110 | 110 | 111 | 112 | 112 | 115
0,2 118 | 121 | 123 | 124 | 126 | 128 1&?:0129 130 | 131 | 132 | 133 | 133 | 134 | 135 | 137
t 3 | 4|5 | 6] 8]10,82|14]16[20]25]30]35]40]50]1do
T
Table 14|— Computed stress ran e@t'z x 106 cycles, characteristic values for Surface cracks|at
06 fillet weld toes
,-.O . Dimensions in MPa
aj Long surface cra@@ar plate edge, fillet welds, a/c = 0,1
250 [[o [ o] o0 [ o] oo of]o]o|]of[o]o]4]7]1p
20,0 0 0 fd 0 0 0 0 0 0 0 0 8 11 1p
160 [[o | &) oo ofofof[of]o]|o]| 4|7 |9 ]11]15]2
12,0 0, w 0 0 0 0 0 0 0 6 9 12 14 16 19 2p
10,0 (I:)\ 0 0 0 0 0 0 0 5 9 12 15 17 19 22 2y
8,0 0 0 0 0 0 0 4 7 9 13 16 19 21 22 25 30
6,0 0 0 0 0 0 6 9 12 15 18 | 21 | 23 | 25 | 26 | 28 | 33
5,0 0 0 0 0 6 10 13 16 18 | 21 | 24 | 26 | 28 | 29 | 31 | 35
4,0 0 0 0 5 10 14 18 20 22 25 28 29 31 32 33 37
3,0 0 0 7 11 16 20 23 25 27 30 32 33 34 35 37 39
2,0 5 11 16 20 25 28 31 32 34 36 37 39 40 | 40 41 43
1,0 22 28 32 34 | 38 | 40 42 43 44 | 45 46 | 47 48 | 48 | 48 48
0,5 38 | 42 | 45 | 47 | 49 | 51 | 52 | 53 | 53 | 54 | 54 | 54 | 54 | 54 | 54 | 52
0,2 57 59 61 61 63 63 63 63 63 63 63 62 61 61 60 56
t 3 4 5 6 8 10 12 14 16 20 25 30 35 40 50 | 100

18 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=086cc3186ee486c0f2a40eee07b8dbd5

ISO/TS 20273:2017(E)

Table 14 (continued)

a; Long surface crack apart from edge, fillet welds, a/c = 0,1

25,0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 13 | 22
20,0 0 0 0 0 0 0 0 0 0 0 0 7 11 | 13 | 17 | 25
16,0 0 0 0 0 0 0 0 0 0 0 9 12 | 15 | 18 | 21 | 28
12,0 0 0 0 0 0 0 0 0 0 11 15 | 18 | 21 | 23 | 26 | 32
10,0 0 0 0 0 0 0 0 0 10 | 15 | 19 | 22 | 24 | 26 | 28 | 34
8,0 0 0 0 0 0 0 8 12 | 15 | 20 | 24 | 26 | 28 | 29 | 32 | 37
6,0 0 0 0 0 0 12 | 16 | 19 | 22 | 26 | 29 | 31 | 33 | 347/ B6 | 40
50 0 0 0 0 11 17 | 20 | 24 | 26 | 29 | 32 | 34 | 35 | 86 | B8 | 42
4,0 0 0 0 9 17 | 22 | 26 | 28 | 30 | 33 | 36 | 37 | 390 .40 | A1 | 44
3,0 0 0 13 | 18 | 25 | 29 | 32 | 34 | 36 | 38 | 40 | 42 |43 | 44 | B5 | 47
2,0 11 19 | 25 | 29 | 34 | 37 | 39 | 41 | 42 | 44 | 46 | 47C)48 | 49 | BO | 51
1,0 32 | 38 | 42 | 44 | 48 | 50 | 52 | 53 | 54 | 55 | 56 [57 | 57 | 57 | p7 | 56
0,5 50 | 53 | 56 | 58 | 60 | 62 | 63 | 63 | 64 | 64 | 64"\ 64 | 63 | 63 | p2 59
0,2 70 | 72 | 73 | 74 | 75 | 75 | 74 | 74 | 74 | 73 N7Z2 | 71 | 70 | 69 | p7 | 62

t 3 4 5 6 8 10 | 12 | 14 | 16 | 200 25 | 30 | 35 | 40 | pO | 100
aj Short surface crack apart from edge, fillet welds, a/c=0,5

25,0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 | B3 | 35
20,0 0 0 0 0 0 0 0 0 0 0 0 15 | 21 | 24 | g9 | 38
16,0 0 0 0 0 0 0 0 (0 0 0 18 | 23 | 27 | 30 | B4 | 42
12,0 0 0 0 0 0 0 0 0 0 21 | 27 | 32 | 35 | 37 | A0 | 45
10,0 0 0 0 0 0 0 0 0 20 | 27 | 33 | 36 | 39 | 41 A3 | 47
8,0 0 0 0 0 0 0 18 | 24 | 28 | 34 | 39 | 41 | 43 | 45 | 47 | 49
6,0 0 0 0 0 0 23°| 30 | 34 | 37 | 42 | 45 | 47 | 48 | 49 | p1 52
50 0 0 0 0 22\4731 | 36 | 39 | 42 | 46 | 48 | 50 | 51 | 52 53 | 53
4,0 0 0 0 20 [-32°| 38 | 42 | 45 | 47 | 50 | 52 | 54 | 54 | 55 | B5 | 55
3,0 0 0 26 | 3334 42 | 47 | 50 | 52 | 53 | 55 | 57 | 58 | 58 | 58 | B8 | 57
2,0 22 | 36 | 43 ( #48 | 53 | 56 | 58 | 60 | 61 | 62 | 62 | 62 | 62 | 62 | P2 59
1,0 53 | 60 | 63) 66 | 68 | 69 | 70 | 70 | 70 | 70 | 69 | 69 | 68 | 67 | p6 | 62
0,5 74 | 76~\78 | 78 | 79 | 78 | 78 | 77 | 77 | 76 | 74 | 73 | 72 | 71 | p9 | 64
0,2 92 |,91)] 91 | 90 | 88 | 86 | 85 | 84 | 83 | 81 | 79 | 77 | 75 | 74 | [2 | 65

t 3 4 5 6 8 10 | 12 14 | 16 | 20 | 25 | 30 | 35 | 40 | pO | 100

6.3 Design of Experiments (DoE) using simulation

6.3.1T General

Using the effective notch method, many of the above listed imperfection-effects can be modelled and
one way to show the impact on fatigue is to use Design of Experiments (DoE)[34]. In such an approach,
the physical experiments normally used are replaced by simulations. The parameters are, in this case,
assigned two levels: one high and one low, preferably on each side of normal values.

EXAMPLE1 Ifnormally, a thickness of 10 mm is used, then high level could be 12 mm and low level 8 mm.
EXAMPLE 2  If normally, a throat size of 5 mm is used, then high level could be 6 mm and low level 4 mm.

Levels are chosen by the user, reflecting the range where the results are applicable. A more detailed
explanation of the DoE-method is given in 7.4.
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6.3.2 Parameters using the effective notch method on butt welds

Studying a one-sided and a (symmetric) two-sided butt weld where thickness, penetration, angle,
undercut and weld toe radius are given two levels (high and low) and computing the effect of these on
the weld toe stresses, the result shown in Figures 5 and 6 can be found.

N &= 8 v <

Figure 5

20

12

< \Vi => |

100

undergut, from 0,1 mm to 1 mm
s-meagure, from t-0,1 mm to t-1 mm
weld gngle, from 10° to 30°
thicknkss, from 8 mm to 12 mm
weld tpe radius, from 1 mm to 2 mm

75

50

E (MPa)

— Results presented as-E-effects on principal stresses in the weld toe for a one-sideld
butt joint, with an applied nominal stress range of 100 MPa

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=086cc3186ee486c0f2a40eee07b8dbd5

ISO/TS 20273:2017(E)

125

100

A
=)
3

50

E (MPa)

25

N T v

As

-25

-50

y
undercut, from 0,1 mm to 1 mm
-measure, from t/2-0,1 mm to t/2-1 mm
weld angle, from 10° to 30°
thickness, from 10 mm to 20 mm

weld toe radius, from 1 mm to 2 mm

jgure 6 — Results presented as E-effects on principal stresses in the weld toe for a ty
butt joint, with an applied nominal stress range of 100 MPa

radlius. Other parameters, penetration,thickness and angle, play a smaller roll under the circy

md

delled. Note that Figure 5 and Figure 6 reflect the stress at the weld toe and not the

side, but the critical point for theseases is normally the weld root side whenever there i

pe

6.3
th

co
be

hetration. See more in Clause\7.

.3 Parameters using the effective notch method on fillet welds

St;ldying a load-carrying (LC) and non-load carrying (non-LC) fillet in a cruciform joint w

ckness, penetrdtion, angle, undercut and weld toe radius are given two levels (high anc

vo-sided

seen, the most important parameters cancerning the weld outside are the undercut and the weld toe

Imstances
weld root
not a full

eld where
low) and
ure 8 can

mpute the effect of these on the weld toe stresses, the result shown in Figure 7 and Fig
found.
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Figure 7 — Results presented as E-effects on principal stresses inicthe weld toe for a load-
carrying (LC) fillet joint, with an applied nominal stress range of 100 MPa
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Figure § —Results presented as E-effects on principal stresses in the weld toe for a non-load
carrying (non-LC) fillet joint, with an applied nominal stress range of 100 MPa

For both cases (Figure 7 and Figure 8), the parameters vary as follows:

— m =misalignment, from 0,1 mm to 1,5 mm;
— u=undercut, from 0,1 mm to 1 mm;

— t=thickness, from 8 mm to 12 mm;

— a=weld angle, from 30° to 60°;

— a =throat-size, from 4 mm to 6 mm;

— i=penetration, from 1 mm to 3 mm;
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r = weld toe radius, from 1 mm to 2 mm.

The first observation is that the influence from the parameters concerning the weld outside is much
higher on a LC-joint (Figure 7) compared to a non-LC-joint (Figure 8). Consequently, weld quality plays
a more important role in load-carrying joints compared to non-load-carrying joints. Next is that the
most important parameters are the undercut, the weld toe radius and misalignment (LC only), much
the same as for a butt welds. Other parameters, penetration, thickness, angle and throat play a medium

or smaller roll under the circumstances modelled.

NOTE

(thefigures reflect the stress at the weld toe and not the weld root side)

The critical point for the LC-case is normally the weld root side whenever there is not a full penetration

6.4 Fatigue design of high quality welds

6.4.1 General

The term “high quality” is used for welds with a lower level of imperfections/than usually|
Fufther on, it is used for welds which are produced under a higher level of control during
ac¢uracy of fit, welding and inspection of the welded component. Thus;the scatter of fatigu

accepted.
assembly,
b strength

cap be reduced and higher stresses might be allowable. In addition, thefatigue strength may be verified

by

Th
pa
exe
ad
no
wh
air
an

fatigue testing of the component.

e level of control and inspection is laid down in several staidards as, for example, in ISQ
ts)[26] where three levels are specified. A further agpreach is given in EN 1090[5l(§
bcution classes EXC1 to EXC4 are specified and related:te the quality groups D to B+ of ISO
litional requirements in EN 1090. The questions of*Censistence in terms of fatigue in ISC
I addressed and are still open. One industrial standard used within Volvo CE has been

hing to reflect the fatigue described within HW Recommendations and there are further t
1l one lower quality level. Apart from statifig a connection to fatigue Reference [51] has at
mdin differences compared to ISO 5817: firstly, the focus is put on the weld toe transition are
requirements on the toe radii are impotrtant. Secondly, a requirement is defined of the peng

3834 (all
1[Z], Here,
5817 with

5817 are
leveloped,

ere acceptance limits are formulated to relate to-fatigue (see Reference [51]) here one qualjity level is

wo higher
least two
h and thus
tration of

the weld, stated as a measure on the.drawing (see further in 7.2). These points support the

e
esfablish an appropriate weld quality level on the drawing in order to reflect fatigue. Also,di!

popsible to develop adapted weéld processes in workshop to match the different weld desig
the drawingl[35].

Alll benefits of the high~quality welds vanish if significant imperfections are present (we
the¢ory). Then, Tablesd2,713 and 14 apply.

6.4.2 Effect of improvement methods

signer to
makes it
ations on

hkest link

The fatiguelstrength can be improved by different methods of post-weld treatments. The benign effect

of fome ifiprovement methods is already known and it is already applied at large series prod

ictions. In

this case, the fatigue strength has to be verified by test. The new update of the [IW recomm

endations

hap apeal novelty, which is a calculative verification of fatigue properties at post weld treatmlents. Only
factors are given, without a consideration to a possibly flatter slope of the Wohler S-N-curves (with the
exception of HFMI treated welds).

The practically applied methods can be divided into two groups: improvement of shape and
improvement of residual stress conditions. The IIW recommendations specify the improvement of the
weld toe by burr grinding, by TIG dressing and by hammer and needle peening. It has to be born in
mind that only such welds can be improved, at which the possible crack at the weld toe is governing, see

Figure 9.
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It has to e always verified if another spot of a possible crack initiation could become dominant gnd
governing for the fatigue assessment. This is especially the case at un-welded root gaps or faces| at
embedded imperfections and in cases where the direction of loading is parallel to the notch, e.g] in
longitudinally loaded welds seams.

Recently made research has also looked at the so called high frequency mechanical improvement
(HFMI) pst treatment[33]. Here, the toe area is treated imposing residual.stresses, which improyes
fatigue prpperties and even a beneficial effect from the material yield limit€an be utilized.

6.4.3 Improvement of shape of weld toe

The shap¢ improvement methods considered in the I[IW recommendations are grinding of the foe
and TIG dressing of the toe. The smoothening of the weld toe\transition results in a reduction of the
notch effgct and thus improves the fatigue properties. The improvement is given by a factor in terms
of stress. [For quality control in shop, a data sheet has been developed equivalent to weld procediire
specificatjon (WPS) sheet.

Guidance for improvement of welds and the benefit from improvement in terms of fatigue are giver] in
SO 3834 (all parts)[26]. If even higher benefits from improvement are claimed, that has to be verified|by
tests. An adequate production quality insuran¢e system should be established in order to ensure that
the produft quality is at least that of the test:

6.4.4 Improvement by compressive residual stress

Hammer peening, needle peening'and high frequency mechanical improvement (HFMI)[33] introdude a
residual cpmpressive stress whieh is beneficial for the fatigue properties. Some requirements in loadjng
have to bp met at the application of the method. There is a limitation in compressive load stresfes
in order fo avoid an ovepstressing in compression, which after unloading could relax the residpal
compressjve stress, which was introduced by the improvement procedure.

7 Roofsiderequirements

7.1 General

When designing a weld, it is often desirable that the root side has a greater or at least the same fatigue
life as the toe side. The reason is that weld toe cracking is visually easier to detect compared to root
cracking. Also, a repair is generally more difficult to perform on a root crack compared to a toe crack.
For more information on weld root design, see Reference [37].

7.2 Joints with weld root as weakest point

Following the principles of “design for purpose”, the analysis should focus on the identification of the
weak points of the weld (toe or root) when loading is applied to the component, see also 5.1. In such
an approach, there is a big difference between load carrying and non-load carrying welds. A butt weld
should always be regarded being load carrying since the loads and stresses pass through the weld. For
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fillet welds, the variations are bigger and some may be regarded as non-load carrying while others are
to be regarded as fully load carrying, which thus have the highest requirements. Whichever case, one
could state that for load carrying cases, the root side commonly becomes critical, while for non-load
carrying cases, the toe side often is critical. It is thus important to focus on parameters governing the
stress levels in these points.

7.3 Designation for penetration

When a weld is designed and given the designations on the drawing, it is common to state the quality
level according to some standard; here, ISO 5817 is often used. Further, for a fillet joint, the throat size
negds to be determined and given. In most cases, this is all that is stated on the drawing and if so, this
implies a weld root side designation which may become unclear.

In prder to reach a more detailed designation, it is important that the weld back side is’addressed and
this can be made through specification of the penetration, see Figure 10 and Figuse\11.

Figure 10 — Partial penetration in a butt jeint, s-measure is used

Figure 11.2- Partial penetration in a fillet joint, i-measure is used

If the partial penétyation is considered in design process of welded joints, then the value of the
penetration should be described as a requirement on the drawing, either as s-measure for a|butt weld
or [as i-measuxeifor a fillet weld (note that “i” is the gap penetration, not the side penetratipn). It can
be|given aléng with all other designations; for example, along with the throat-size designation: “i2a5”
(meaningthati = 2 mm and a = 5 mm), so that it is clear in the work shop which of the demands to focus
on|during welding.

In ‘this—way, it becomes possiblte for the desigmersto differentiate the Tequirements o the different
parts of the weld: if the weld root side is critical, then attention can be given to the needed penetration
and if the weld outside (toe) is critical, then attention can be given to the quality level. Following the
principle of “design and weld for purpose”, this can lead to a weld designation on the drawing, which is
varied along the weld. This may be used to reach a longer fatigue life in high stressed parts and lower
welding cost in low stressed areas.

To understand the influence of different parameters on the weld fatigue life, it is of interest to get an
overview of how they act. Below, this is shown in an example of variations in parameters and their
influence on the weld root side. The analysis is made using the effective notch method[3] and the results
are presented according to the theory for Design of Experiments (DoE)[34].
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ign of Experiments in load carrying joints

Consider a load carrying cruciform joint and two welded butt joints, both having load carrying
characteristics. These joints will, in most cases of partial penetration, show a critical point at the root
side if tension is applied. The weld toe might also be critical depending on the weld parameters and
quality levels but this is not taken into account here.

The situation can be studied by applying the methods in Design of Experiments (DoE) and make use
of simulations. DoE methods are, typically and in general, used for physical test setups where many
parameters have an effect on the result and where a full test setup varying all parameters is too
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E-method can also be utilized by replacing the physical tests with simulations. In sii¢h'a cg
setup can be used since all that is needed is a parametric model and computation time. 1
yay is to vary the interesting parameters at two levels, one high and one low,-preferably w
each side of the typical or nominal one. Results are then applicable within the-interval use

ning N parameters and vary them one at a time (resulting in 2N computer simulations d
els), the results can be studied statistically finding out what their individual influences 3

d root in this case) including signs (minus for “low” and plus fer. “high parameter level) 3

summary is reached, then an increase in this parameter.increases the stress in the joint g
ve summary is reached, then an increase in this parameter decreases the stress in the jo
htly, if the sum for a certain parameter is near zero ory‘small”, then this parameter has a |
re. The parameters (or combinations of parameters) ‘with a “small” effect in the stress le
garded as scatter (and could be compared to the scatter occurring in physical tests). T
calculating the standard deviation (Stdv) of all effects, so for example, a parameter may|
hs significant if an effect is greater than, say;@ne (1) Stdv.

described DoE method, has been carried’out for two butt welds (a one-sided and a two-sid¢
ad carrying cruciform joint, all in tension, and the result is shown in Figure 12, Figure 13 3
respectively.

hging, gives the so-called “E-effect” which reflects the influénce from a certain parameter:
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Figure 12 — Computed effects in weld root of a one-sided welded butt joint
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Results are presented as E-effects on principal stresses in the weld toe for a one-sided butt joint, with
an applied nominal stress range of 100 MPa. The parameters vary as follows:

— s=s-measure, from t-0,1 mm to t-1 mm;
— u=undercut, from 0,1 mm to 1 mm;
— r=weld toe radius, from 1 mm to 2 mm;
— t=thickness, from 8 mm to 12 mm;
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Figure 13 — Computed effects in weld root of a two-sided welded butt joint

Repults are presented-as’E-effects on principal stresses in the weld toe for a two-sided butt Joint, with
anfapplied nominalstress range of 100 MPa. The parameters vary as follows:

¢}

—| s=s-meastre, from t/2-0,1 mm to t/2-1 mm;
—| t=thickness, from 10 mm to 20 mm;

—| r&weld toe radius, from 1 mm to 2 mm;

— a=weld angle, from 10" and 30%;
— u =undercut, from 0,1 mm to 1 mm.

The result indicates that for both types of these butt joints, the only main effect on the weld root stress
is the lack of penetration (t-2s-measure if full penetration is not present). The thickness has some effect,
even though not so high: the stress level will decrease when the thickness is increased.

Note that in the “IlW Recommendations” of fatigue design, the butt joints normally are given FAT-values
around 71 MPa to 90 MPa. However, if NDT is not made on the root side, the FAT-value is lowered to
36 MPa and the reason for this is the impact from not fully penetrated welds, when the critical point is
changed from weld toe to weld root.
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Figure 14 — Computed effects in weld root of a load carrying cruciform joint
Results atfe presented as E-effects on principal stresses in the weld root for a load-carrying cruciform
joint, witH an applied nominal stress range of 100 MPa. The parameters vary as follows:
— i=pehetration from 1 mm to 3 mm;

— a=throat size from 4 mm to 6 mm;

— a=weld angle is varied between 30° and 60°;

— R =we¢ld toe radius from 1 mm to 2 min;

— u=undercut from 0,1 mm to 1 mm;

— m =njisalignment from 0,1 mmw/to 1,5 mm;

— t=thickness from 8 mm“o 12 mm.

For the load-carrying fillet weld, the penetration and the throat size are significant and both shonld
be increaped since thé effect is negative (implying a stress decrease effect). The thickness is also
significanf, but has a positive effect, which means that the stress level increases when the thickness is
increased|and this‘is probably due to the fact that the root defect size increases (root defect = t-2i). The
effect is the epposite compared to the butt joint above. Misalignment, angle, undercut and toe radjus
play a very ‘small role for obvious reasons.

«
1

Realizing that both penetration “i” and throat size “a” are significant parameters for the root side stress
level of a load carrying fillet joint, it is consequently important that both these measures are stated on
the drawing.

7.5 Throat size vs penetration

As shown above for fillet joints, the penetration is the most important parameter for weld root fatigue
followed by the throat size and of course the thickness itself, see Figure 14. However, the parameters
cannot be translated into each other directly; for instance, an increase of 1 mm penetration in a
fillet weld is often worth much more than 1 mm more throat sizel38] where 1 mm more penetration
approximately equals 2 mm less nominal throat size regarding fatigue life. Many times, the max (or
sometimes called total) throat size a tot, which includes both nominal throat and the penetration, i,
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is used as a combined effect. However, this is not a good representation of the fatigue strength even
though this often is used in the nominal method, this is investigated below.

Studying a load carrying cruciform joint in thickness ¢ = 10 mm and comparing the nominal analysis
method with the effective notch method, an interesting difference between the methods is revealed.
The fillet weld can be performed with different nominal throats, a, and penetration depth, i. The
question is how to describe this on the drawing (see Figure 15). Usually, a throat size, g, only is given
and nothing is expressed about the penetration. However, there is a need to do that and this can be
shown by studying three cases, which has the same max throat, ag.t. See Table 15.

I'able 15 — Three diiferent weld throat-sizes (W15) 1tor ¢ = 10 mm

Optimized WTS Ordinary WTS Excessive WTS
Nominal throat, a, (mm) 4 5 6,4
Penetration, i (mm) 3,4 2 0
Max throat, ayot = an+i/V2 (mm) 6,4 6,4 6,4

Figure 15 — Fillet weld with partial penetration

The analysis of thesé¢<tases for the nominal method using the max throat, aiet, gives no difference,
nelther for the weldtoe (FAT 71 without misalignment) nor for the weld root (FAT 36)[1]. The latter point
depends on thefact that the nominal method uses the max throat, which is the same in all thrde cases.

However, uSing the notch methodl[3], there will be a difference (for both root and toe) sinjce a load-
cafrying weld with higher penetration will have a better stress path through the weld. Assyming that
th¢ netch method results are correct (stress range FAT 225 equivalent to 2 x 106 cycles), thie stresses
can be “back” computed into the nominal world to see what would have been the applied nom|nal stress
for the same fatigue life (2 x 10° cycles), see coloured columns in Figure 16. The ITW Recommendation
nominal FAT levels are also given for toe and root, respectively, as lines for comparison. Note that the
notch stress method includes a “thinness”-effect, while this is not done in the nominal method for
t < 25 mm and this explains some of the differences.
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grey columns). The FAT 36 fo@ e nominal method is well below the computed levelg
ases, implying a conservative‘design using this method. However, using the effective no
vement taking the penetration into account: for the optimiz
range of 62 MPa could be compared to FAT 36, implying a
s: (62/36)3 = 5,1.

=4 mm), a computed
f approximately five ti

ld toe side (dar columns), the ordinary joint (a_n = 5 mm) agrees well with the nomi
pwever, for th essive one (a_n = 6,4 mm), a non-conservative result is at hand using

at a misalignment is included).

63 assu ?’t

hter g observation is that the optimized weld joint, having the smallest nominal thr
r ly the best productivity in the work shop (lowest welding time and lowest amount

b — “Back”-computed nominal stress ran@% at 2 x 106 cycles for a cruciform joint with

bot
in
tch
red
ife

nal
he
bnt

bat
of

consumah

les), also has the highest fatigue performance on hoth weld toe and weld root side

The overall conclusion is thus that there is a reason to include the penetration in the weld designations
on the drawing and also that this can be taken into account during the design of the joint if the effective
notch method is used. A difficulty is of course the inspection of the penetration measures in production,
where in, many cases, destructive methods only are available.

8 Fitness for service

8.1 General

Assessment of welds not meeting “standard” requirements may sometimes be of interest to investigate.
An example is to determine the fatigue life from a found crack-like defect to failure. It is recommended
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to use local based methods, like the effective notch method or the fracture mechanics method with the
guidance of well-established recommendations as, e.g. BS 7910[2Z] or comparable ones.

Fracture mechanics is used for several purposes as, for example:

a)

assessment of fracture, especially brittle fracture, in a component containing cracks or
details;

K=0-+r-a-Y,(a)

crack-like

b)

asSesSment of fatigue properties in a component containing cracks or crack-1ike 1mper
for example,in welded joints;

predicting the fatigue properties of severely notched components with no or a relatively s
initiation phase. Welded joints behave as being severely notched. Predictions'are made
small initial defects.

Th

inifial crack, aj, to a final crack size, ar. The parameter which describes, the fatigue action

ti

configuration is the centre crack in an infinite plate. The stress intensity factor, K, is defin

fol

wh

In
arg
fol

fatigue assessment procedures as in b) and c) are performed by calcutation of the grg
in terms of crack propagation is the stress intensity factor (S}F)-range AK. The star

owing formula:

K=o+m-a
ere

o isthe remote stress in the plate;
a isthe crack parameter, here half the-distance from tip to tip.

pxisting components, there are various crack configurations and geometrical shapes. So, c
t needed for the deviation from.the“centre cracked plate. These corrections take into ac
owing parameters and crack locations:

free surface of a surfaceserack;

embedded crack located inside of a plate;
limited width or*wall thickness;

shape of a ¢paek, mostly taken as being elliptic;
distance to an edge.

e formula for the stress intensity factor has, due to this, to be expanded by a correction fung

ection as,

hort crack
assuming

wth of an
at a crack
[ing crack
ed by the

brrections
count the

tion Yy (a).

Fo

14 R 4 A3 ataazl i +la £ 4 A VAN ] o dood 4 £ 4
WCEIUS  WILID 4 SUI'TSS UISU TUULIVLL, LT I4dLtULl Iy(u) Ilidy DT StpdliditU IItu twuU 1dLTtU

s: My for

correction of the local notch and y(a) for the configuration. For more details on this, see Reference [28].
In this reference, description of aspect ratios, initial flaw sizes and dimensions of cracks are also given.
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8.2 Fatigue assessment by crack propagation

The fatigue action is then determined using the “Paris-Erdogan” power law:

ﬂ:CO SAK™ if AK <AKy, then ﬂ:o

dN dN
where

a s the crack size;

N s the number of cycles;
AK 1s the stress intensity factor range;

AKip 1s the threshold value of stress intensity factor range below which no crackpropagation is
issumed;

Co 1s the material constants.
Safety considerations, influence of stress ratio, etc. may be takKen into account (see more|in
Reference|[28]).

8.3 Material parameters for crack propagation

The material data used in Paris law can be found in Tables 16 and 17. In the absence of specified| or
measured material parameters, the values given belew are recommended. They are characterigtic
values (sep Clause 4 and Reference [1]).

Table 16 — Parameters of the Paris power law and threshold data for steel

Threshold values AK,
Uhits Paris power law R>05 0<R<05 R<0 Surface crack
parameters depth <1 mnp
K (Nthm-3/2) Co=5,21x)1013 _
da/dN (jim/cycle) 1{=)3,0 63 170 - 214 xR 170 <63
K (MPavm) Co =65 x 1011 i
da/dN [m/cycle) m=3,0 2,0 54-68xR 54 <2,0

Table 17 ==PRarameters of the Paris power law and threshold data for aluminium

Threshold values AKy,
Uhits Paris power law R>05 0<R<05 R<0 S‘urfgce Acracl~
paraimceiers deptil < I I
K (Nmm-3/2) Co=1,41x1011 B
da/dN (mm/cycle) m=30 21 56,7-72,3 xR 56,7 <21
K (MPavm) Co = 4,46 x 1010 _
da/dN (m/cycle) m = 3,0 07 18-23xR L8 =07

For elevated temperatures other than room temperature or for metallic materials other than steel,
the crack propagation parameters vary with the modulus of elasticity, E, and may be determined
accordingly.

E @ E
1
C= CO,steel [ sgae ] AKy, = AKth,steel {E—]

steel
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8.4 Formulae for stress intensity factors

8.4.1 General

Stress intensity factor formulae may be taken from literature.[32].[40],[41],[42][43],[44],[45],[46] The
formulae given below address only some of the cases relevant to welded joints. They are given as a base

for two examples, which follow below.

8.4.2 Standard solutions

8.4.2.1 Stress intensity factors for surface cracks under membrane stress

The formula for the stress intensity factor Kjis valid for a/c < 1, see also Reference [1].

wa
Kl =0 zFS

wHere

Q =1+1,464 (a/c)L.65;

Fs =[My+ Mz x(a/t)2 + M3 x (a/t)*] x g x fx fu;
M1 =1,13-0,09 (a/c);

M, =-0,54+0,89 /(0,2 +a/c);

M3 =0,5-1/(0,65+a/c)+ 14 (1 - a/c)?4;
fw = {secltx cV(a/0)/(2 x b)]}%.

g and f are dependent on direction
“a”-direction:g=1,f=1

"c”-direction: g = 1 + [0,1+0,35 (a/t)?2]
f=Va/c)

Se¢ Figure 17.
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Figure 17 — Surface crack under membrane stress

8.4.2.2 Stress intensity factors for root gap crack in a‘fillet welded cruciform joint

The formula for the stress intensity factor, K, is validfér H/t from 0,2 to 1,2 and for a/w from 0,0 to 0,7.
For more fletails, see Reference [32].

ol A, +4, ~£)\/na~sec(n-a/2w)
w

1+2-H/t

H+t/2;

S
I

o i9the nominalstress range in the longitudinal plates and with x = H/¢;
A1 =(0,528 + 3,287 x x — 4,361 x x2 + 3,696 x x3 — 1,875 x x4 + 0,415 x x5;
Ay =(0,228F2,717 x x - 10,171 x x2 + 13,122 x x3 - 7,755 x x4 + 1,783 x x5.

See Figuré1s:
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2aj initial crack size
A | crack size during growth
o | tension stress
t | thickness
H | leglength
Figure 18 — Root gap crack in a fillet welded cruciform joint
8.4.3 Solutions for magnification functiongMy
Pafametric formulae for My functions havé.been established for a variety of welded joints[43]{46].
Below, one formula is given, where thé 3-dimensional effects are included for a semi-cirqular weld
tog crack. The My values are giveniahd to get the stress intensity values, the Y-factors also need to be
colnputed (see 8.4.2) where thetY-factor can be identified as F5/vVQ in formulae of K3.
Thjis 3-dimensional Mg-solution was published by References [47] and [48] where the fitted formulae
ar¢ valid for membrane/sstréss and a weld toe angle of 45° and:
—| 0,005<a/t<10;
—1 0,1 <a/c<d)0;
—| 0,5<Lftx2,75, (if L/t > 2,75 then L/t = 2,75).
Se¢ Figute 19.
Figure 19 — Dimensions for different joints
35
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