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Abstract

The fatigue test was carried out to evaluate the fatigue characteristics of the accelerated cooled
(ACC) TMCP steel and its welded joint. From this study, it was confirmed that ACC TMCP steel
has higher fatigue strength than conventional steels, After welding, however, the fatigue strength
of ACC TMCP steel was deteriorated associated with HAZ softening when weld reinforcement was
removed. On the other hand, with weld reinforcement, there is no effect of HAZ softening on the

fatigue strength of welded joint because it is strongly dependant on the detail weld geometry i.e.,
stress concentration factor. Accordingly the fatigue strength of actual welded joint increases with

decreasing the stress concentration factor of welded joint, regardless of HAZ softening.
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Table 2 Welding condition

Th(lxcnkrgsss Amp.  Volt. (cm?fndm ) (IE{J'/Ic'm)
16 830 35 22 78%
19 L 840 34 33 98
T 650 37

22 L 815 35 24 132%
T 650 37

25 L 920 35 20 174
T 650 37

L : Leading electrode T : Trailing electrode

* 1 fatigue test
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—= Table 1 Chemical compositions of steel plate and weld deposit, wt%
Chemical compositions
C Si Mn P S Cu Al Ni Ti Nb Ceq.

Steel plate (API-2H Gr50)
Weld deposit

0.08 0.20 1.35 0.011 0.001 0.20 0.024 0.24 0.012 0.014 0.33
0.07 0.29 1.36 0.016 0.008

0.010
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Fig.2. Specimen geometry of (a) tensile and
(b) fatigue specimens

uynit: mm

A4 e vish 2.

_ 1—exp{—0.9yT/h-(x—8)}
= 1+[ 1—-exp(—0.9yT/R-7/2)
1 h 0.65
’ (2. 8T/t~ 2'7) M®
) <0
‘J: /’ \

Fig. 3. Definition of variables for the calculation
of stress concentration factor, K¢

Fig. 4o 7}4v32+8 TMCPZ A1) v Al 5851
CEel Y ARETE sAlelgeh QAP 783
132 kJ/emql oF§AH 5ol mAle Axguct
ZBE7L @A A dotR = dstaldo] o o gkual) i
WAl er, AR E3-S fusion lines] A ok 10
mmPE DelA H2]4 FFH Q. 2w 9

TZ 254

Ho

HEAT INPUT
QT8 KJ/cm
) ©132 KJ/cm
%oop /e
| 858908 50
wr
g Ro opoe®
=
e J
T

Weld Metal | HAZ Base Metal

C 7]

70—
" 1 " 1 L " i A,

1 FL 1 2 L]
DISTANCE from FUSION LINE, cm

Fig. 4. Hardness profiles of ACC TMCP steel
welded joint

Fatelz g AR EZe W Q58 Jde =7
) 5:_1‘ 1

] "3 Fig. 44 QA=A ehghet,

Fig.5ell 84414 % W3l o1& 7142y T™-
CP A i AFEATY JAFE d3hE w4
BTk Fig. 54 Bl FRe] 331359 o384l
ZlddElel S8 AR EE A on Asksg

oo} QR Bl HE FHY AR APEE
A hokeh wekd Figdash 59 Aae g
Aol A% AsHALe BAGel BARLE Aue
A3 AYelsted Fm geh

=
g
~
=
b4
= l g \O“-\
© o '—8'
z“ o
= By constraint
=
wv
w
=
2 o[ —m ]
w
Y
As-Ré 00 ; #o : TALQ . 10

HEAT INPUT, KJ/cm

Fig.5. Variation of the joint strength with welding

heat input
Fig. 564 %% A 2449 ZEH AR
2AAR Fole] sted WAk Aol whE
%ﬁ?ial‘ﬂ A 5’4—4 73'?" q %X]ﬁd—? @i}% °é°§fi}—‘i‘-

23 oA o) BLM A 1
g A o] AHEYG R l FEA 514 = n 2 (Fig. 4) =
EAAR Alsdel wsted QgRE] =AYl
I A% HE7 AAARE S5 48" 49
FHelAnt AA A =5 QIgREZre] <k 4-5kg/
mm?abE oS AElHcte ¥nE glomz, ) 434

Journal of KWS, Vol.6, No.1, Mar., 1988

}7& dstadate] Al



749E TMCPAA H3d 459 254

3.2.1, s|2qd

Fig. 62 914

N A8 At

2#d AAEEE vehl
23604 EABg ol

7 A=l o] fusio

TMCPAA A A LA A & 458 271
ok o AP Feld AANAA 5

-U-IE EH
Azt

34 A4 (dK=const.) A&t
TMCP7}A] -4 3ol 4] Q261 5]

Zleleh. Fig.6u¢] A3

sleFd e gz e
S5 AsslE A Sold

J 03'.‘. ojo

n lined] <

ycle)

{mlc
o,
T

dasdn

AK 30 MPa/m

]

vw.

HAZ B8M
%uo
Ak
AT T
7o ‘% Hv 1o
o
Zreof O Jdmm,
T \oq/
150t
CRACK LENGTH
Fig. 6. Effect of HAZ softening on fatigue crack
growth rate under constant stress intensity
factor condition in ACC TMCP steel welded
joint?
Fig. 651 4] ®o] F3o] dzlnl o g e o7
F9 A HEL 2 7

24, 27418 fusion lines)] A

g 3o A A A]
7 felet. A

=]¢] fusion linex} 23] 8} =izt
SR A4 AAA T ¥ 5hed

A sls o R A s Al A SobE
o -8-% Fig. 744 mo}fa glehl

ol ] Aslzie slangd s Astdze] vA e
Ao Tads o 5 gled, old =& -?773
B9 ylezk 4yt ek @y kYA

31

AS-WELDED

16°+
©
)

>

<
E

W0

c Qe
v >
o ce®
o]

O0:HAZ
®: BASE METAL

20 30 40 50 60 70
aK (MPa/m )

Fig. 7. Effect of HAZ softening on fatigue crack

growth rate under constant load condition

in ACC TMCP steel welded joint™

TMCP7A) 8] &7 o o 8pie] A8 o 23rol shs

5 Zote] Ba e A tqhwlonrﬂ oz
E AL AR A EA BosldomE) X e
2 g

A= O]:,‘ /Ov LPQl/

3.2.2, 3|& 75

Fig. 84| 71473 TMCP7A) &F 2 -3-2{%-2 5]

=l e O

2l WE v o ew 0 Baystlnh, Al
o A% S se] gl Eg S gAls] AT LeRA,
s AL SR A aEs
i A ghel G4l o Bl ate] &gt spgl A TMCP
o |
7 \
E.w o TR l
o | T 0T T8
* o ——l o=
» o~ ‘
2 o=
x UNFAILURE
5 sl o ————
I o Ty ]
HEAT INPUT: 132K)/¢m
.t
. \ A s

107 0% oV
No of [YCLE to FAILURE

Tig.8. Effcct of HAZ softening on fatigue stre-
ngth of ACC TMCP steel welded joint
withcut reinforcenient



32

A AN sl 2AE 85 g AheE 2ol Fig. 8
oA meFRo] mAle A4 F2F % oF 40kg/
mm?2o 2 Ags $E AR Frisgdes, &3
B H2dse &4 4934 d3ldges st
o mAd uste] AdbH o FASQT | 2agt
% %5 Photo. 2¢] viElR uhs} o] @3E 2
R A w4

Fig. 99 gd o] A2 v2 &8y TMCP
A A §55-9 o 3
oz gjgwFe] A& 78k]/cm¥
2 £A43182k)/cm) R S 2RAE @ 2
o F32 glek. @Y AE vke} o] oF A4
AZEI AR Aole AY glomr o &
FRY sladEAtels 4% Hild w2

o
Sy,

a3ta
el 7lalgl Aol ohslw stk
ol
* NG HEAT INPUT
i Q b\ ©78 KI/cm
. 4o é\ o Q132 Ki/em
e ~
&L
>
<
30
%]
(%]
& |
&
&
2l ﬂ]_ Kt=286 8=
L \UNFAILURE
" B — -

No of CYCLE to FAILURE

Fig.9. Variation of the fatigue strength of ACC
TMCP steel welded joint with reinforcement

A ze TMCPZA $8%9 slzA%e] =13
ARG GTE 2 383 T sl rs}cﬁ

50}~ Ne
| o
o o.e
T ~
E Q
£ NG
Syl °
= &%
>
& HEAT INPUT o
v 78 KJ/tm \
20+ - - O~
Lo - _J \\ UNF AlLURE
O As-Welded
S PWHT
0° o “o'
No of CYCLE to FAILURE
Fig.10. Effect of PWHT on fatigue strength of

ACC TMCP steel welded joint with
reinforcement

.7:1

M

L,
2L

3

Ho

o =Alstg . A RelA Bk upe) xbo]7s
2o A FolE A A 13 o@z} o $9
Aol A3 23 A3tz qlstd EFREY A= ¥
AsHA gtadeh 2dd TR 9 29 35
P = ETsla Fig. 106] =415 wle} o] X
Az A-Fo HAAd LJ4Y H=gE HIe
JAHR gomw, st&lzy TMCP7A] 23X
9 slzRsr dsagd BAegel 23Rt o
7] Photo.18] s}5vizte TMCPZR £31%-9] 5]
zsha Al A R FRol, SAYAA AR B
7} e odedo] fusion lines| 4] ¢F 10mm = elR 3¢
ol = FFea(Fig. 4), ¢ 939 slzFgde
T 419 3wk toe(Photo. 18] 3AFz Yol 4
A B AstEle] 3 F s]2slgte] WA= gl
Photo. 18] (a)+= Jd #ke] 78kJ/cmel &7 F-ol A
9 slzsbukg, (b= @ *Fel 132kJ/cmgl £ 4
A48 slzshd 4 el Folth B o
$7%e sz FEsE sFEdaAd TMCPZA o
Astadste Agel $4% A% AstEa o
2] Aelel AR Aoloby AE DES

ol'o

= A% T

o 3
Fractured specimen after fatigue test;
(a) heat input=78 kJ/cm, (b) heat input
=132 kJ/cm
AN S
2g, s2Fggde] ¥y
& =T A4MDE & }°%
o $HY¥ $HAFA 14% Fig. 110] =
Fig. 11l 4 R F5o] AL N Sxj4de
4oz ek SHAY A ek} 23

Photo. 1.

)
of¥

A
Booo @ Lo oo X

l‘-?l
o

1

o 32

9

.1[}4 -lm L
o

wol, AE A9k =4 2k 7d

%
bt
LA T A

S
(4
1o
1
nt{o
rE
ol
offt
o
A
N, oo
v
]
|a
fu
rz._’
i
de o
ofe
e et

i 4 wek 2TEF
% 94 %01 78k1/cm°1 7FEE A
=]

_,_,
=
=
]og
(@]
la~]

Journal of KWS, Vol.6, No.1, Mar., 1988



422 TMCPZA A4 $4%-2 9254

40
—
a0l
<
s
z -
© 201
=
2 HEAT INPUT 77
I 1B2K/em / HEAT INPUT
- Aver: 173 7 /s g7 78 KJ)/tm
2 Min. : 1.49 Aver.: 2.36
1o AN ,
Max. : 2.07 7 g :m. : 120.3‘
1 5 ax
r 1, v .
AN K 7
L V499,90 m
1 185 2.8 3

2
STRESS CONCENTRATION FACTOR, Kt
Fig.11. Variation of the stress concentration

fa_ctor along the lower toe of the welded

joints
A A Hx 28670 BT LA EEHQLeH, g4
2o} 132kJ/cmql A Apdle BT 1.73
e 1.49 2@ ol 2.072 225 gk
add S SJeFde $FAAFATA AR
Z RAA wAsddn ¥ F gleng, 4T
Sl2s4e RTLAATAF ok Ad$AAF
Az Agstee] Aol upgtA siel. Fig. 944 37}
R ok 2Ry oEREe wate vtz 434
Asken G4 wel, & $AATAS Aolel
Qsle] 88 AFA G (Kt=2.86)7F & 78k]/cm &
o] ARy S AFEA S (Kt=2.00)7F 5 132
kJ/em Q=] -2 Yo ¥ste o szt
AstslA 2 Aol

4. & d&

Fig. 126} 13¢] 7}537z8 TMCP 732 2 84
7% WaE e sk 34, 5

A A H2 FPstel EAskglrh. Fig 129} 13

A B FEe] F&uzy TMCP A 9 &4 F=

SE A FA T 1

oo -z

BIELY

73 9-(weld reinforcement off)

0 e o
= —
N e T
E-— N \ e
S “\
o s
»* “~
Dol \
w N
& -~
@ N
— metal AN
T Base 02K/ cm, Kts \
- - Welded mo[ﬂxuu, Kt=2.07 RN
- 10K)/cm, K206 N

1 i — 1
- w

- o >
No of CYCLE to FAILURE
Fig.12. Variation of the fatigue strength

KErhE ek, #6354, 1R, 19884E 34

33
50
E
~ [ O
> \\
Y40 softening *Q
=
e L
™o
- geometry
[
- 30+
=
o
]
® r @]
=
w \
(Y9} N
D 20k l—— Welded Joint O
o
—
<
Y- =
| 1 . 1 1
Base Metal 1 3

z .
S.CF. (Kt

Fig.13. Reduction of the fatigue strength with
welding and stress concentration factor

ol = dzle e &g sl2AEAs) A=z g
o, A SR Aoy Azl Fas
$AAFA 5 A2 skl $HFS 2=
27 "= AN FHAFTA T ADF
$A432) S 2REE 27 AshL e

ol 49 A5 AEFAs P4 TIHHLE 3
shed 2w o83} Bk A4 7HE TMCPAA & &
el zte] dggEe 2Arrt AstsEe A3
of WA} o ARASLE el o Yol
o Fridd AsEEst ForEE, $139 o2
EE AstsA 2o zu A AP AE 24
Fe) A Ay Baol s2REE AR5 o
2 o 3ha 4l 94%& dge R gEeh o
7] Szsn 945 A5 AFPIo ohd $3
B e} ton] 2%, 715928 TMCPZA -S4 4
8 HezAd5e Asd A A A s 9o 214
oz §R% Saked 4ol &5k Aok
Photo. 26l &= 1A W =] 2 A1gF 74 78 TMCP

L

oF
e X

AL ALELE b $HTE A

AT AR S 2AGol ABALAe] = o
5 QG HAA A ool ok Aol sz
A A AREg Fagel dRHged, 48
SRR EE L oﬂszm gy T &
R4 sk toeo 4 S| ZFAe] A WL Aol 9



34

Photo. 2. Fractured specimen after (a) tensile, (b)
fatigue(without weld reinforcement) and,
(c) fatigue (with weld reinforcement)
test
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