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Fatigue Strength and Fracture Behavior for Overlap
Weldment of Gas Metal Arc Welding in Dual Phase Steel

L HE S ***
ST

Seon-Jin Kim*, Myung-Koon Son**t , Jeong-Hun Park*** and

sk ok

Rando Tungga Dewa

(Received 24 January 2018, Revision received 05 March 2018, Accepted 01 April 2018)

Abstract: The aim of this study is to investigate a high cycle fatigue properties and fracture behavior of

overlap joint weld by gas metal arc welding for various weld root gaps existence in Dual Phase steel

which is one of popular Advanced High Strength Steels. The results of a load-controlled fatigue tests

showed a reduction of fatigue strength due to the effects of overlap welding geometry and weld root

gap existence between upper and lower sheet. The fatigue life was also decreased with increasing in

weld root gap length. In addition, four modes of fracture behavior were observed in accordance with

weld root gap length and applied loading stress levels. SEM investigation for fractured specimens

showed that the crack initiation occurred in multiple sites from weld toe and roots. Striations and micro

cracks were also noticed in the propagation area. Thus dimple and voids were observed in the final

fracture area and occurred simultaneously with necking phenomenon.
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Fig. 1 Microstructure of Dual Phase Steel;

white
phase : martensite, darker phase : ferrite
Table 1 Chemical Composition (%)
C Si Mn P S
0.0733 0.027 1.652 | 0.0267 | 0.0019

Table 2 Mechanical properties

Tensile Yield Strength .
Strength (MPa) (MPa) Elongation (%)
682 441 26.9

2.2 22F =71 M= AlE

B Ao AFRE A FE= DP590HR(hot roll), F
A 32 mm BEA FFoid, AdH AH =
g WEgE do] WwFgoE AFHIAT FXA7]
24 A2AEE AL dd ARe 4d $F
o= FYsA F Ao AAE AA I AR
st &3 FE 7§ =7]¥(root gap length = 0
0.5, 1.0, 1.5 mm)Z 4%Fo°] AZ=HAon, &=
Jhxvg ola £ 24L& AA AL AF
27102 Table 37 Z2Th AFH 71F2 9folof
W 7’712 ASTM Ed660] wE =712 Aoy
Aok G217 834 AEHL Heo'V AFellA 9}
2ol Al Al atF ZE FS AFAHFH AT
3, AFHEES A7 A2 Al vEs A
ete] Y FAY BAIE 2HE & Bl F
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Table 3 Welding Condition 3tATE ol GMAW &3 o] Mdxe 5 &5
H oC A} O = S
E—— 0 ¥ 27k A oldoR b o Fdol o
WA B3 249 Wyge dsz wuwd.
Voltage (V) 24
. WM : Weld Metal
Speed (Cm/mln) 60 CcG HAZe: Co:::e Grain Heat Affect Zone
FG HAZ : Fine Grain Heat Affect Zone
I t 3 PHASE AC 200/220V, BM : Base Metal
P 50/60Hz, 3KVA Fa HAz
Unit : mm gﬁg:{ WM

Weld Toe

Weld Root
o

- — _ Thickness = 3.2 2
! | Lower
50 b 50 Sheet
! ) 1
‘ FG HAZ FG HAZ
Base metal Fig. 3 Schematic diagram of cross section of

overlap welding

Overlap joint with gap

Lower Sheet

(b)
Fig. 2 HCF specimen with ASTM E466: (a) shape
and dimensions; and (b) GMAW process

with overlap sheet for fatigue test specimen.

© ®

209l g|M=X
2.3 @5t OlM=H Fig. 4 Microstructures of different zone of GMAW

ig. 3% F3AN Ao AFY FHE =4S -
Flg_} ’ J% o= ]jf B 7 fi g;{j: J;o Overlap Welded DP590; (a) Positions of

SFal 19 9. H Ao , % '

e - —; M microstructure, (b) WM, (c) Boundary

between WM and HAZ, (d) CG HAZ, (e)

zhy 49T} AY dIFr=E FG HAZ (f) BM

= 5
A T goz BRte A4 4 9oz TR
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Fig. 5 High cycle fatigue S-N curves of DP590

base metal and overlap weld specimens
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Lower Sheet

Fig. 6 Typical of fractured specimens distinguished
by fracture mode

Table 4 Comparison of fracture modes

Fracture . Fracture Crack
Deformation . .

Mode location point

Mode A Yes Lower 1 point

Mode B Yes Upper 2 point

Mode C No Lower 1 point

Mode D No Upper 1 point

Table 5 Distinguished modes based on stress level

and fatigue life

Stress Fatigue Life (cycles) Stress
(MPa) | Ogap | 0.5gap

210 11,544

157 34,997

105 | 112,602 77,409| 71,041

79 | 228,321| 192,667| 156,579

mode B, light

* light blue : mode A, dark blue :
yellow : mode C, dark yellow : mode D
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Fig. 7 Typical SEM
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specimen

images of fatigue fracture

DP 590 steel base metal
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WeldToe B :
{ 0 root gap specimen i
13.75%, 927,855cycles |

1 Crack propagation
ection

[ b et
Crack propagation

LR

 Lower Sheet - Bottom

SEMHV: 15.00kV  SEM MAG: 30 X
Det: SE 2mm w!

Fig. 8 SEM images of fractured overlap welding
specimen with Omm root gap, and 13.8%
stress level & 927,855cycles

° "°°t gap speclmen Weld Toe

\ 40%, 11,544cycles

5000
: b
o _Necking Area I Lower Sheet - Bottom

3EM HV: 15.00 kV SEM MAG: 30 x VEGAW TESCAI
det: SE 2mm -l

Fig. 9 SEM images of fractured overlap welding
specimen with Omm root gap, and 40%

stress level & 11,544cycles
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