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Effect of Stress Ratio on Fatigue Crack Propagation Processing of
Structural Steel

Kyeong-Dong Park*, Yeong-Jin Shin**, Ju-Yeong Lee”

ABSTRACT

The lightness of components required on marine and shipbuilding industry is requiring high strength of
components. In particular, fatigue failure phenomena, which happen in metal, bring on danger in human life and
property. Therefore, antifatigue failure technology takes an important part on current industries. In this study, it
is investigated about endurance and fatigue crack propagation rate of according to welding methods such as
SMAW, FCAW and SAW commonly used for welding structures in present. Endurance limits carried out highly
in the order of SMAW, FCAW, SAW and fatigue crack propagation rate out lowly in the order of SMAW,
FCAW, SAW. By these results, it is needed to use SMAW welding method for welding structures with small
welding capacity and FCAW, SAW methods for large welding structures after consideration about economic
gains and operation efficiency of welding. Fatigue crack propagation rate is more affected by strength of welding
materials than endurance limit of welding materials according to welding methods.

Key Words : Fatigue crack propagation ratio(¥] 2+ € 3174 %), Welding method(€-%*3), Endurance limit(U]
73k), Fatigue Characteristics(3] 2 5-4)
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Table 1 Chemical composition of base metal and
filler metals(wt, %)

C Si Mn P S Cr

Base metal | 0.130 | 0.130 | 1.010 | 0.019 | 0.002 | 0.024
Filler metal| 0.055| 0.470 | 1.200 | 0.013 | 0.010| -
Table 2 Mechanical properties of base metal and
filler metals
Tensile Yield Elonaation
Strength Strength (3 )
(MPa) (MPa) 0
Base metal 456 329 31
Filler metal 580 510 28

(a) Base metal
Fig. 1 CT specimen of base metal and weld metal

(b) Weld metal
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Fig. 3 Apparatus of fatigue test machine

AgslE FPFL AFAISine)E st Hg $HH]
+ R=0.1, R=0.3, R=0.6, =3} 10HzZ 3}¥t}. &
27FY Zo] & COD FHACIAE o] &3 AZ
grolAdam oz =2Hsg o, ASTM E647-059] <A
AK ZHarfo g mgddidoe] AxE u 74x] 48
St AFAS 37 A% SHEUAST JKE
21 (1) 2o,

_Kmin (Kmin>0)

AK = @)
(Kminso)

da|/ dN=C(AK) ™ (3)

o2 Yeual, guig A HAdxes wg

1 bl
t} 7|4 Co me ABAFEA 1 e TAAE,
Y 34 TERE 59 #EIAEE @ FHE 4=

g 5 A Il

3. 4

1o
X
i
0
Kl
il

3.1 BYRo wE EEEE

Fig. 4o &3l we 457 ZAekyxs Y
Bl Aojth AN WE SRR BAreire
it gk B (Base metal)2] 73 -7 135(Hv), SMAW &
Al 735 203(Hv), FCAW &H 9] -9 214(Hv),
SAW &4 A9 B¢ 190(HV) = Yt o= &4
Hel 719038 Aoz ARoy 2 dGdFFg € o
gol JdFoz dAddn 7 S oA
FCAW &4Ro] 7H¢ =2 A& Uehlen, SAW
SRR 7P B2 A5 UEislen, 1 Aol

A YA B2 Ao2 YEhs.

240 F
214Hv
220 7 203Hv N A A
el I S - ¢
200 F : -_._H. B S~
. = L Wl
180 = {a0Hv v
; 5
T 10|
@ L
O 140 | A .
5 o e gy T e g
& qo [ 128KV
00 L 4 FCAW
s —8— SMAW
80 | v SAW
- —&— Base Metal
80 |- L
o 2 i B &8 10
Distance{mm)
Fig. 4 Result of hardness test according to welding

method

32 L2AEEE

Fig. 5~72 $=H|(R)7} 0.1, 03, 06914 =EA,
SMAW, FCAW, SAW AJ¥He] I d&EE
(da/dN) 9} 8- S Al AK) ko] #AE e AT
SHSPASFT AK=150hym L W ZH
WE J2FIEAAELEER|(da/dN)S B2 Table
37 o] Z+ Sl UoJA SMAW -8 A}
FCAW &4 A)7} SAW - 219} = Ao H]&) e 3
FHEEEE e U3 & 7 Aok =23 &
Gul7t 2555 74 A0 JRAEEEE VH45E
Ha Qe Aol Yelstth Table 40 81314132 2 oh
AT AKn)= SEH 2 S8 d2 Yehf ok

- 67 -



WA, A9, o5 : B

Z1AI7}E8 3] A Al5H, A4z

Fatigue crack growth rate, dadi(mmicycle)

Fig. 5

Fatigue crack growth rate, dafdnimrmicycle)

Fig. 6

L - T Orientation
Stress Ratio: R = 0.1
1E-4 |
1E-5 |
G
£
1E-6 | &
& o
ay o}
& %
<7 Base metal
FC AW
O EMAW
LN YA
1E-7 L
5 6 7 8 040 20 30

Stress intensity factor range, A% (MPa m™)

Relation between fatigue crack growth rate
and stress intensity factor range (R=0.1)

L - T Orientation
Stress Ratio: R = 0.3

1E-& [
1E-6 [
<> Base metal
FC A
Lo} S hl AN
& gAu
1E-7 L
g & 7 8 910 20 320

Stress intensity factor range, Ax(MPa m'?)

Relation between fatigue crack growth rate
and stress intensity factor range (R=0.3)

S8 019w ZAAIGES da/dNe] ZH-§- AK=15
MPaym A SMAW €4 Y Wl 4.79x10°mm/cycle,
FCAW £H%Y 79 9.08x10°mi/cycle, SAW &7
o] 797} 1.46x10°mn/cycleZ SMAW &4 A%
7} 7V 7ol a thEo] FCAW &8 R ol SAW &
Ao A7 71 714 Ao 2 JElth R=06
AN SHEASH WA IKn) 7t & FHAaTFS Ve
Wola, SMAW &AM 3HsHA-S-E S Al 54
Kn)7F =4 Yebd& & 4 Atk ol FCAW &3 A
7} AFBE7} Eot A H S NAH AKe) FhO]
= dehgelgt gddlod 238 e 3 yE
Wiz 9o &3l 7IQ1st Aoz Ao

L - T Orientation
Stress Ratio: R = 0.6

-

m

I
T

-

m

th
T

Fatigue crack growth rate, dacihvimmicycle)

P
§ £ p
25 ) o
1E-B | o &
g o)
£+ Base metal
F S A
B o smaw
AR =T
1E-7 L
& &6 7 8 910 20 30

Stress intensity factor range, A& (MPa m™®)

Fig. 7 Relation between fatigue crack growth rate
and stress intensity factor range (R=0.6)

Table 3 da/dN at AK=15WPa /7

Stress ratio | Base metal | SMAW FCAW SAW
0.1 2.33x10° | 4.79x10° | 9.08x10° | 1.46x10°
0.3 2.83x10° | 7.50x10° | 1.30x10° | 1.60x10°
0.6 347x10° | 7.77x10° | 1.43x10° | 1.93x10°
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