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Variation of Welded-Joint Tensile Strength of GMA Welded
Accelerated-Cooled Steel
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*Division of Materials Seience and Engineering, PKNU, Pusan 608-739, Korea

Abstract

Variation of welded-joint hardness and tensile strength of a accelerated-cooled fine-grained ferritic-
pearlitic steel with heat input was investigated. In a weld heat-affected zone, a softened zone was
formed and it had lower hardness than that of a base metal. While the width of a softened zone
increased continuously with an increase of heat input up to 100kJ/cm, the minimum hardness in a
softened zone was almost constant after a continuous decrease up to 60kJ/cm. Because of a softened
zone, the welded-joint was fractured in the HAZ and its maximum reduction of tensile strength was
about 20%. Measured welded-joint tensile strength and calculated minimum tensile strength in a
welded-joint was almost same, which means that the plastic restraint of a softened zone did not occur
in this experiment. It is believed that as a softened zone width-to-specimen thickness ratio is as high
as .2~6 in this experiment, the plastic restraint effect does not occur. Theoretical analysis shows that
the plastic restraint effect occurs only when the ratio is below 0.5.

(Received July 7, 2000)

Key Words: Accelerated-cooled steel, HAZ softened zone, Welded-joint strength, Hardness, Relative thickness, Plastic restraint

1. M =

AR Y vAdge e A=Y AL BAlA A
2 4 JE o F F88 Wgelth. EA7A End ¥
glolE A7|o wE FEPE} Ao x WgE
HelolE A7) 1pmz AN H FEATE &
800MPa, #HHol2xE & -300C S vepdnt”.
ol gt Atd 2 FFUAL HUt flo] A= - AN
o] Az7b 7hedE vEhlo], Al %LHS’%OM d

HEoZ AARE 800MPad 2te uAY 72
& 3= Z(ols NEN Y Ado] Edel 3
RIS
olg{ g *ﬂ%ﬂ% £43H 4R (HAZ)OA 7t
A3y T AFHE APl dojvtn, ARy F a4

o

Rt

KEREREEEE $184 658, 20004 124

HE 2 oldle] P9 vlA g Hele|lE 23 o] &~4H
o 2 A HAZ 7=7) BAjET A3tste &Y
HAZ %}7} ﬂﬂi EltJr . HAZ d3l= 93899 2
T AR gHYE F
gt A7) 73&&%1 o] 83 Foll oJ3te] 4=
Atk Akselsen 52 745987y 73 3 A -=l =8
2ol HAZ A3tE zAbsted] ME WAL zeae o
7t #AEA EAT =Y Y& R s B sk,
HAZ @574 %7t 2R o E A3t Hudte
otk 7 527 gA%H (Ceq)ol TE Ao 7
S g &488tE Ceq7t 0.35~0.40% ©lste] 2
AT gyt dojun | AR Axe ZARG o
70MPa A% Aststctn Baustdct AREL H
°o|E A7|7} 4] AP EMolE AAAE A,
800N 500TC7HA Y WZAIZE (Ates) o] BOAAR]

!

[

754



84

W AEH HAZ =7t A o]et& A3dlslo, 40 7
+ BA FEFEY % 80%E HEPE S AR,

2 A7 7t osto sgolE A0S
4z AYSG e AA 4ot JEF e
sde Arlek = ASE FFseta, Astg ol
EAste ol AEE o8 Alllsld

2837 v malsr).

N
(%
ook
0
Ix

2.1 AlERY

ANEAE dd48 08 2" A7} Smmeln &
o] ¢ 100mm¢! VAZHCZ 0.14%C-0.25%Si-
1.10%Mn9 g EE 7HAle C-Mn Zolth A
315 At M Aex A4 uAEA GG At
3 dAg g F 10C/s9 LSRR M5 E
3ttt FAglo|E Av]e Hit 4uol™ QFAR =, FE
7w, dAee 27t 630MPa, 480MPa, 18%°]L,
HAAEE 200H°] .

2.2 Algluh

AARAEL FA 4 5mmE A2E F AWS ER80S-
G spolol & Alg3te gl 10~100kJ/emZ CO,
7FAE ol 4% CMAW #HA 19x 4u7| 83 & o
ATt 40kd/cm o}l M= &2HE WAB7]
T B%g %ol $A3%4 . Fig. 101 & & ¥ F I&
ALgetE oSSR ¥A4S YEAHSE 20kS/cmé}
40kJ/cmel et JeRSich €438 & 2= 9 <l
ANEAE & T SR AF A}t F HS
wol £H3 A fole olefl & we # FA FIE
A ANEHE A, e 3R dHd st
o Imm HF o2 &% 1kge HAX AEE FF 3}

20kJ/cm
45 @9 :mm
Oy
[ 2 \w( J I‘ﬁ
¥ 133
- |
160
40kJ/em
r a g
C At 1340
| VY 45
‘ 160 | _]

Fig. 1 Joint configurations for 20 and 40kJ/cm heat
input welding.

755

Fed Hx 3W oS S Yo AR o
ATt AFAE L EH A FFoz FH AL
50mm, ¥ 10mm, 57 3mm¢ AgdHo g 733t

% Smm/ming cross-head £EE Ut Al
H Fo| £4 o] &F Ard v|A= JITE 2ALE]

gated ] £ 10mm o}l 20, 30, 50, 70mm2 Al
AL ALE-t )

3. Al

1o

A3} 3 D

A}
<

3.1 HAZ ¥3&}

e

Fig. 20l dFA 22 20kJ/cmE &4 2% &4
o] & dHe] AxWIE YUY AeEe £35F
Zof A oF 200H.E YERH F HAZAA ZA ©]stZ
A8k e Ak Agstn ok $3FSE FHolA
ki Ao] & vehy 2A) Az Eth x3g A3t
o Z2 8~10mmE YR, A HAEE 163~
166H.S Yellz ok, dnld 2AAE 49, &5
A (fusion line)ol A 3mm7iA| = wlojttelE S} H 2}
olE EgxAE Jrhly 1 oM = HEelEg
HalolE 3z g JeElUr), A st Ex
LA 2RE HoAFE vl 3t 8mmolA

B} 22 A 2718 UEhiAn. mEkA o)

@ A= AsE $U9 BE 27 vae 3 9gs
LAFS ¢ F UAH
260
2407
] BM HAZ) WM HAZ | BM
220 .
E. + XN R /°\~. /Oo
% 200 S S .
e : T
d L3 o
Py [ ] ® L] ®
*. 1807 8 ]
@] o’ , |
< o ' *
160
1401
120 —— T T ————

-40 -30 -20 -10 0 10 20 30 40
Distance fore weld center line(mm)

Fig. 2 Cross-sectional hardness distribution of welded-
joint (heat input: 20kJ/cm)

dEF Wzl g d39q 2 AR A E
Fig. 39 Yelilc}h. 9899 £& 10kJ/cmollA 6
~8mmE YEhd ¥ &4 02 Frkste 100kJ/cm
A 23~24mmE Ve, A HAF=E
10kJ/cmol A 171~174H,& Yebd ¥ Asteto
60kJ/cmolA °F 153~160H.& YEFd ¥ At}
A9 23pstn Qv dAnA 2AAY A9, AAAE

Journal of KWS, Vol. 18, No. 6, December, 2000




7t GMAW 80l &%e) 2 Wg

2 JeE RoM e 22 BE YE @A #H ol
E - Helo|Eol} FeolE Avle EART AFAst
o 10, 20, 40, 60kJ/cmolA &7+ 5.3, 6.1, 6.5,
6.8umE JERA X o ol ZA AREHA kst w
g B AdzzoA ddHe Fotel wet Astd o
e &Aoo st AE Ade 60kJ/cm ©173el

A 79l Zem 1ee &+ Un
30
. (a)
E 251 .
§ 20 .
g 157 d
= $
. .
ERU .
s .
5
0 T T y T T
0 20 40 60 80 100 120

Heat input (kJ/cm)

200
(b)

1801

Min. hardness in softened zone (H,1)

160 1 H . .
[ ] Ll
L4 L]
140
120 r ; , , .
0 20 40 60 80 100 120

Heat input (kJ/cm)

Fig. 8 Variation of (a) width and (b) minimum
hardness of a softened zone as a function of
heat input

£3o] g Azl o] EASA AFAEA A3t
odddo] WA WEF o] 2FReA Fho] dojd AR
AR o] ML #sy] 9t AFAIEAE S
npaz BAste HAZE Al¥e A § A
o e x| 2 st Fig. 40 g o=
20kJ/cmz €38 AP Bt ZgE dehile
d HAZAA SASESS A% 4 doh. o2 g
HAZ e 10~80kJ/cmE £H3% ZE AlgHA A
e} At 43S #9% 4 3ok 100kd/cm
Z 2 AHe 2HFSNM HAdsid e oA
Feg ldgoz 334 A= (9F 140HY) 7t %}
99 AXAE (150~158H)EY B8 ¥e& g
Ve 7] wfj 2ot} Fig. felle 23 H o) 3% A%
=2 g% Ao et JepAT JE @ St
g} 3 QAR EE Adstd 10kJ/cmoll A 564~
568MPag JEld & 60kJ/cmolA 507~514MPa
2 Aag oS A Eastm vk, ol g FEFS

Kegisg et $18% FoIK. 2000F 128

e,

Fig. 30 Ueld HA Aol wse 54T & F
oltl, e AAARE 630MPad ZAstH £ ¥
oA Al A3l A= F 0%LS ¢ T U

] lSLu uuumﬁucmu
b ey : s b B B e e e ik

Fig. 4 Fracture appreance of welded-joint tensile

specimens

700
=
[aW)
= 650
=
¥
€ 600
I
7]
= LA
% 550 o
3 L]
=
E 500 ! *
2
-
5 404
T 450
=

400 ————_——

0 20 40 60 80 100

Heat input(KJ/cm)
Fig. 5 Variation of a welded—joint tensile strength
as a function of heat input

32 Yigtddg ZEets OIFF Ex dE

HAZAAN 257} obd Z=e] W3t
Aate AL Brbssith. wEgA 2 4
Aol Z QA HE AMEete] ®A A
AJAZ 73 T, AA §HolF A=l ddst
o A&AQ AW E TOP&’i‘;} HA 12x100%
5mmé Al @do] Mo FE FAF ¥, 77
1.5mme ASTM ES8 subsize QBAIHCR 71338
o AE9 ARG S PBATh M| EL EHo|F
ARG E g3l 71dE&= 135T/sE 750~
1,350C2 713 th2, 800~500C +3+& 5~40s
2 yztste] A@etd . Fig. 69 A8 HAZ A%

mlm

SEEEED
BeliE AR
=9} 7wel 4

=t Axel WAE YehiAEd T Alold BA 4L
e 2t
A& HAZ Q1374 5,
MPa=1124(3 & HAZZ %, H, )’ (1)
756



86 P

700 dAFoRE B AgN AL43 QAT S} £
€ 27 3mme} 10mm= A% welo] ohi},
: Fo Biulsl o] & 2ol M 2 gy PEEHE U
ERHA| kol 4k wle) sbgol shs e,

fox]

(=3

b=
i

w
[=3
<
1
()

2 4007

300
&

K
2001 Hel

Synthetic HAZ tensile strength(MPa)

. SF
St
lo
o
I
z

RV r
rH
o
N
N
)
rir
>
o
g
Lo,
o3l
H
rlr
oX,

o
£
30 L
N

f)

50 100 150 200 250 300
Synthetic HAZ hardness(H,,1)

<

Fig. 6 Variation of a welded—joint tensile strength
as a function of heat input

Fig. T o|9A AL 2 jdgelnel 3% Kin(l+ )] (1+Y) ®
= AR 24 A AYBE 4BBAE Y . I+ &

Witk F Abolol Ao 1:19) DAV} ee o 5

otk ol We Azl T o] LHS} A4 4714 K ne dARTe] A% Qo)X dojr| e
WY S R0 JEr 2 B MYE paepe  USH, s AW, o) BAY, s=KeelN FoI

ZHEZJ—’F— 13 Y=a/4R olt}. 3H &9 Y Alo|q
3 2 #AAAS /HAY 2 sy}

2t A8 AR BERT Folh
WS} Aol A ol o] 72 ko) o€ A
H

e e >

&3l £ 4gst g

|28hed A X=§¢(]- E)(Z—EY'“ S 2+ 2 4(I- SY] (3)

A
BEERT o)y Xe h/az FolAE AW Py Bad
€ gya gelmet 1/(Lte) ot oy ool o
: %"é BAFANNE # ogi ye 4 (3)& o] &3] 73l
Fol & ARG ALLE £ W T4 g et ARR WF 29 <
ZE7 SUteTtn o B 74]&"“*1% TRE 2 255 20 e
75 AL AL AWy due] AFAS SH st i 5o o) 2= &

A .
Arkeie. &AL A8 Qe
650 7
;(% d
& o007 ]
=
B o *% 1l line
£ 550 ?
g ] h ¥
G ] e h.
o
£ 5007 d _._fL._x_,u
< ] h
g hoy
5]
5 507 _
=1
400 Fr——r————r S
400 450 500 500 600 650

Calculated min. tensile strength(MPa)

Fig. 7 Comparison of calculated minimum tensile
strength and measured tensile strength of Fig. 8 Deformation of a welded-joint with a soft
a welded-joint interlayer

757 Journal of KWS, Vol. 18, No. 6, December, 2000



A7 GMAW £3olg7e] 25 g

87

Wl 4] Bi=nlkel o] (Fig. 2 ¥=) 48499 714
A Aol #YshA & d&H o Wgkshy, g
g wet Wale] FArw 2o} 4 (1)& AHE
3t Aatek A7 10~80kJ/cm YEFolA Azt
o HA ARREE WF 500~560MPad YERRC],
A AARE 500MPage #Ue A7 AR
2% 630MPag! EAo} 7oA e FHE 7H e
Ao, A4 AZARE 500MPadQl ¥Rt AH32% 2
AR st AaArd Ko nd Fe4. Fig. 9
of AH327el 288y FME log-log THE
o EABIAT. n& 71714 ety Ke W dol
190 dolxel Agojt) M Heupeh gol
500MPag9 98t AH3279 ne 0.21°31 K&
953MPaclt}.

10.000 E

]

IR

1.000 4 K=953 4y

True stress(MPa)
x
i
o
N

100 4 4

0.01 0.1 1

True strain

Fig. 9 A typical true stress-strain curve of 500MPa
grade high tensile strength steel

o]21g nt K &g 73 4 (2)8 (3)& AHeate A
At AgEA, Xol ©hE a3 FY8H-2PNI
2Ag Fig. 100, 22l 27 Xl YoiA H ABZE
2 Fig. 110 22} VehiiAch, Fig. 11oME=ute 2

19 AR EE X7F F 0.5 olstell A F43] T

F}o) 23 Azt 7‘E~7}“X7} oF 05 Io}ow
VRS & 5 otk addles £33 ol &% I
2 7 Jehideh J¥3E 10~80k)/cmE A7 gl
ulg} Azl d L 6~18mmE Heh 1o Wl X 2
~62] H91E 71 W} ol ¥l M 2TFE T U
EhiA] oo} datd e Aert S8 4eE ¢ T U
o, meld B Ag Wt AEH FA7) ghn Astd s
Zo] A A3y e F7te] gt gle AoR A
=t

B Zo] Zrto e Ay Y FeS ERls] 9
dtod JEHE 20kJ/emE LAEA 3 O AlEH
£ 20, 30, 50, 70mm=E Z7MNA A E & sk

RestsHeBaat $18% H69. 2000F 128

2.000

—

Fig.

Ultimate tensile strength(MPa)

Fig.

Fig. 12¢] o] &% QA= WgE A3H

glct.

b
[SAl
[
(=]

Engineering stress(MPa)

1

L0007

5004

T
0 20 40 60 80 100

Engineering strain

10 Several examples of engineering stress~

strain curve of a soft interlayer

1.000 \ T T T T
1 1
800 \ N
1
600 \\\\“ e ¢ }
[ ] ® il
400 1
1 1
200 Calculated value 7
® Measured value
O T T T T T
0 1 2 3 4 5 6

Relative thickness
11 Variation of ultimate tensile strength

of a

soft interlayer as a function of relative

thickness

agix ]Eﬁ} Eb—- Z g 750l

g gw-g spgstel Akt g3t & Aot gl

wiha] B AgelM st ol £ 3mm, & 10

!

70mme] AgHeME FAU Z Bg FE 2T
e 27t A dehA] @83 ¢ 5 A

700 7]
‘o
&
= oapn
= 650 |
15’0 e
g 1
S
2 600
kS
2
[ L] [ ]
z50] o @ ° °
5]
! |
E 500
[ 4
= ]

450 1

T T T T T T T T
0 20 40 60 80 100

Fig.

Specimen width(mm)

12 Variation of welded-joint tensile strength
as a function of specimen width (heat

input:20kJ/cm)

758



88

o
S
4
ox
oX
Ho

4. 4 =

Bs-rrs i el ofated AzA HeolE 7] 4
wme NP 7AE 10~100kJ/cmE V-groove CO, &
Hoted ddFf e dgldd 279 2= A3tE
ZAG Ao o2 22 A8E Ao

(1) @93dFode A=l B4 2o} @2 d39d
gtoh, oluf g Z2 JdHe] Uiy A
Aoz F7hiv AE Aste ¥ 60kJ/cm
gl Al Talatth

) Astdgel EAo] o SHol g e GIIF
Ax ety JIAZE Aate g F 20%E et
Wi,

(3) ZAET e

==
.

!
I

X
=Y

[

ARE e &
do® 3 dAzlddoe] 540MPasl @ NS =
& 7tk JHgete e e AEd An o
39 Zo| AlH FA o vt 2~6M 2 )% 7 &
AT A 4§ &30S F A= Fvhe HolA
%3tct.

(4) V8" £& 1094 70mmz 3718 &4
1% A =Ee 4599 HA 47z & o]
E UeA] gol B AdzdAM E W 24 FE
AT eRA] @it

o]

F 7]
2 A7E 19999 TYAA “AAY T8 N
% A7 AT AL o) ol on], o] A}
=34t
759

10

:!:?4‘1

% ES 0 BR R 83

. EE

P

1kal
Ha
rg

T STX-21 7orm ¢ =7 VBT HERDIMOME
&%DJ@%@&E TEHEFMT, Vol.47(1998), pp.81~87

LR Te v s 4 THEERER 7 om o= 2 b REEE,

Vol.66, No.8(1997), pp.31~34

- i ARSI O S TEIRE L, BHEEEEE, Vol.66,

No.8(1997), pp.35~38

AY dedolE-dalolE7 $4Y
AR 54 (D), dFE583A], Vol.37, No.12(1999).

pp.1544~1549

7By 74 THEMB O, G %

No.8(1997), pp.43~48

Vol.66,

. 0. Akselsen et al: Assesement and Predictions of HAZ

Tensile Properties of High-Strength Steels, Welding
Journal, Vol.68(1989), pp.356-s~363-s

ZE b TMCPRHTS0MUSHMT D5 R 2 i35

8, HAER SEHCE, Vol 157(1988), pp.304~311

D% F5 3 57 A WeelE-geelEg $4A9YT §

A (D), RFFEHE3A], Vol .37, No.12(1999), pp.1550~
1555

R b BREIEE OTSERBER A S < b ORI S BRIRIE B

5 EEHE, HREEEE, Vol.40, No.8(1971),
~900

pp.885

ERE S BB BSOS ORIVEEC I 5 HENR. &

HEEEE. Vol.37, No.11(1968), pp.1214~1226

Journal of KWS, Vol. 18, No. 6, December, 2000



