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Characteristics of Fatigue Crack Propagations with Respect to Loading Directions in
Butt-Welded Steel Plates with the Same Direction of Rolling and Welding Bead
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Abstract

Most of the welding steel plate structures have complicated' mechanical problems such as rolling directional
characteristics and residual stresses caused by manufacturing process. For the enhancement of reliability and safety in
those structures, therefore, a systematic investigation is required. SS400 steel plate used for common structures was
selected and welded by FCAW butt-welding process for this study, and then it was studied experimently about
characteristics of fatigue crack propagations with respect to rolling direction and welding residual stress of welded steel
plates. When the angles between rolling direction and tensile loading direction in base material are increased, their
ultimate strength not show a significant difference, but yielding strength are increased and elongations are decreased
uniformly. It is also shown that fatigue crack growth rate can be increased from those results. When the angles
between welding bead direction and loading direction in welded material are increase, fatigue crack growth rate of
them are decreased and influenced uniformly according to the conditions of residual stress distribution. In these results,
it is shown that the welded steel plate structures are needed to harmonize distributed welding residual stress, rolling
direction and loading direction for the improvement of safety and endurance in manufacture of their structures.
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Table 1 Chemical compositions of specimen

Chemical compositions (wt.%)
C Si Mn P S
S5400 0.13 0.14 0.70 [0.003| 0.045
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Fig. 1 Configuration of tensile specimen
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Table 2 FCAW condition for fatigue specimen

Voltage giiit;i Electrode | Gas Flux| Velocity
V) (A) (Dia.mm)| (L/min) | (cm/min)
26 230 1 12 40
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Fig. 2 Configuration of base metal specimen for
fatigue test
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Fig. 3 Configuration of welded steel plate specimen
for fatigue test

Fig. 4 Apparatus for tensile test(UTM: MODEL
T48-0)
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Fig. 5 Apparatus for fatlgue test(Instron 8511)

Table 3 Conditions of fatigue test

Stress
Frequency | Maximum | Minimum| ratio | Tempera
of loading load load R= ture
(Hz) (kN) (kN) 0 min (T
0 max
10 24.5 0 0 15

24 S 2F$Y BISE Terada 23 ARAA
283 nxﬂgl M2Fd 14 Agus gdxa s
M ARE s,

w
1>
e
fizk

2z ¢ 1

31 2ol gfeddistol g J(AHY 4& ¢
n2&4

22 AER Az AW Zdxo] mE QAN
2HE TPHoE Jed Fig. 63 2t AAE
T k] digt Alse] qfawrdke] 45° ¢ 90°¢
7357 0°, 30°, 60°9] AR} 6~7%2 S S
Yehta glou Autdoz & zole g, FEAE
© AAH R 18~25%9 Fo] Ael2 ARPE] A
$EE & zojE Holm glon, 45°9 A okztel
AolE Adeta, siEHdd ddwEd Axr) F4E
A Jvehde AFE Holn vk Jlm dAEe
dAREg Azt 245 A e FES Holn
T, o Ade FEATI} EE5E QAELS W
el eS¢ 4 Ut HEdd JAAERS
Fig. 73 oW Paris law”2ZFE 78 A3
#S YERIY Table 49 2t} A8 4dws 4w
7} 0°, 30°, 45°, 60° ¥ 90°% Z7|3t wel Ha7

535



. JEE-HdAdd-2d Y
100 ‘ — ; . — Z;(g) 40 T T T T
350 F e B 16

——— 16

E so0f ° ’ 12 s E

60 X
é Pl A/\Q/A i 58 5,_
© 200 e {o g .
—é L A-0 ! Yield strength [ §4 .g 2
% 160} —0-a  Tensile strength] 4 ?2 g) g
£ |-@~Elongation 150 2 j‘;’
5 100 . 1" E
£ 146 3
| 144 2
42 g
N 10 o

0

30°

1 s 1
45° 60° 90°

Angles between rolling and tensile loading direction, 8°

Fig. 6 o,

Crack growth rate, da/dN(m/cycle)

rolling and tensile loading direction

0, and elongation vs. angles between

10~8

10-7} |-a-g5°

Stress intensity factor range, 4K (MPa - m¥/2)

20

30

40

Fig. 7 Crack growth rate vs. stress intensity factor r

ange

Table 4 Material constants by Paris law

C m

0° 2x10™ 4.3575

30° 3x107 4.2985

45° 5x10™ 4.2148

60° 3x10™ 4.3807

90° 2x10™ 4.5529
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Fig. 8 Distribution of residual stress in weldments
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Fig. 9 Crack growth rate, da/dN vs. S.I.F.R.
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Fig. 10 Crack growth rate, da/dN vs. S.I.F.R.
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Fig. 11 Crack growth rate, da/dN vs. S.I.F.R.
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Fig. 12 Crack growth rate, da/dN) vs. S.L.LF.R.
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Fig. 13 Crack growth rate, da/dN vs. S.I.LF.R.
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