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Analysis of results on improved welded joints

by I. Huther, H.P. Lieurade. R. Souissi. A. Nusshaumer, B. Chabrolin and J.J. Janosch (France)

Abstract

Recent studies have shown thar the use of improvement tech-
nigques on welds allows an increase in the level of admissible
Jatigue sirength (even more than 100%). The amt of this studh vas
1o collect and validue literanue daia. create a data base conta-
ing 1he joint characieristics and fatigue results. make a stanstical
analysis of the dara in order to quantify the effecr of parameters
influencing the fatigue strength and propose new S—N curves
which are compared 10 those given in Eurocode 3. Four improve-
ment techmiques (grinding. TIG dressing. hanuner peening. shor
peenmg) and four joint wvpes (bun, T joints, cruciform and longi-
indinal jouns) were 1aken vito accown. Joint thicknesses less than
25 mum loaded in air with a stress ratio R benveen 0 and 0.1 were
selecied. Three classes of vield sirength for the base metal were
considered. <400, 400-600, >600. All S—=N curves were above
those of as-welded assemblies. The best resulis were obiamed
with hanumer peening. The larger mcrease m the fatigue strength
due 10 the use of improvement techniques was due to the occur-
rence of an initiation phase in addition 10 the crack propagation
phase. During the initiation phase, the extension of existing
crack-like defects ts slovwed down or even siopped. The duranon
of this phase increases witl the 101al farigue life.

Keywords: Fatigue sirength: T1G remelting; Hammers: Peening,
Grinding; GTA weldmg: Statistical methods: Buit joinis:
Cruciform jours, T joinis: Longrudinal welds: Crack imitiation:
Improvement techniques

Résumé

Des éiudes récentes ont monué que Lwilisanon de 1echnigues de
parachévement des soudures permenent d’accroitre la résistance
admissible a la fatigue (jusqu'a plus de 100%). Le but de cetre
étude esr de compiler et de valider les données de la linéraure.
de créer une hase de données indiquant les caraciéristiques des
Joinis er leur résistance & la fatigue. d effectuer une analvse sia-
nstique des données a fin de quantifier 'influence des paraimérres
mfluant sur la résistance & la fatigue er de proposer de nouvelles
courbes S—N qui sonl comparées a celles spécifides dans
I'Eurocode 3. Quatre techniques d'amélioration (meulage, refu-
sion TIG, martelage er grenaillage) et quatre rypes de joinis (bout
a bour, assemblages en T, assemblage en croix el joinis longitu-
dinaux) ont é1é pris en compte. Les épasseurs considérées sont
inférieures a 25 mum (sollicitarions a l'air ambiany) et le rapport
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de charge R est de 0 et 0.1, Trois classes de limites d élasticité ont
é1é considérées: <400, 400-600 et >600 MPa. Toutes les courbes
S—N éraienr supérieures & celles des assemblages brur de
soudage. Les meilleurs vésultats ont £16 obtenus par manelage.
L augmentation de la résistance & la farigue sulte it ces traite-
ments d'amélioranon est due & 'apparition d’une phase d’initia-
rion des fissures, en plus de la phase de propagation. Lors de la
phase d'intianion, I'exiension des fissures exisianies est freinée er
méme stoppée. La dwnée de cene phase augmente avec la durée
de vie 10tale en futigue.

Mots clés: Résistance a la fatigue: Refusion TIG: Marteau:
Marteluge; Meulage: Soudage TIG: Méthodes statistiques; Joints
bour a bout; Joints cruciformes: Assemblages en T: Soudures lon-
girudinales; nittation des fissures: Méthodes d améliorarion

1. Introduction

Recent studies show that the use of improvement technigues on
welds allows an increase in the level of the admissible fatigue
strength (even of more than 100%). The gain is particularly good
when these techniques are used with high tensile steel.

The uvtilization of research results in industry. 10 take advantage of

these lechniques during design. requires the following:

— the specification of each improvement lechnique. defimng
the operational and control practices.

— the modification of actual design codes concerning the fatigue
of welded joints which do not take into account the improve-
ment techniques and the efficiency of high strength steels.

The rarget of this study is 1o collect the literature data and 10 pro-
vide a siatistical analysis.

The study includes the following steps:

— collecuon and vahdation of literature data

— creation of a data base m the form of sheets containing the
joint characleristics and fatigue results

— statistical analysis of the data base 1o quantfy the effect of
the parameters influencing the fatigue strength

— from the <tatistical analysis. proposal of new S—N curves.

2. Improvement techniques

The standard improvement techniques selected in this study are

the following:

— gnnding of the weld (0e to suppress defects and improve the
shape of the weld toe

— TIG dressing 10 eliminate weld toe defects and 10 increase
the weld 1oe radius

— hammer peening on the weld toe to modify the local
geometry and introduce a compressive field of residual
stresses
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— shot peening to introduce a compressive field of residual
stresses without modifying the geometry.

3. Data base

The data used in this study are bibhographical. from national and
internalional con(erences. publications, [IW documents. French
IS and CETIM documents.

To analyse the resulis published in these documents, a standard

data sheet was established from the data sheel used to collect lab-

oratory ftatigue results proposed by Commssion XIII of the 1IW

[1). This data sheet includes four pnncipal parts (see Appendix

1):

— chemical composition and mechanical properties of the base
metal

— welding process, composition and properties of the filler
metal

— characteristics of the improvement technique

— characteristics of joints and fatigue test results.

For each type of improvement techmque. the characteristics are:

— for grinding: the type of grinding 1ool and its radius. the
grinding direction, the number of passes and the ground
depth

— for T/G dressing: the current intensity. the voliage. the elec-
trode diameter, the speed of dressing, the gas flux and jts
composition. and the number of passes

— for hammer peening: the type of ool and s diameter, the
pressure, the speed and the number of passes

— [or shor peening. Almen intensity. the tension. the type of
balls and their diameter, 1he overlap ratio and the number of
passes.

Particular attention 1s given (o the joint geomeiry (micro and
macro). But there i3 little information on this point.

Based on 62 references for TIG dressing and shot peening and 39
for gnnding and hammer peening. the number of homogeneous
series of test results on sleel existing in the data bases:

— for grinding: 84
— for TIG dressing: 96
— for hammer peening: 33
— for shot peening: S3

plus the combinations:
—  stress release + TIG: 1 or
TIG + stress release: 3
— siress release + shot peening: 2 or
shot peening + stress release: 2
— TIG + shot peening: 2
— swress release + gnnding + shol peening: |
— hamyoper peening + grinding: |
— grinding + stress release: ]
— gnnding + shot peening: |

plus the as-welded results 10 be used as reference (33).

Some 300 data sheets form the data base.

4. Parametric analysis

To analyse the content of the data sheets, data are grouped in the
1ables given in Appendix 2 versus improvement techniques and
joint types with mention of the following parameters: yield

strength, material, thickness, load condition. environment, stress
ratio R and reference.

243

From these tables. for the four stndied improvement techmques,

we observe that:

— the majonity of data concemns butl joints, T joints, cruciform
and longitudinal non-load-carrying joints (Fig. 1)

— for a joint, there can exist different ranges of yield strength

— for a type of joint, the range of thicknesses is large

— fatigue testing in tension is predominant for the butt joints,
cruciform 2nd longitudinal non-load-carrying jownts and in
bending for T joints

— the stress ranos R are essentially 0 and 0.1, there are few
tests al R = -1

— the tests are made jn air essentially. few in sea walter

— for a given inawerial, there are (ew test results from different
ongins

— for a joint type and a material, there is, in moslt cases, only
one thickness tested.

5. Statistical analysis of results

For all test results. whatever the improvement may be, the jomnt
and (he environment, the mean S—N curves were determined by a
linear regression in log-log using S as function and N as variable.

If the population 1s homogeneous (lite scatter). the linear regres-
sion in log-log using S as function is equivalent 10 (he hinear
regression in log-log using N as function (used usually).

As the tests are heterogeneous (set of daia different). to take S as
vanable leads to aberrant results, on the other hand, to 1ake N as
variable gives more coherent results.

These mean S—N curves are only used as guide (o derive the slope
corresponding 10 each improvement technique and type of joint.

S\ Preanalysis

The <tatistical analysis was made on buti joints, T joints, cruci-
forms and longiwdinal non-load-carrying joints in air, since the
results are not sufficient in the other cases for a stanstical
analysis.

These results were grouped by improvement techniques. by type
of joints, according the stress ratio R (0 < R<0.1/R=-UUR >
0.1/-1 < R < 0), the vield sirength (YS < 500 MPa/YS > 500
MPa), and the loading condition (1ension and bending) in the
tables given in Appendix 3.

From these tables. we observe that the majority of results are for
0 <R < 0.1, and that there are few differences between the results
in tension and those in bending.

3.2, Analvsis

In the following, the swudy concems butt welds, cruciform, T and
longiudmal non-foad-carrying fillet welds., in air, a1 R between 0
and 0.1. with thicknesses Jower than 2S5 mm. and improved by
one of the following improvement techniques: hammer peening,
arinding, TIG dressing. and shot peening. We have considered
three classes of yield strength of the base metal: YS < 400 MPa,
400 < YS < 600 MPa and YS > 600 MPa.

[n each case. the (est results were ploited using log AG versus log
N (AG stress range and N number of ¢ycles at failure). The S-N
curves were modelled by log N = —m:log Ac + log C: the slope i,
the constant log C and the siandard deviation of log C were
calculated (Appendix 4). We have ploued the slope » angd the
value of AG al 2 X 10° cycles versus of the joint type for each
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Butt joints (A)

T joints (C)

Cruciform joints (D)

Longitudinal non-load-carrying joints (F)

P s I o N

L1

Fig. ). Tvpes of Joints

improvement technique and vield strength classes of the base
metal (Figs 2 and 4).

From histograms of m (Fig. 2), we observe that: 25~ YS < 400 MPa mean curve
— the slope of the S—N curves varies according to (he improve-

ment technique for the same joint and according to the joint

type for a given improvement technique m
— the difference between the slopes can be imponant for the

same type of joint according (o the improvement technique s
(e g. cruciform joints) or for the same improvement 0 Butt joint c,-uc,fo Tjoint Longitudinal
technique according (o the joint lype A D c F

— the slope varies for the same joint and the same ymprovement 45 400< YS < 600 MPa mean curve
technique when the yield strength varies (e.g. ground 2ol
cruciform joint). ;5_

. . 10~
Because of the scatter of resulis (differences due 1o plate thick-
nesses, welding process. and expenmental conditions), we have T :
determined empirically the envelope curves superior and mferior 0 B.mjoin. Cruciform T joint Longjtudinal
A D C F
25— YS > 600 MPa mean curve
20—
15
m
S 10~
G A A
0 i
Buu Joml Cmc1fomx T_.mnl Longitudipal
F
t B Hammer peening B TIG dressing
N D) Grinding & Shot peening

T v{ minimum
Fig. 2. Values of m deduced from mean curves (linear regression log Ac —
Scheme 1 fog V)
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YS < 400 MPa inferior envelope

8_
7
6
5
m 4 3
3 3
2 d
oL %
Butt joint  Cruciform T joint Longitudinal
A D C F

400 < YS < 600 MPa inferior envelope

8
7 —
6 —
5 —
m 4
3
2
2) il | Sl |
Butt joint  Cruciform T joint Longitudinal
A D C F
8 YS > 600 MPa inferior envelope
7
6
5
m 4
3
2
(1) | 1 ]
Butt joint

Cruciform T joint Longitudinal
D C F

A

1G dressing
&3 Shot peening

B Hammer peening
[ Grinding

Fig. 3. Values of m deduced from inferior envelope curves (on coordinates
log AG - log N)

to the test results so that these curves crossed at 10* cycles. The
tables of Appendix 4 give the estimated values of m, and AG at 2
x 10¢ cycles corresponding to the inferior envelope curve, for
each improvement technique and joint.

The histograms of m and Ac at 2 x 10 cycles as a function of the
joint type for each improvement technique and yield strength

YS < 400 MPa mean curve

Ao
%
(=)

K]
|
2
<]
3

Cruciform

T joint
D C

Butt joint Longitudinal
A F

400 < YS < 600 MPa mean curve

Cruciform T joint
A D C F

YS > 600 MPa mean curve

Longitudinal

350
300 X2
250 53
& 200 039}
4 1S
150 K
100 §:
XX

5 il | |
Butt joint Longitudinal

Cruciform T joint
D C F

W Hammer peening
[JGrinding

Bl TIG dressing
B Shot peening

Fig. 4. Values of Ac achieved on regression curve (log Ac - log N) for 2
x 108 cycles
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YS < 400 MPa inferior envelope

Butt joint Cruciform T joint Longitudinal
A D C F

400 < YS < 600 MPa inferior envelope

IHQ

Butt joint Cruciform T joint Longitudinal
A D F
YS > 600 MPa inferior envelope
350 —
300
250~
© 200
<1501~
100~ %
50—
0 IR | |
Butt joint  Cruciform T joint

Longitudinal
A D F

B Hammer peening
[ Grinding

Fig. 5. Values of Ac deduced from inferior envelope curve (on coordi-
nates log Ac —log N) for 2 x 10° cycles

TIG dressing
&I Shot peening

Table 1. Slope of S-N curves

Buttjoint  Cruciform T joint  Longitudinal
Slope m (A) (D) (&) (F)
Grinding 7 7 7 5
Hammer peening 10 10 10 8
TIG dressing 7 6 4
Shot peening 9 9 9

were plotted (Figs 3, 5). We observe that the slopes are smaller
than those achieved by linear regression, but vary in the same
way.

6. Proposed S—-N curves

From the results of the regression analysis, the following slopes
were derived. The slopes are independent of the yield strength
(YS) and all greater than 3 (Table 1).

The classification of the m values by increasing order is in rela-
tion to the efficiency of the improvement technique. In all cases,
m 1s greater than as-welded joints where m = 3.

Determination of design S—N curves is based on a statistical eval-

uation according to Eurocode 3 Annex Z [2]. The slope is

imposed at the value in Table 1, thus all results may be trans-

formed in stress ranges at 2 x 109 cycles. The analysis provides

the following results (Table 2):

— Ao, mean stress range (50% of probability of failure for 2 x
108 (cycles)

— s standard deviation associated with AG,, (assumed log-nor-
mal)

— S, stress range for 2 x 10° cycles and 5% of probability of
failure (this characteristic value is an estimation with a 75%
level of confidence)



Table 2. Improvement results

IMPROVED WELDED JOINTS

YS Jownt Techniques spe nb m Ac,, £ S, Sq1 Sa (AW) Spid Sge (AW)
< 400 Buit jo1nt Hammer peening 3 10 222 13 195 193 90 2.1
TIG dressing =60 7 291 37 202 178 2.0
Cruciform Hammer peening 19 10 24 18 211 209 71 29
TIG dresaing 43 6 233 49 152 126 1.8
Shot peening 66 9 196 28 150 144 2.0
T joint TI1G dressing 25 4 164 20 127 124 71-90 1.7
Longitudinal  Grinding 45 5 164 29 135 103 63-90 1.6
Harmer peening 1 & 226 8 210 206 32
Shol peening 26 5 123 15 97 95 1.5
400 < Buut joint TIG dressing 136 7 280 41 213 206 20 2.3
< 600 Cruciform Grinding 25 ? 195 164 162 71 23
TIG dressing 154 6 273 38 182 155 22
T joint TIG dressing 74 4 212 45 143 122 71-90 1.7
Shot peening 30 9 278 34 222 220 3l
> 600 Butt joint Shot peening 99 9 326 52 242 226 90 25
Cruciform Shot peening 33 9 232 4 ) 146 71 20
Longiiudinal ~ Shot peening 18 S 148 14 122 121 6390 19

Slope m fixed

Bu(()om( Cruciform T joint
A D o
YS <400 MPa
250
200
w 150
< 100

Longiwdinal
F

Sa design stress range for 2 X 10¢ cycles, It is oblained by
S

S,= —— where Y'.,fis a relevanl safety facior determined to
Y,

fulfil the required saflety level (or safety index f3)

S« modified ¢characieristic value obtained by

AY

Spe = Sa":’;w; S li

Y H
by Eurocode 3, whlle Y. has been determined by statistical
analysis of test results. In that way. Sg, is the final value that
may be adoplted [or the detail classificauon tables.
Ser (AW) i corresponding class (stress range for 2 x 10¢
cvcles) for as-welded detail of Eurocode 3.

. where Yo, is the safety factor imposed

Butt joint  Cruciform Tjoim Longitudinal

A D C F
400 > YS > 600 MPa

200

50
0 — -
Butt joint Crum"orm ’I‘Jom( Longitudinal
A D C F
YS > 600 MPa
250
200

p 150
<100
50
0

Buu]omt Crucnform ijm Longltudmal

Fig. 6. Values of m fixed for characieristic curves Jog AG - log N and
corresponding levels of Ao (S,) determined for 2 x 10¢ cycles

The statistical analysis 1s based on (he assumption of indepen-
dence between the sample mean and the sample standard devia-
tion, and on AG (or N) being log-normal. 1t may then be shown
thal the probability of any quantity m—k-s ()n samiple mean, s sam-
ple standard deviation) being lower than a given level is calculat-
ed from a non-centred Student's distnbution, the parameters of
which depend on the number of available test results.

We have plotted the imposed m and the corresponding Ac deter-
rained for 2 x 10¢ cycles, versus joint types and improvement
techniques for each class of yield strength. YS <400, 400 < YS <
600. YS > 600 MPa (Fig. 6). and the S—N curves for each type of
yoint (Fig. 7).

From the S—N curves (Fig. 7). we observe that:

— All curves are above the Eurocode 3 curves corresponding to
the as-welded joint, and exhibit a resistance increase due to
improvernent techniques.

— The S-N curves of improved joints in high tensile steel (YS
> 400 MPa) are above or on those of improved joints in mild
steel.

— For cruciform and longitudinal joints, the hammer peening
gives the better resulls.
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Butt joint (A)

(©)

3001

Cruciform joint (D)
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3 5
< ~ O~ -Hammer peecmng
- O-- TG . ~ -4 - Shat peening
100}~ - & Hammer peening 100 Eurocods
~ Eurocode - & ~TIG
: ~O-TG L -~C ~Grnding
R —— Shot peening | —&— Shol peening
| ! [ RN L | | Y S | }
50 50
10 10 103 106
Cycles Cycles
(b) T joint (C) (d) Longitudinal (F)
B
300 Brmee L 3004+~
a‘\;‘}‘_ -------- A
b [ ]
<1 ‘\E.E <
- C— OGrinding
100(~ -~ D= TIG 100~ - O~ Hammer peening
[~ —O— Eurocodc |_ - & Shot peening
[ -O-TIG | —— Eurocode
[ =& - Shot peening | —— Shot peening
| | I | | 1 | |
s0 50
10° 108 108 106
Cycles Cycles
D TIG dressing — —-YS <400 MPa

_____ 400 < YS < 600 MPa
—= YS > 600 MPa

© Hammer peening
© Grinding
& Shol peening

Fig. 7. Comparison belween characteristic curves of Lurocode and those achieved m the case of rmproved joints for cach joint type studied

(a) TIG dressing (c) Hammer peening
00 S--ol - 300 b= =
B s T [ BEzeaol
ﬁ“&:,: - ‘-...,_‘_ a -— __:_a_l_.‘o
- O “:—___": ~ - . itk
~ TN ITse ks
= ~%
£ - )
< -0~ - Bultjownt K‘»@ <
-~ T)omnt
100~ -~ &~ Cruciform 100{= o
[ --o - Buujoint [~ - © " Bun joint
.- T jone = O~ Cruciform
[~ --~o~- Cruciform [~ - & Longimdinal
] | I I O O R [ | | | 1§ 10101l 1 L 1|
50 50
10° 10 10° 108
N (¢ycles) N (cycles)
(b) Shot peening (d Grinding
rr
300[ 300-
O“--
f— — AL U=l e
..... ~ - - -0
5 5 -
< - -0~ Cruciform < =~ o~ -
- & Longitudinal T~ =
100 -0~ T joint - 100~ =
[ —D— Buttjoint N .
—0O— Cruciforo [~ © Looguudinal
[ —Zr— Longitudinal [~ Crucifocin
! | ¢ el L —— | | | ! [ 1 |
50 50
108 108 10f 1o
N (¢cycles) N (cycles)
D Buu joint — = YS <400 MPa
¢ Tjoime  -==== 400 < YS < 600 MPa
o Cruciform joint — YS > 600 MPa

4 Longitndinal

Fig. 8. Comparison ol efficiency of cach improvement techmque studied. versus joint type and yield strength leve] of base metal
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Table 3. As-welded results

IMPROVED WELDED JOINTS

Joint spe nb m AG, s S Sz (this study) Sy (Eurocode 3)
Butt joint 100 3 136 30 92 86 50
Cruciform 91 3 124 28 81 73 7]
T joint 66 3 140 28 98 94 71-90
Longitudinal 18 3 83 9 68 68 63-90
Table 4. The as-welded S,, are similar to those of Eurocode 3. therefore
the comparison between improvement results and those of
S S Su Eurocode 3 is justified.
Jownt Techniques m Re<400 Re>400 (AW)
— : ; For the butt joints, the experimental Sy 1s lower than that of
Butt joine ;G dressing ; 180 ;?5 90 Eurccode 3. perhaps because the lest specimens were indis-
H::I:gm:f . 0 105 <2 aligned. This phenomenon is not negligible. For T joints. (he test
nin . . .
P ¢ value is nearer to0 90 than 71 because the load of testing is bend-
Cruciform TIG dressine 6 195 155 7 ing and not tension. For the other joints, the S, values are the
Grinding 7 160 same.
Shot peening 9 145 145
Hammer peening 10 210 8. Conclusion
T joint TIG dressing 4 125 125 71-90  This study collected literalure data in the form of slandard data
Shot pecning 9 220 sheets (some 300 sheets). to anatyse them statistically and to
L o R establish S—N curves.
Longitudinal  Gnnding 5 105 63-71-
Shot peening 5 93 120 90 . . , B
Hammer peening 8 200 Four improvement \echniques (grinding, TIG dressing, hammer

n: slope of S—N curve
Sa- design stress range of improvement joints
S (AW): Eurocode 3 design stress range of as-welded )oints

— For butt joints, and the same steel (mild or high lensile
strength) whatever the improvement may be, the resulls are
similar (the S~N curves merge).

The S-N curves versus the improvement techniques were plotied
m Fig. 8.

We observe that:

— for TIG dressing and shol peening, the S-N curves are ditfer-
ent according to the joint; the better results are achieved for
butt yoints and the worse for longitudinal joints. according Lo
the code classification of as-welded joints:

— for hamumer peemng. the S-N curves of each joint are close:

— for grinding, a great difference exists between the results
according o the joint type.

7. Comparison between as-welded results and Eurocode 3

For each publication of improved results, as-welded results are
given as reference. These as-welded tests are analysed by the
same method of tests as improvement joints (Annex Z of the
Eurocode 3). A single class of yield strength are given because
the yield strength has no influence on S—N curve.

The slope of the S—N curve is imposed at 3. as in Eurocode 3, and
the results may be transformed in stress range at 2 x JOf cveles.
The analysis provides the results shown in Table 3.

peening, shor peening) for four joints (butt, T joinss, cruciform,
and longiiudinal joints) were taken into account in this study.

Afer a preliminary analysis. we selected joints with thickness
smaller than 25 mnr loaded 1n air. with a stress ratio R. between 0
and 0.1, Three classes of yield strength of base mewal (YS < 400,
400 < YS < 600. YS > 600 MPa) were considered.

After a statistical analysis (linear regression of test results), we
have fixed the slopes of the S-N curves for each joint type and
improvement techniques whatever the vield strength may be. Al
these slopes are greater than 3. They were used (o derive the
design stress range Sy, (Eurocode 3 method) at 2 x 10° cycles. Afl
the 5-N cunrves achieved are above those of as-welded assem-
blies. The better results are obtained with haramer peening.

In summary. we achieve the resulis shown in Table 4.

The rather large increase in the fatigue strength, due to the use of
improvement techniques. can be explained by the occurrence of a
so-called initiation phase in addition (o the crack propagation
phase. During the initiation phase. the extension of existing
“crack-like” defects is slowed down or even stopped. The dura-
1ion of this phase increases with the total fatigue life (or the
decrease on the stress range). It explains the effect observed on
the slope of the S—N curves.
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Appendix 1

Standard data sheet
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Example of data sheet
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Appendix 2 Part 1: Recapitulative tables of the data base, grouping the test versus improvement techniques and joint types
with mention of the following parameters: yield strength, material, thickness, load condition, environment, stress ratio

cmm
YS Type Thickness R= 0
Material (MPa)  Improvement of jonts (mm) Load G,  Environment References
A42 FP 280 Mill grinding Butt welded 10 Tension -1 Ar 23
A 5083P-0 Toe grinding Butt welded 6 Bending -1 Air 15
(alumynium) Laser remelting Butt welded 6 Bending -] Air 15
(speed 100 mm/mn) (V)
Laser remelung Butt welded 6 Bending -1 Air 15
(V=100 mm/mn)
(DFs =2 mm)
Laser remelung Butt welded 6 Bending - Alr 1S
(V = 800 mm/mn)
Laser remelung Butt welded 6 Bending ~1 Aar 15
(V=500 mm/mn)
(DFs = 4 mm)
AL 23§ 233 Hamner peening Butl welded 12 Bending 0 Air 38
AE 3355 399 Hammer peeming Butt welded 12 Bending 0 Air 38
BS 15 250 Light grinding Longitudinal 127 ° Tension 0 A 3.33,35.36
Full grinding Longuudinal 12.7 Tension 0 Atr 3,33,35.36
Full grinding Longiudinal 12.7 Tension 0 Air 3.33.35
Light grinding Cruciform 12.7 Tension 0 Air 3.33.34, 35,36
Full gnnding Cruciform 127 Tension 0 Air 3,33.35,36
Full grinding Cruciform 12,7 Tension 0 Air 3.33,35
Full grinding Longitudinal 12.7 Tensile 0 Air 23,35
(full peneuration welds)
Hammer peening Longitudinal 12.7 Tensile 0 Ar 33.35
Hammer peening Cruciform 12.7 Tensile 0 Air 33,34.35
Hammer peening + Cruciform 12.7 Tensile 0 Air 33,35
full gnnding
BS 968 340  Light grinding Cruciform 12.7 Tensile 0 Air 3.33.35
Full grinding Cruciform 12.7 Tensile 0 Air 33,35
Full grinding Cruciform 12.7 Tensile -1 Arr 33,38
Full gnnding Longnudimnal 12.7 Tensile 0 Aw 33,35
Hammer peening Cruciform 12.7 Tensile 0 Alr 33,35
BS 4360/43A 245 Disc ground Cruciform 12.5 Tension 0 Air 3.6.38
Disc ground Cruciform 125 Tension -1 Air 3.5.38
Disc ground Crucjform 12.5 Tension 03 Aar 3.5.38
Toe burr ground Cruciform 1235 Tenston 0 Avr 3,6.38
Fully burr ground Cruaiform 125 Tension 0 Arr 3.6.38
Disc ground Cruciform 125 Tension 0 Air 3.5
Hammer peemng Cruciform 12.5 Tension 0 Air 5.18.25
(4 passes)
Hammer peening (4 passe<) Cruciform 125 Tension -1 Air 5.18,25,28
Hammer peening (4 passes) Cructform 125 Tension 0.5 Air 5,18,25.28
Hammer peening (1 pass) Cruciform 12,5 Tension 0 Air 6.18
FMammer peening (2 passes) Cruciform 12.5 Tension 0 Air 6,18
Hamymer peening (3 passes) Cruciform 12,5 Tension 0 Air 6.18
Hammer peening (4 passes) Cruc)form 2s Tension 0 Air 6. 18,38
BS 4360/50A 333 Hammer peening Cruciform 13 Tension 0 Air 8
(4 passes, @12)
Hammer peening Cruciform 13 Tension 0 Air 8
(2 passes. ©6)
FHlammer peening Crucitorm 13 Tension 0 Air 8
(4 passes. @6)
Harnmer peening Cruciform 13 Tension 0 Air 8
(8 passes, G12)
Hammer peening Cruciform 13 Tension 0 Atr 8

(8 passes. 96)

Appendix 2. Conlinued on nex( page



Appendix 2 Part 1. Continued

0I"III‘
YS Tvpe Thickness R=
Matenal (MPa)  Improvement of joints (mm) Load Gny  Environment  References
EH 36 360 Shallow bury gnnding + Cruciform 10 Tension 0.1 Alr 51
disc gnnding Cruciform 22 Tension 0.1 Alr 51
Cruciform 40 Tension 0.1 Aur 51
Cruciform 80 Tension 01 Air 31
T 22 3-point bending 0.1 At S1
T 40 3-point bending ot Alr 5]
T 80 3-point bending 0.1 Arr Sl
Toe grinding (burr) depth: 0.4  Cruciform 10 Tension 0.1 Arr 51
Cruciform 22 Tenston ot Air 51
Cruciform 40 Tension 0.1 Arr 51
Crycttorm 80 Tension 01 Air 51
T 22 3-point bending 0.1 Alr St
T 40 3-pomnt bending 01 Air 51
T 80 3-point bending 0.1 Air St
F Local explosive treatment Butt welded 12 Bending — Alr 14
Fe 510D 385 Multiple point peening Longitudinal 20 Tension 0.1 Atr 21-27
or St 52-3 (gusset 100 mm)
Simple pownt peentng Longitudinal 20 Tension 0.1 Alr 2127
(gusset 100 mm)
Multiple pownt peening Longiudinal 20 Tension 0.t Air 21-27
(gusset 200 mm)
Simple point peening Longtudinal 20 Tension 01 A 21-27
(gusset 200 mm)
H75-3 8§10 Grinding Butt welded 8 0 Air 20
HSLA 472 Burr grinding Longitudinal 20 Tension 0.1 Air 9.22
Burr gnnding Reinforcement 20 Tension 0.1 Aie 9.22
Hammer peening Longnudinal 20 Tension 0.1 Arr 9.22
(single point)
Hammer peening Reinforcement 20 Tension 0.1 Aw 9.22
(smgle point)
Hammer peening Longitudinal 20 Tension 01 Ajr 9,22
(multiple points)
Hammer peening Reinforcement 20 Tencion 0.1 Air 9,22
¢multiple points)
HT 50 390  Ground Butt welded 12.7 Tension 0 Air 3
Ground But( welded 20 Tension env. 0 Air 3
Ground Butt welded Tension 0 Air 38
Ground Butt welded Tension 0 Alr 38
HT 60 420 Ground Cruaiform 25 Bending env 0 Air 3
HT 80 785 Ground Cruciform 25 Tension 0 Alr 3
Ground (MMA weld) Bun welded 50 Bending env, O Air 3
Ground (submerged arc weld)  Butt weided 50 Bending env. O Aar 3
Ground Butt welded Tension 0.05 Air 38
Ground Tension 0.6 Alr K
KE 36 452-  Ground Cruciform 40 3-point bending 0 Air 12
(TMCP) 479 Ground (width 50 mm)
Ground (15 pass weld)y Cruciform 40 3-point bending 0 Alr 12
Ground (6 pass weld) (width 300 mm)
Cruciform 22 3-pont bending 0 Air 12
Crucitorm 22 3-point bending 0 Air 12
Loycon QT 725 Ground Cruciform 12.5 Tension 0 Air 3-31,32,35
Hammer Cruciform 2.7 Tensile 0 Al 32.32.35
SM38Q 556 Grinding (@6) grain 24 Cructform 14 Tension 0 Alr 1
Grinding (B12) grain 24 Cruciform 14 Tension 0 Ajr |
Grinding (@6) grain 60 Crucsform 14 Tension 0 Arr 1
Grinding (J12) grawn 60 Cruciform 14 Tension 0 Air I
Hammer peening (@3) | pass  Cruciform 14 Tension 0 Air 1

Appendix 2. Continved on next page
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Appendix 2 Part 1: Continued

283

Tran
YS Type Thickness R=
Material (MPa)  Improvement of joints (mm) Load 6., Environment Relerences
BS 4360/50B 400 Hammer peening (4 passes) Cruciform 13 Tension 0 Air 8
Hammer peening (4 passes) Cruciform 13 Tension 0 Air 8
+ spot heated (1 pass tor weld)
Hammer peening (4 passes) Cruciform 13 Tension 0 Air 8
+ spot heated (2 passes
for weld)
BS 4360/50C Grindng (depth 2.5 mm. T 12.5 Tensile 0 Air 30
full width)
Grinding (depth 4.2 mm, T 12.5 Tensile 0 Alr 30
full width)
Grinding (depth 2.5 mm, Cructform 12.8 Tenstle 0 Air 30
{ull widih)
Grinding (depth 2.5 mm, T 12.5 Tensile 0 Air 30
partial width)
Grinding (depth 4.2 mm, T 125 Tencile 0 Air 30
partial width)
Grinding (depth 6.25 mm, T 12.8 Tenstle 0 Air 30
partial width)
BS 4360/50D 345 Disc ground Cruciform 38 Bending 0.1 Air 2.3.4,17,137,38
Grinding Cruciform 38 Bending 0.1 Sea waler 2.38
Disc ground Cruciform 25 Tension (1] Air 2,3.38
Drsc ground Cruciform 38 Bending 0 Precored  2,4.17.37
cathodic
prolection
Disc ground Cruciform 38 Bending 0 Cathodic 2
prolection
BS4360/50D 345  Gnnding T 30 Bending 0.05 Arr 7
Hammer peening Cruciform 25 Tension 0 Arr 2-38
Hammer peening Cruciform 38 Bending 0 Arr 2,438
Hammer peening Cruciform 38 Bending 0 Sea water 2.4
with cathodic
proteciion
Grinding T 50 +-pont bending 0 Air 24
Grinding T 100 4-point bending 0 Air pZ1
BS 4360/S0E 379 Grinding (burr) after Pipe 16 Bending -1 Air 29. 39
precracking
Grinding (burr) after Pipe 16 Bending -1 Atr 28.29
repair weld 50%
Grinding (burr) repair weld Pipe 16 Bending -1 Air 28.29
100%
BS 5500/API  410-  Burr grinding Pipe 8.)4  Pressure 10
X60 490
E 358 370  Grinding T 30 Bending 0.1 Air 2
E 355 KT 410 Grinding T 40 Bending 0.1 Air 2-38
Grinding T 40 Bending 0.1 Sea waler 2-38
E335R 430 Milg grinding Butt welded 8 Tension -1 Ar 23
SS 41 256~  Hammer peening ©10 Buu welded 13 Tension 0 Air 19
269 P =4kg/em?
Hammer peening 310 Buu welded I3 Tension 0 Atr 16
P =5 kg/em?
Hammer peening @8 Buit weided 13 Tension 0 Air 19
P =4 kglem?
Hammer peening @4 Butt welded 13 Tension 0 Air 19
P =15 kg/em?*
Machining @10 But( welded 13 Tension 0 Air 19
Grinding @180
Butt welded 4.5 Tension -1 Air 50

Appendix 2. Continned on next page
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Appendix 2 Part I: Continued

IMPROVED WELDED JOINTS

Sia
YS Type Thickness Rz ——
Material (MPa)  Improvement of joints (mm) Load Cn..  Emvironment References
Statwoil T 302 Toe grinding T 30 Bending 0.1 Air B
Toe grinding + shot peening T 30 Bending 0.1 Air 1
Grind T 30 3-point bending 0.1 Air 13
Grind T 160 Cantilever bencing 0.1 Air 13
Grind T 160 3-point bending 0.1 Air 13
Superelso 70 685 Disc ground Cruciform 12.5 Tension 0 Air 3,6
Toe burr ground Cruciform 12.5 Tension 0 Air 3,6-38
Fully burr ground Cructform 12.5 Tenston 0 Air 3.6
Haramer peening 4 pass @12 Cruciform 12.5 Tension 0 Air 6. 18-38
Ti6A 14V Grinding weld plasma arc Butt welded 12.7 Tension $.=250 A3 sea water synt, 16
titamum Grinding weld electron beam  Bur welded 12 Tension S, =250 A3 16
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Appendix 2 Part 2: Improvement technique: TIG (Tungsten Inert Gas)
Type of joint: Butt joint
Omin
Thickness R=
YS (MPa) Material (mm) Load Ornax Environment Conditions Reference
233 AE235 12 4-point bending 0 Air Manual 2
Auto 2
382 HT50A 12.7 Tension 0 Alr 25,46
HTS50B 20 Tension 0 Air 25,46
385 PN72/484018 12 Tension -1 Alr 23
-0.5 Alr 23
0.3 Air Standard welding 23
Controlled weld 23
399 AE355 12 4-point bending 0 Air Manual 2
Auto 2
8 Tension 0 Air Manual 2
550 E490 8 Tension 0.1 Air 13,14
3,28,36
629 Sts51v 15 Tension 0 Alr 62
769 St70vV 15 Tension 0 Ailr 62
-1 Air 62
824 HT80A 25 Tension Opin'8 Air S kl/em 25,46
15 kJ/em 25,46
15 kJ/em + 200°C 25,46
25 kJ/em + 200°C 25,46
878 St 90V 15 Tension 0 Alr 62
Type of joint: Overlap
Omin
Thickness R=
YS (MPa) Material (mm) Load O nax Environment Conditions Reference
226 S1312 10 Tension Opin = 14 Air 34
Oppin = 83 Air 34
465 DOMEX400 10 Tension Opin = 14 Air 34
Opmin = 124 Alr 34
472 HLSA 20 Tension 0.1 Air 53
22,53
796 0X802 10 Tension Omin = 14 Alr 34
Opin = 235 Air 34

min
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Appendix 2 Part 2: Continued

Improvement technique TIG (Tungsten Inert Gas)

Type of joint: T joint

Oonin
Thickness R=
YS (MPa) Material (mm) Load Omax Environment Conditions Reference
302 Statoil 160 3-point bending 0.1 Air 11
340 Statoil 70 Cantilever bending 0.1 Air 11
341 Statoil 100 3-point bending 0.1 Air 11
350 52-3 27 4-point bending 0.1 Air 40
St 52E 28 4-point bending 0 Air 48
360 55400 30 3-point bending 0.1 Air 1-pass weld 60
2-pass weld 60
1-pass weld root crack 60
1-pass weld bad condition 60
368 Statoil 30 3-point bending 0.1 Air 11
4-point bending 0.1 Air 39
409 Fe 510 40 4-point bending 0.1 Alr 49,50
(BS 4360D) Sea water 49,50
490 0X602 30 4-point bending 0.1 Air 40
Sea water 40
Sea water + cathode 40
500 E460 40 3-point bending 0.1 Air 20,41
Sea water + cathode 20,41
518 FG47CT 27 4-point bending 0.1 Alr 40
540 E460 40 3-point bending 0.1 Air 47
Sea water + cathode 47
706 E690 8 4-point bending 0.1 Air 54
754 E690 10 4-point bending 0.1 Air 44
3-point bending 0.1 Alr 44
775 E690 10 4-point bending 0.1 Air 15,44
Type of joint: Longitudinal non-load-carrying joint
Ormin
Thickness R=
YS (MPa) Material (mm) Load Omax Environment Conditions Reference
628 E560TM 6 Tension -1 Air Weld ¢ = 1.6 mm 35
1=099 Alr Weld ¢ = 1.6 mm 35
AV
-1 Air Weld ¢ =4 mm 35
=099 Air Weld ¢ =4 mm 35

AV
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Appendix 2 Part 2: Continued
Improvement techniques: TIG dressing (Tungsten Inert Gas)

Type of joint: Cruciform joint

Oumin
Thickness R=
YS (MPa) Material (mm) Load G nax Environment Conditions Reference
100 5086H111 6 Tension 0.1 Air With chamfer 31,32
With chamfer 31,92
250 AS1204 25 Tension 03 Alr 52
254 AE235 8 Tension 0 Air Auto 4,5,38
Manual 4,9, 38
-1 Auto 4,9, 38
Manual 4,5,35
345 BS4360-50D 25 Tension 0 Air 16
38 4-point bending 0 Air 16
372 BS4360-50D 30 Cantilever bending 0 Air 9
Sea water 9
387 AE355 8 Tension 0 Alr Auto 4,5,38
Manual 4,9, 38
-1 Alr Auto 4,5, 38
Manual 4,9, 38
423 SM41B 14 Tension Crin= 18 Air 12
Sea water 12
549 SM358Q 14 Tension 0 Alr 37
Opmax = O, Air 37
559 SMS58Q 16 Tension Omac = G, Air Weld ¢ =2 mm 61
Weld ¢ = 2.6 mm 6l
Weld ¢ = 3.2 mm 61
726 HT80C 13 Tension Gpin=18 Alr 33
764 HTS80 30 Cantilever bending 0 Air 9
Sea water 9
+ cathode 9
769 St 70V 15 Tension 0 Air 62
775 E690 10 Tension 0.1 Air 15,44
With chamfer 44
With chamfer 44
814 HT80B 16 Tension Cpin= 18 Alir Auto 25,46
d=10mm 33
d=15mm 33
d=5mm 33
d =0 mm 33
d=25mm 33
880 KF23M14B 8 Bending 0.1 Air 10
Type of joints: Lap-joint
0min
Thickness R=
YS (MPa) Material (mm) Load Cmax Environment Conditions Reference
628 ES60TM 6 Tension -1 Air 1.4 kJ/mm 35
1 kJ/mm 35

0.7 kJ/mm 35
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Appendix 2 Part 2: Continued

Improvement technique: Shot peening

Type of joint: Butt joint

259

Gmm
Thickness R =
YS (MPa) Material (mm) Load Crnax Environment Conditions Reference
100 S086H!LL 5.5 Tension 0.1 Alir Glass ball 31,32
Ceramic ball 31,32
Steel ball 3,32
430 7075773 30 Tension 0.1 Air 7
431 7075T6 10 Tension 0.1 Aitr Rounded pins 8
Ball 8
550 E490 8 Tension 0.1 Air 3,28, 36
629 St51V 15 Tension 0 Air 62
769 St 70V 15 Tension 0 Air 62
878 St 90V 15 Tension 0 Alr 62
890 E890 50 Tension 0 Air Ball Mi550 26
Ball S460 26
Type of joint: T joint
Crmin
Thickness R=
YS (MPa) Material (mm) Load O rmax Environment Conditions Reference
368 Statoil 30 4-point bending 0.1 Air 39
460 E460 30 3-point bending 0.1 Air 3,28, 36
17,30
27
20-22 Almen 45
500 E460 40 3-point bending 0.1 Alr 20, 41
Sea water 20,41
+ cathode
-1 Alr 20, 41
Bending (A.V.) ~1 Air 20, 41
515 E460 30 3-point bending 0.1 Alr 27
540 E460 40 3-point bending 0.1 Air 47
Sea water 0.7
+ cathode
550 E550 20 3-point bending 0.1 Air 45
3,28,36
560 E550 20 3-point bending 0.1 Air 17,30
775 E690 10 3-point bending 0.1 Air 15, 44
4-point bending 0.1 Air 15, 44
Type of joint: Longitudinal joint
Cmin
Thickness R=
YS (MPa) Material {mm) Load Onax Environment Conditions Reference
355 Al-Zn-Mg 9.5 Tension in = 31 Air 19
262 BS4360-43A 12.5 Tension 0 Alr 57,58
379 Fe510 20 Tension 0.1 Alr 55
392 BS4360-50B 20 Tension 0 Air 57,58
395 Fe510 20 Tension 0.1 Alr 56
727 < QT445A 20 Tension 0 Air 57,58
824 RQT700 12.5 Tension 0 Alr 57, 58
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Appendix 2 Part 2: Continued
Improvement technique: Shot peening

Type of joint: Cruciform joint

Crin
Thickness R=
YS (MPa) Material {mm) Load Conax Environment Conditions Reference
100 S086H111L 6 Tension 0.1 Air Without chamfer 31,32
glass ball
Ceramic ball 31,32
Steel ball 31,32
With chamfer glass ball 31, 32
Ceramic ball 31,32
Steel ball 31,32
250 Mild material — Tension 0 Air Weld ¢ = 0.5-1 51
0.012-0.016 A 51
0.016-0.02 A 51
262 BS4360-43A 12.5 Tension 0 Air 57,58
345 BS4360-50D 38 Cantilever bending 0 Air 0.016-0.02 A 43
0.024-0.028 A 43
Sea water 43
Sea water + cathode 43
360 E36-4 30 Tension 0.1 Air 18
373 BS4360-50B 13 Tension 0 Air MIG ¢ =0.6 6
0.012-0.016 A
380 BS4360-50B 13 Tension 0 Air MMA $=0.8 6
0.012-0.016 A
390 BS4360-50B — Tension -1 Alr 51
0 Air 5]
0.5 Air 51
392 BS4360-50B 12.5 Tension 0 Air 57,58
396 BS4360-50B 13 Tension 0 Air MMA ¢ =0.6 6
0.012-0.016 A
MMA ¢ =1
0.015-0.019 A
397 BS4360-50B 13 Tension 0 Air MMA ¢ =0.6 6
0.012-0.016 A
MMA ¢=038
0.024-0.028 A
400 BS4360-50B 13 Tension 0 Air MIG =06 6
0.012-0.016 A
MIG ¢ =0.8 6
0.012-0.016 A
769 St 70V 15 Tension 0 Alr 62
775 E690 10 Tension 0.1 Alr 15, 44
824 RQT700 13 Tension 0 Air 6
Type of joint: Lap-joint
Ciin
Thickness R=
YS (MPa) Material (mm) Load G nax Environment Conditions Reference

409 E36 — 4-point bending 0.1 Alr 29
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Appendix 2 Part 2: Continued

Improvement technique: Combination

Type of joint: Butt joint
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G
Thickness R= —
YS (MPa) Material (mm) Load Oinax Environment Conditions Reference
430 7075773 30 Tension Gae = 200 Stress release Flattened sol A3 42
+ shot sol A3 42
0.1 Shot + stress 2hto 150°C 7
release 4h1o150°C 7
60 hto 150°C 7
4 hto 160°C 7
337 A42FP 8 4-point bending 0.1 TIG + stress release 59
550 E490 8 Tension 0.1 Stress release + 13, 14
grinding + shot
629 St51V 15 Tension 0 TIG + stress release 62
769 St 70V 15 Tension 0 TIG + stress release 62
Shot + stress release
TIG + shot
878 St90v 15 Tension 0 TIG + stress release 62
960 TA6V 12.7 Tension o, =140 TIG + shot [
Type of joint: Cruciform joint
O-mm
Thickness R=
YS (MPa) Material (mm) Load Cnan Environment Conditions Reference
360 E36-4 30 Tension 0 Stress release + shot 18
396 BS4360-50B 13 Tension 0 Stress release + shot 6
421 HT60 25 4-point bending 0.1 Stress release + TIG 24
769 St 70V 15 Tension 0 Shot + stress release 62
TIG + stress release 62
TIG + shot 62
Type of joint: Longitudinal joint
Ginin
Thickness R =
YS (MPa) Material (mm) Load [N Environment Conditions Reference
355 Al-Zn-Mg 9.5 Tension COpjn = 31 Grinding + shot 19
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Appendix 3

Analysis of results by linear regression in log—log
log N=-mlog Ac + log C

m: slope

Mean curves

C: constant

IMPROVED WELDED JOINTS

Ac: for N =2 x 106 cycles

Improvement technique: Grinding
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
Slope  Constant  AG Slope  Constant Ao Slope  Constant  AG Slope  Constant Ac
0<R<0.1 Re < 500 Tension 7.16 2275 19843 11.22 30.77 151.23 8.37 2479  161.85 4.28 15.62 149.94
Bending 3.98 14.71 129.23 4.56 16.44  167.49
R=-1 Re < 500 Tension 6.46 20.96 185.24
Bending
R=03-05 Re < 500 Tension 5.89 18.82  132.77
Bending
Improvement technique: TIG dressing
Butt joint {A) T joint (C) Cruciform (D) Longitudinal (F)
Slope  Constant ~ AG Slope  Constant Ac Siope  Constant Ao Slope  Constant Ao
0<R<0.1 Re < 500 Tension 11.28 34.09  290.36 12.85 37.36  260.54 3.26 13.24 134.96
Bending 13.87 4140 3389 4.76 16.84 162.54 398 15.16  167.43
R=1 Re > 500 Tension 6.22 2143 26941 4.58 17.25 24584
Bending 3.65 14.78  208.18 4.86 18 255.79
R=-1 Re < 500 Tension 6.92 434 2505 15.07 44.57 34578
Bending
Re > 500 Tension 3.66 19.06  178.87 5.67 18.32 132
Bending
R=0.3-0.5 Re < 500 Tension 5.72 18.69 14598
Bending
R=0.3-0.5 Re < 500 Tension 41.03 106.39  275.11
Bending
Improvement technique: Shot peening
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
Slope  Constant  Ac Slope  Constant AG Slope  Constant Ac Slope  Constant Ac
0<R<0.1 Re < 500 Tension 92,12 216.09 189.3 10.13 29.64  201.17 4.64 15.95 119.7
Bending 9.77 2925 22231 5.03 17.67  181.39
Re > 500 Tension 923 2943 319.83 7.07 23.13 23938 4.94 17.01 147.29
Bending 8.26 2623 258.67
R=-1 Re < 500 Tension 11.64 3432 25521
Bending 491 17.83  223.12
R=0.3-05 Re <500 Tension 4.77 1645 132383

Bending
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Improvement technique: Hammer peening
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
Slope  Constant  AG Slope  Constant Ac Slope  Constant  AG Slope  Constant Ac
0<R<0.1 Re < 500 Tension 10.74 31.53 22285 — — — 7.88 24.11 181.74
Bending 5.88 2036 24533
Re > 500 Tension 5.68 2000  258.23
Bending
R=-1 Re < 500 Tension 5.79 18.88 147.94 9.41 29.83 316.7
Bending
R=03-05 Re < 500 Tension 7.64 22.86 146.55
Bending
Appendix 4

Test in air, on joints of thickness t £ 25 mm with load condition
(tension or bending) at R between 0 and 0.1

1. Analysis of results by linear regression in log—log.

2. Empirical estimation of inferior envelope curves of the results,

in log-log:

Mean curves

Improvement technique: Hammer peening

log N=-mlog AG + log C

n: number of failed specimens

m: slope

Ac: for N=2 x 10 cycles (MPa)

s: estimation of standard deviation (MPa).

Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac s n  Slope Ao s n Slope Ac s n Slope Ao s
Re < 400 30 1075 2229 14.7 19 838 2399 164 11 8.16 2259 7.5
400 < Re < 600 4 2.14 180.3 0.7
Re > 600 4 5.68 258.2 10.7
Improvement technique: Grinding
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac s n  Slope Ac s n Slope Ac s n Slope Ac s
Re < 400 8 7.16  198.4 49 18 1122 151.3 383 9 21.7 208 392 45 4.77 160.3 29.2
400 < Re < 600 25 5.86 1852 153 7 386  109.8 9.5
Re > 600 7 6.94 301Lt 119
Improvement technique: TIG dressing
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac s n  Slope Ac s n Slope Ac s n Slope Ac s
Re < 400 156 3252 583 25 3.92 161.6 203 48 12.87 2606 483
400 < Re < 600 156 6.19 2689 395 74 334 1987 427 154 462 2902 52

Re > 600




Improvement technique: Shot peening
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Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope AC s n  Slope Ao s n Slope Ac s n Slope AC s
Re <400 66 9.16 1941 280 26 4.64 119.7 14.3
400 < Re < 600 8 14.05 3425 28.7 30 9.35 277.7 337
Re > 600 99 10.7 330.5 527 33 8.78 2277 395 18 4.94 147.3 13.8
Inferior envelope curves
Improvement technique: Hammer peening
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac n Slope A i Slope AG n Slope Ac
Re < 400 30 6.1 187 19 6.3 215 11 6.9 212
400 < Re < 600
Re > 600
Improvement technique: Grinding
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac n Slope AC n Slope AG n Slope Ac
Re <400 30 7.4 201 18 3.5 73 9 7.7 149 45 4.2 122
400 < Re < 600 25 4.2 139 7 7.7 90
Re > 600 7 5.8 278
Improvement technique: TIG dressing
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ac n Slope AC n Slope Ac n Slope Ac
Re < 400 65 5.4 215 25 3.1 129 48 4.1 128
400 < Re < 600 156 3.9 184 74 3.2 149 154 4.2 252
Re > 600
Improvement technique: Shot peening
Butt joint (A) T joint (C) Cruciform (D) Longitudinal (F)
n Slope Ao n Slope Ac n Slope Ac n Slope Ac
Re < 400 66 4 142 26 3 93
400 < Re < 600 8 53 240 30 7.7 236
Re > 600 99 6 222 33 7.7 173 18 4.4 128
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