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Fatigue Behavior of Welded Joints in HT60 Grade TMCP Steel
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ABSTRACT : Application of the relationship da/dN=C(AK)" is effective in the analy-
sis of fatigue crack growth life. The values of material constant C and m have
great influences on the predicted fatigue life and the relationship between fatigue
crack growth rate(da/dN) and stress intensity factor range(AK) is effective in
fatigue crack growth behavior.

In this paper, fatigue crack growth behavior of the welded joints in HT60 grade
TMCP(Thermo Machanical Control Process) steel have been studied. To evalute
the fatigue crack'growth rates of HT60 grade TMCP steel, fatigue test was
performed by base metal(BM), heat affected zone(HAZ) and weld metal(WM) in
TMCP steel at room temperature. We determined the relationship of de/dN-AK by
correlation between C and m obtained from the Paris-Erdogan power law data sup-
plied HT60 grade TMCP steel.

The obtained results from this study indicate that fatigue crack growth rate of
TMCP steel is not influenced by softening effect which occurs in the HAZ when
high heat input weld is carried out. Softening effects, which affect fatigue proper-

ties, are shown that it is not affected to the fatigue growth rates significantly.
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Element C Si Mn P S S-Al
weight(%) | 0.14 | 0.26 | 1.23 | 0.015 | 0.001 | 0.045
Element Cr Cu Nb \%

weight (%)

0.01

0.01

0.012

0.004

2. MR 7|IAH ME

Oy [ E ﬂ.
(MPa) (MPa) (GPa) ob
447.18 614.88 244.28 0.727
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Specimen Depth Crack propagation

P2 2 mm

P Type P12 12 mm BM
P22 22 mm

| R2 2 mm

R Type R12 12 mm HAZ—WM
R22 22 mm
S2 2 mm

S Type S12 12 mm BM—HAZ—-WM
S22 22 mm

136

H2AE A" &3 CTAEHL gHog
FH AH ol & A2 7d J3go] upet ¥ 3
R 1Y 29k go] BHst AAsA L, CTAE
He| e a9 37 gk

g

2oL
A1
] !
s TYPE =l 2"| Bosa matol
o | I
[ 2% 1
| -—I—Wlldmdnl
e
ol/l
§ R TYRE o %I heat affect
| I/zone
12A1
I/l
I/;‘I
P TYPE ﬂ'/;'
o 1
1 ://: |UNrr:rnm




32 I2AE gy

2 g2 A]gelA & ASTM E647910) wlat CT
A FHHo) A A& FRo HE2AES
LA 77 A 27 dulFEe AFH £9 01
ol A Fth A2 &3 10tone) AME R4
B2 A 71 (MTS) & AH23atg oo, HHEE Poa
£ 12kN, 31% w37] 10Hz9) A o) st
Aojtao g &gy R=0322 3] F2AY

A8 %Z 4ol clipon gageZRE dojzx:=
T2/ +H9 COD(Crack Opening Displace-
ment) 2} 3tFAlole] FAEe}olAdLE o] &3l
Kikukawa-compliance®l & ©] &3}l &3 3}t
2335 ggZolE ol&stdq FHFNPAF P
& ASTM E64791914 A A& 4(5)& ol &5t
T3t

S YAk A=zAge] FFAH S TY 49 2 4. AN Zdup L DE
=
HT603 TMCP7Zel CTAEHS] dzAdZ
e 312 #}g olgste] SAY NLRINY A5S &
FT-:-‘:H A5t7) 98] 2 2 0](2mm, 12mm, 22mm)°]| A R
A -
Sl L — type, P types] AYOINS] NZRAUFEE
[ jl_. ws " s veare A Tt W vwste] 19 5, 1Y 63 H 40 YERAATE =
—_— " Tl @ 7 Ade HeaddgAse gRdes ¥
cotkire 2317] 918l 3]A 4 (Regression analysis) &
gt A 71719 FF HHUoR
A] 3t Paris-Erdogan?] o] &A= mgk 2 Cat
qz 4 TRAY S B 5} zhztel dolElgte) 1AM Ml e AAES
1.0E-2 — 1,062 —
I el [ 1
4 1.0E3 — i
1.06-3 — ] 7 :
J 1 WELD METAL : ma35906 “
] - 1063 | Co831904E.10
g : 1.0E4 — :
g 3 T irseE 0 ]
E 1.0E4 -E E -
: , 1.0E-4 —
1.0E-5 1‘ <
1.0E-5 — gmz:r";:u“ E N
1% S 1 wensmm
: ) | - ; X N Ce1M2MES
i T ozl -1, ; &om ! i o haz!
1.0E6 : T T T T T 1085 : T ot 1.0E-5 " T T T T T
10841 10Es2  VOEH 10842 1.0E+ 1,082

i

%)
(a) depth 2mm

delta K(MPa-m"

detta K (MPa-m™?)

(b) depth 12mm

detta K (MPa-m ")

(c) depth 22mm

3% 5 Rtype A|EHC| da/ dN-AK ZHA|

X6 M 4% 19961 128

137



4. A ANEH MEAH At

Specimen. No m C
P2 3.12501 4.66988E-09
P12 3.33368 1.83801E-09
P22 3.60041 1.11670E-09
HAZ 1.92606 7.08211E-08
R2 WM 3.57038 1.13611E-09
HAZ 7.62293 4.76738E-15
R12 WM 3.88316 3.54738E-10
HAZ 3.3966 1.96234E09
R22 WM 3.5966 8.31934E-10
BM 7.06704 1.39915E-14
S2 HAZ 3.44166 1.23095E-09
WM 3.18636 2.82840E-09
BM 6.86418 2.52965E-13
S12 HAZ 3.73371 5.88164E-10
WM 3.30768 2.10879E-09
BM 5.57977 1.30817E-12
S22 HAZ 4.15610 1.17656E-15
WM 3.94978 2.27917E-10
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# 5 X2 mitdt cit

Specimen m C r2
P 2 3.12501 4.66988E-09 0.928978
P12 3.33368 1.83801E-09 0.989641
P22 3.60041 1.11670E-09 0.947859
R 2 3.62464 9.33395E-10 0.979588
R 12 4.59276 3.03400E-11 0.965079
R 22 3.24003 3.17507E-09 0.956309
S 2 3.32513 1.68037E-09 0.970927
S12 3.53487 9.89617E-10 0.992893
S22 4.07705 1.44478E-10 0.968878
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